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 PaPer TyPeCOMMeNTary

Salmonella enterica is a bacterial 
pathogen that closely interacts with 

its host and replicates intracellularly. It 
has evolved the ability to create an intra-
cellular membrane vacuole where it can 
survive and replicate. The nature of the 
Salmonella vacuole is still poorly under-
stood, and although it has some features 
in common with lysosomes, it serves as 
a suitable niche for its survival. In con-
trast to broad-host Salmonella enterica 
serovars, Salmonella enterica serovar 
Typhi (S. Typhi) is a host-adapted patho-
gen that does not have the ability to rep-
licate in any species other than humans. 
Such host adaptation is manifested at 
the single cell level since this pathogen 
is unable to survive in non-human mac-
rophages. We recently reported that a 
pathway dependent on the Rab GTPase 
Rab32 and its guanine-nucleotide 
exchange factor BLOC-3 restricts the 
growth and survival of S. Typhi in non-
permissive macrophages. We also found 
that broad host Salmonellae, such as S. 
Typhimurium, are able to antagonize 
this pathway by delivering a bacterial 
effector protein that specifically cleaves 
Rab32 resulting in its degradation.

Intracellular bacterial pathogens have 
evolved very sophisticated strategies to 
interact with the endomembrane system 
of their host cells and ensure that they can 
create a safe intracellular niche within it. 
To survive within an intracellular mem-
brane-bound compartment they must be 
able to acquire limiting nutrients required 
for growth and avoid degradation by 
hydrolases of the endo-lysosomal system.1,2 
Rab GTPases are fundamental regulators 

of intracellular traffic in eukaryotic cells3 
and for this reason they represent a prime 
target for pathogens to divert intracellu-
lar traffic for their benefit. Many bacte-
rial intracellular pathogens have been 
shown to use different strategies to target 
Rab GTPases. Legionella pneumophila, for 
example, delivers bacterial effectors that 
target Rab GTPase by acting as guanine 
exchange factors (GEFs), GTPase activat-
ing proteins (GAP), or as enzymes that 
introduce post-translational modifications 
that affect the activation status of specific 
Rab GTPases.2,4

The intracellular bacterial pathogen 
Salmonella enterica is a common cause of 
food poisoning, transmitted through con-
taminated water and food. After inges-
tion it reaches the small intestine where it 
actively invades the cells of the intestinal 
epithelium. Once inside the cells, it estab-
lishes an intracellular vacuole where it 
survives and replicates. In order to invade 
epithelial cells and shape its intracellular 
niche, Salmonella enterica delivers a large 
number of bacteria effectors through 2 
type-III-secretion systems.5 The strategy 
used by Salmonella to avoid fusion with 
the lysosomal system is still unclear. The 
vacuole where Salmonella survives and 
replicates acquires several proteins that 
are regarded as typical lysosomal markers, 
including lysosomal-associated membrane 
protein 1 (LAMP-1), other lysosomal gly-
coproteins and the vacuolar ATPase.5,6 
Despite having many features in common 
with lysosomes, the Salmonella-containing 
vacuole is depleted of lysosomal enzymes 
and constitutes a niche that is suitable for 
its survival and replication.6,7
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Salmonella enterica can infect a broad 
range of vertebrate hosts. However, this 
species comprises more than 2000 dif-
ferent serovars and some of them have 
adapted to infect a single host. Salmonella 
enterica sv. Typhi (S. Typhi) has adapted 
to infect only humans, where it causes 
typhoid fever, a life threatening systemic 
disease that is responsible for more than 
200,000 deaths every year.8,9 Despite 
its importance as a human pathogen, 
the molecular bases of its unique patho-
genic behavior and human-adaptation are 
unknown.

Recently we reported that a host trans-
port pathway dependent on Rab32 and 
the biogenesis of the lysosome-related 
organelle complex (BLOC)-3 contributes 
to S. Typhi host restriction.10 We had pre-
viously shown that Rab29, a poorly char-
acterized Rab GTPase, is recruited to the 

S. Typhi-containing vacuole, but not to 
the vacuole of broad-host-range Salmonella 
enterica serovars.11 This represented the 
first report of a difference between the 
intracellular biology of the vacuole of 
S. Typhi and broad-host range Salmonella 
enterica serovars. We found that this dif-
ference was due to a novel type-III-secre-
tion effector, GtgE, exclusively expressed 
by broad-host-range Salmonella serovars, 
which specifically targets Rab29 for cleav-
age and degradation.11 S. Typhi is not 
able to survive in primary macrophages 
derived from mice, a species non-suscepti-
ble to S. Typhi infection.12,13 Remarkably, 
we observed that a S. Typhi strain engi-
neered to express GtgE is able to survive 
in primary macrophages and tissues from 
mice, a non-permissive species, thus par-
tially overcoming the host-restriction bar-
rier. How does GtgE confer S. Typhi the 

ability to persist in mouse macrophages? 
We found that, in addition to Rab29, 
GtgE targets 2 other Rab GTPases, Rab32 
and Rab38, which are also recruited to the 
S. Typhi vacuole when expressed in epi-
thelial cells or macrophages.10 Depletion 
of Rab32, but not of Rab38 and Rab29, 
resulted in a marked increase in the sur-
vival of S. Typhi in mouse macrophages, 
thus phenocopying the effect of GtgE 
expression in S. Typhi. These results indi-
cate that a Rab32-dependent pathway 
restricts the growth of S. Typhi in mouse 
macrophages and contributes to S. Typhi 
host restriction.

