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When the plasma membrane (PM) of eukaryotic cells is 
wounded by mechanical damage or by bacterial toxins, the 
wound is normally repaired within seconds by mechanisms 
triggered by the influx of extracellular Ca2+. A key mechanism 
for such repair is the fusion of lysosomes or late endosomes 
(for simplicity, referred to here as lysosomes) with the damaged 
area (Reddy et al., 2001). These lysosomes are located near 
the PM and are believed to fuse at multiple points around the 
lesion (Andrews et al., 2014). Like other cellular membrane- 
fusion events, such fusion requires specific SNA RE proteins to 
pair with each other on the lysosome and the PM (Rao et al., 
2004). Fusion is controlled by a Ca2+-sensing SNA RE interact-
ing protein in the lysosome membrane called synaptotagmin 
VII (Reddy et al., 2001).

Although lysosomes predominantly localize to the peri-
nuclear region of most cells, a minor population of these degra-
dative organelles can be found near the PM, where they can be 
rapidly mobilized to repair membrane wounds. Thus, mecha-
nisms must exist for translocating lysosomes to the cell periph-
ery and for anchoring them there for use in repairing the PM. The 
transport of lysosomes along microtubules, powered by mem-
bers of the kinesin family of microtubule motors, has recently 
been shown to constitute an important mechanism for their 
long-range transport toward the PM (Korolchuk et al., 2011; 
Rosa-Ferreira and Munro, 2011; Pu et al., 2015; Raiborg et al., 
2015). However, given the abundance of actin filaments under-
lying the PM, actin motors are also likely to play a key role in 
controlling the transport of PM-proximal lysosomes to the PM.

Vesicle transport, including vesicle attachment to motor 
proteins and their tethering to target membranes, is known to 
be controlled by small GTPases of the Rab family (Zhen and 
Stenmark, 2015). With regard to the positioning of lysosomes 
and related organelles, Rab7a promotes the attachment of Ki-
nesin-1 to lysosomes and controls their transport to the cell 
periphery (Raiborg et al., 2015), whereas Rab27a and Rab27b 
promote the actin-dependent exocytosis of lysosome-related or-
ganelles, such as melanosomes and T cell cytotoxic granules 
(Fukuda, 2013). However, the involvement of the Rab GTPases 

in lysosome-mediated PM repair has not been addressed. In this 
issue, Encarnação et al. screened siRNAs that target human Rab 
GTPases to identify Rabs involved in translocating lysosomes to 
the PM in response to the Ca2+ ionophore ionomycin and in the 
repair of PM holes caused by the bacterial toxin Streptolysin-O 
(Encarnação et al., 2016). One of the most prominent hits in this 
screen was Rab3a, a GTPase previously characterized mainly in 
the regulation of Ca2+-induced exocytosis of synaptic vesicles 
in neurons and of dense-core vesicles in endocrine cells (Gep-
pert et al., 1994; Johannes et al., 1994). Even though Rab3a is 
predominantly expressed in neurons and endocrine tissues, En-
carnação et al. (2016) were able to detect its expression in HeLa 
cells and melanocytes. In these cells, they observed that a minor 
fraction of ectopically expressed Rab3a localizes to lysosomes, 
although most of the protein localizes to the Golgi complex.

How does Rab3a control lysosome positioning and PM 
repair? In general, Rab GTPases control vesicular traffic by 
recruiting effector proteins that bind exclusively to the GTP-
bound, active form of the GTPase (Zhen and Stenmark, 2015). 
Previous studies have revealed several effectors for Rab3a, and 
when investigating the possible involvement of these in PM re-
pair, Encarnação et al. (2016) observed that shRNA-mediated 
silencing of synaptotagmin-like protein 4-a (Slp4-a) causes the 
perinuclear clustering of lysosomes and the inhibition of PM 
repair. The authors also used coimmunoprecipitation experi-
ments to identify a novel effector of Rab3a, nonmuscle myosin 
heavy chain IIA (NMH CIIA), an actin-based motor. As with 
Rab3a and Slp4-a, NMH CIIA is required to position lysosomes 
close to the PM. NMH CIIA has both contractile and structural 
(actin-bundling) roles, and Encarnação et al. (2016) speculate 
that it is the latter function that is relevant to PM repair. They 
propose that Rab3a recruits NMH CIIA to lysosomes to asso-
ciate lysosomes with the cortical actin cytoskeleton; when a 
damage-induced Ca2+ influx occurs, the actin cytoskeleton reor-
ganizes to allow lysosomes to be tethered to the PM, a process 
possibly mediated by Slp4-a. Because Slp4-a is not required for 
Rab3a and NMH CIIA to interact with each other, the two effec-
tors probably function sequentially (Encarnação et al., 2016).

