
50 Years Ago
Last week’s first Saturn V flight 
(called Apollo 4) may have 
helped NASA to catch up on the 
lagging timetable for landing two 
Americans on the Moon by 1970. 
By combining in one flight the 
first operational tests of several 
important components, time has 
been saved and many of the tactical 
obstacles to the first manned flight 
in the Apollo capsule cleared 
away. That flight is now fixed for 
autumn 1968, employing the less 
powerful Saturn I as booster for a 
low Earth orbit to check the capsule 
under “live” conditions … There 
is no doubt of the technological 
achievement of the first Saturn V 
flight, however misplaced or 
outdated may now seem the goal of 
a manned Moon landing by 1970.
From Nature 18 November 1967

100 Years Ago
In the summer of 1850 a small 
party of engineers arrived at Dover 
in order to lay a cable across the 
Channel … At that period it was 
considered absolutely unnecessary 
to test copper wire … The project 
excited much good-natured 
ridicule amongst the town folk. A 
man was found cutting the cable 
with his knife to show his friends 
that there was a wire inside … On 
an ideal calm day the pioneers laid 
the cable from Dover to Grisnez, 
but they were destined to bitter 
disappointment … the anchor or 
the trawl of a fishing-smack cut the 
cable in two not many hours after it 
was laid. They were thus prevented 
from carrying out experiments 
which would probably have 
enlightened them considerably on 
the laws governing the transmission 
of submarine signals. As it was, 
they had no conception that their 
failure was mainly due to ignorance 
of the laws of electrical capacity and 
induction.
From Nature 15 November 1917

Shigella flexneri transfers more than a dozen 
such bacterial proteins, including one 
called IcsB that helps it to evade autophagic  
destruction6. GBPs can interact with auto-
phagic proteins that might target bacteria for 
destruction2,3,7–10. This raises the possibility 
that GBPs also target S. flexneri, and, if this is 
so, poses the question of whether the bacterium  
has evolved a counterpunch. 

To investigate whether S. flexneri combats 
GBPs, Li and colleagues used a fluorescent tag 
to monitor the recruitment of human GBP1 
(hGBP1) protein to bacteria in the host-cell 
cytoplasm. They also tracked the galectin-3 
protein, which enabled them to identify  
damaged vacuoles from which the bacterium 
had escaped. 

What they found was unexpected. Epithelial 
cells infected with S. flexneri were completely 
devoid of hGBP1, whereas galectin-3 was 
still present, suggesting that hGBP1 had been 
selectively degraded. Other bacteria that can 
also enter the epi thelial-cell cytoplasm, such as 
Listeria monocytogenes and Salmonella enter-
ica Typhimurium, did not degrade hGBP1; 
instead, they were quickly surrounded by it. 
Such action could kill the bacteria by breaking 
down the microbial cell wall9,10 or by recruiting 
other antibacterial proteins2,7,11.

The authors next investigated why hGBP1 
disappeared from cells upon infection with 
S. flexneri. One mechanism for targeting 
intracellular protein destruction is a pathway 
in which a ubiquitin-protein tag is added to a 
protein in a process called ubiquitination. The 
addition of many ubiquitin tags marks the 
protein for destruction in a multi-protein com-
plex called the proteasome. When the authors 
treated cells with a proteasomal inhibitor or 
with an inhibitor that blocks a type of enzyme, 
known as an E1 ubiquitin ligase, that acts in the 
first step of ubiquitination, it prevented hGBP1 
loss on S. flexneri infection. 

To determine how S. flexneri achieves  
proteasomal-mediated GBP destruction, Li 
and colleagues tested about 13,000 strains of 
S. flexneri that had mutant versions of dif-
ferent genes. One strain that was unable to 
destroy hGBP1 had a disrupted version of the 
ipaH9.8 gene. This gene encodes an enzyme 
known as an E3 ubiquitin ligase (IpaH9.8), 
which aids the process leading to the final step 
of ubiquitin tagging for proteasomal destruc-
tion of a protein. The authors demonstrated 
that IpaH9.8 could add ubiquitin tags to  
certain lysine amino-acid residues of hGBP1 
in cells grown in vitro. The ipaH9.8 gene lies 
in a region of the genome harbouring genes 
that form components released by the type III 
secretion system, suggesting that the protein 
encoded by ipaH9.8 is directly delivered into 
the host cytoplasm on infection.

Shigella flexneri contains a small family of 
IpaH E3 ubiquitin ligases6, but the other IpaH 
family members tested by the authors did not 
degrade hGBP1. Moreover, Li and colleagues 

demonstrated that if they engineered 
S. Typhi murium to express ipaH9.8, this 
sufficed for the bacterium to gain the capacity 
to destroy hGBP1 in human cells. 

Notably, when the authors conducted 
in vitro tests (in which they also provided the 
E1 and E2 needed for ubiquitination), they 
found that IpaH9.8 enabled the ubiquitination 
of more than half of all the GBP family mem-
bers found in humans and mice (which have  
7 and 11, respectively)3,7,11. Hence, IpaH9.8 
could enable S. flexneri to degrade many GBPs 
that often act in concert to restrict bacterial 
replication3,7–11. Yet microbial interference 
with this enzyme family has not been observed  
previously for any bacterial pathogen. 

GBP ubiquitination by IpaH9.8 occurred 
independently of GBP activation, which is 
needed for the enzymes to target bacteria 
after infection3,7,11. This suggests that IpaH9.8 
can engage GBPs before they act to restrict 
microbial growth. Such early intervention 
would block not only GBP-dependent bacter-
ial destruction through enzyme-mediated 
changes to the bacterial cell wall, but also  
activation of a host multi-protein complex 
called the inflammasome, which can sense 
microbial products released by bacterial 
destruction3,8–10 and enlists GBPs in the assem-
bly of specific inflammasome complexes3,11,12 
that trigger a systemic immune response 
beyond the infected cell. Shigella flexneri there-
fore targets a chink in its host’s armour that 
potentially allows it to disable several defences 
in one fell swoop.

The authors investigated the in vivo function  
of IpaH9.8. Mice exposed to S. flexneri that 
express IpaH9.8 rapidly succumbed to infec-
tion, whereas animals given S. flexneri that 
lacked IpaH9.8 survived. However, mice 
that lacked five members of the GBP family 
died when infected with the S.  f lexneri  
missing IpaH9.8, because the removal of the 
host defence provided by these GBPs enabled 
the S. flexneri mutant to now cause infection. 
Together, these results demonstrate that 
IpaH9.8 is needed for bacteria to specifically 
evade a GBP-mediated immune response. 

This result highlights the co-evolutionary 
battle between host defence proteins and 
bacterial proteins to gain ascendancy during 
infection. Indeed, a rapidly expanding reper-
toire of host proteins targeted by bacterial E3 
ubiquitin ligases has been identified. These 
include: NF-kB, which is part of a key immune 
signalling pathway; autophagic proteins; and 
proteins that contribute to an inflammation-
triggered cell-death process13. GBPs now join 
that list.

Li and colleagues’ discovery of a microbial 
strategy that disarms GBPs provides a major 
conceptual advance that is reinforced by a 
similar study just published14. Both reports 
highlight the increasing importance of this 
group of enzymes in intracellular immune 
defences. How GBPs initially recognize 
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