Rab32 has been shown to have a key 
role in a post-Golgi transport pathway 
delivering melanocytic enzymes to matur-
ing melanosomes.14 The closely related 
Rab GTPase Rab38 also functions in the 
same transport pathway and along with 
Rab32 appears to have both redundant 
and unique roles in the trafficking of mel-
anin-producing enzymes.14-16 It is intrigu-
ing that Rab38 appears to be dispensable 
for S. Typhi host restriction. It is possible 
that Rab38 is expressed at low levels in 
macrophages and that these levels are not 
sufficient to support any function in these 
cells. Another possibility is that, while 
Rab32 delivers an anti-microbial cargo to 
the S. Typhi vacuole, Rab38 would deliver 
a different type of cargo. These results sup-
port the idea that Rab32 and Rab38 play 
distinct roles in membrane trafficking.

A set of autosomal recessive human dis-
orders, which are grouped under the name 
of Hermansky-Pudlak Syndrome (HPS) 
and manifest with albinism and bleed-
ing, are the consequence of defects in the 
maturation of lysosome-related organelles 
(LRO), such as melanosomes and platelet 
dense granules.17 Human HPS and the 
corresponding mouse syndrome are asso-
ciated with mutations in different genes 
including Rab38, a Rab geranyl-geranyl-
transferase, the clathrin adaptor protein 
complex AP-3, Vps33a and components of 
BLOC-1, -2 and -3. We found that one of 
the 3 BLOC complexes, BLOC-3, is also 
required for restriction of S. Typhi growth 
in mouse macrophages.10 Although the 
function of the BLOCs in biogenesis of 
lysosome-related organelles is well estab-
lished, their specific roles in this process 
are poorly understood. Interestingly, very 

Figure 1. Schematic representation of the maturation of the S. Typhi vacuole in mouse macro-
phages. after internalization, S. Typhi (in orange) reaches a compartment that acquires an anti-
microbial factor (8-pointed black star) through a transport pathway (red arrow) dependent on the 
rab GTPase rab32 (green hexagon) and its GeF BLOC-3 (blue oval). The S. Typhi vacuole also recruits 
the rab GTPase rab38 (cyan pentagon). However, present data suggest that rab38 is not involved 
in delivering anti-microbial factors. Like lysosomes and other lysosome-related organelles, the S. 
Typhi vacuole also recruits lysosomal glycoproteins, such as LaMP-1. However, LaMP-1 recruitment 
to lysosomes (blue arrows) and lysosome-related organelles occurs through distinct pathways.20,23
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recently BLOC-3 was shown to be a gua-
nine-nucleotide exchange factor (GEF) for 
Rab32 and Rab38.18

Our results indicate that a traffic 
pathway controlled by Rab32 and its 
GEF BLOC-3, with features in com-
mon with LRO biogenesis, restricts the 
growth of S. Typhi in mouse macrophages 
(Fig. 1). Other observations also indi-
cate that the S. Typhi-containing vacuole 
exhibits features common to LRO. For 
example, LRO and the S. Typhi vacuole 
contain lysosomal glycoproteins, such 
as LAMP-1 and LAMP-2, and lack the 
mannose-6-phosphate receptor, but, in 
contrast to lysosomes, they contain a 
specific set of soluble enzymes and trans-
membrane transporters.19,20 Based on 
shared components of the maturation 
pathway and membrane markers we thus 
propose that the compartment targeted 
by Salmonella in macrophages be consid-
ered a LRO. Intriguingly, intersecting the 
LRO pathway could represent a strategy 
for Salmonella to avoid to be targeted to 
lysosomes and degraded in macrophages.

Most Rab GTPases are highly con-
served across mammalian species. In con-
trast, Rab32 shows a significant degree of 
sequence variation among different mam-
mals, suggesting that it is under selective 
pressure and that its variation may have 
been driven by the action of virulence 
factors, such as the Salmonella effector 
GtgE, targeting this anti-microbial path-
way. This observation also implies that 
other pathogens may target this pathway. 
Consistent with this hypothesis, a recent 
genome-wide study reported that Rab32 
single nucleotide polymorphisms are asso-
ciated with increased susceptibility to 
Mycobacterium leprae infections.21 In addi-
tion, Rab32 is recruited onto the vacuole 
containing Mycobacterium tuberculosis.22 
All together these observations strongly 
suggest that Rab32 can also be involved 
in a host-defense mechanism acting on 
Mycobacterium species. In conclusion, our 
findings highlighted a Rab32-dependent 
anti-microbial mechanism targeting 
S. Typhi and possibly other pathogens in 
macrophages. They also underscored the 
critical role of a single bacterial effector in 
defeating a host-defense mechanism.
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