The identification of Rab3a and its effectors Slp4-a and 
NMC HIIA as regulators of lysosome positioning and PM repair 
represents a significant advance in our understanding of how 
lysosomes are mobilized to PM wounds. It is now becoming 
clear that Rab3a plays a key role in diverse exocytic processes, 
such as synaptic vesicle exocytosis, hormone release, and now 
PM sealing, and that the underlying mechanisms are variations 

Lysosomes fuse with the plasma membrane to help repair 
membrane lesions, but how they are positioned close to 
these lesions is not fully understood. Now, Encarnação et 
al. (2016. J.  Cell Biol. http ://dx .doi .org /10 .1083 /jcb 
.201511093) demonstrate that the lysosomal GTPase 
Rab3a and its effectors orchestrate lysosome positioning 
and plasma membrane repair.
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on a theme in which the GTPase recruits a small set of effectors. 
The Rab3 proteins (including the a, b, c, and d isoforms) and the 
Rab27 proteins (the a and b isoforms) form their own branch 
of the Rab family tree (Diekmann et al., 2011), which has an 
evolutionarily conserved role in Ca2+-regulated secretion. Fig. 1 
summarizes the Rab-protein mediated mechanisms involved in 
the exocytosis of lysosomes and various related organelles.

The exocytosis of melanosomes, which mediates the trans-
fer of the pigment melanin from melanocytes to keratinocytes, 
involves the translocation of melanosomes to the PM driven by 
the actin motor Myosin Va. The motor is attached to the mela-
nosome via the Rab27a effector Mlph, an adaptor that connects 
to Rab27 in the melanosome membrane (Fig. 1; Strom et al., 
2002). Another Rab27 effector, Slp2-a, is involved in tethering 
the melanosome to the PM (Kuroda and Fukuda, 2004; Fukuda, 
2006). A similar mechanism is involved in the exocytosis of 
multivesicular endosomes, which leads to exosome release (Os-
trowski et al., 2010), and to the exocytosis of lysosome-related 
organelles, such as T cell cytotoxic granules, which kill target 
cells (Stinchcombe et al., 2001). As with melanosome exocyto-
sis, these processes involve Rab27, Mlph, Myosin Va, Slp2-a, 
and also Slp1 and Slp4-a (Fukuda, 2013). Given the new find-
ings on Rab3a and its effectors, one can speculate about Rab3a 
functions that parallel those of Rab27. Even though Myosin IIA 
has primarily been assigned functions in tension-related cellular 
processes, such as cytokinesis and cell migration, this myosin 
has also been found to facilitate vesicle trafficking required for 
PM repair (Lin et al., 2012). It could therefore be involved in the 
actin-based motility of Rab3a-positive lysosomes close to the 
PM. Given the similarity of Slp4-a to Slp-2a and the involve-
ment of Slp proteins in tethering lysosome-related organelles to 
the PM (Fukuda, 2006), it is also plausible that Slp4-a, bound 
to the lysosome via Rab3a, could mediate the tethering of the 
lysosome to the PM during PM repair (Fig. 1).

Further studies of Rab3a will reveal how these proteins 
function together in PM repair. It will be interesting to learn more 
about these molecular mechanisms and to compare them to other 
Rab3a-regulated exocytic processes, including synaptic vesicle 
release, dense-core vesicle exocytosis, and acrosome exocytosis 
(Geppert et al., 1994; Johannes et al., 1994; Yunes et al., 2000).
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