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The mammalian STE20-like kinases 1 and 2 (MST'1 and
MST?2) have been widely investigated with their identified
roles in the Hippo signaling pathway which regulates
organ size (1) through the regulation of the TAZ and YAP
effectors (2). While diverse cellular networks are impacted
by the Hippo signaling pathway, including diverse signaling
networks and global microRNA biogenesis (3,4), novel
functions for the MST proteins emerge upon proteolysis of
these kinases.

The activation of proteolytic pathways during apoptosis
intersects many signaling pathways where a variety of
kinases are cleaved (5), which leads to alternative roles for
these kinases during cell death. An example of a kinases
which exhibits distinct cellular functions upon proteolysis
are MST1/2. Here we summarize the literature on the
caspase activated forms of the MST kinases and highlight
a recent report by Servas et al. (6) which reveals a novel
signaling axis involving caspase activated MST1 and the
anti-apoptotic casein kinase II (CK2).

The activation of the apoptotic program leading to the
activation caspases has been demonstrated to lead to the
cleavage of MST1. Two caspase cleavage sites have been
mapped in MST1 (Figure 14) where cleavage at D326
(7,8) and D349 (9) have been reported to generate the
N-terminal 36 kDa and 40 kDa fragments respectively.
Cleavage at D326 has been reported to be a result of the
activity of either caspase-3 or caspase-9, while caspase-6 and
caspase-7 exhibit cleavage at both sites (9). Nonetheless, it
has been reported that the autophosphorylation at S327 of
MST1 limits the cleavage at this site by caspases, with the
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exception of caspase-3 which does not exhibit significantly
attenuated activity for D326 upon autophosphorylation
of S327 (10). This last point highlights the interplay
between phosphorylation and proteolytic pathways that is
emerging to be a widely occurring theme of the apoptotic
program (11).

While MST1 and MST2 are typically considered to
be redundant kinases as a result of their high sequence
homology (78% identity) only one caspase cleavage
site is conserved in MST2 (Figure 1B). Like MST1,
MST?2 also exhibits caspase dependent cleavage during
apoptosis (12). While MST?2 also has a conserved serine in
the P1’ position, the potential for this being a regulatory
autophosphorylation site that may regulate caspase cleavage
has yet to be investigated.

Caspase cleavage of MST1 separates the N-terminal
kinase domain from the C-terminal inhibitory and
dimerization domains (13) (Figure 1A), releasing the kinase
domain from autoinhibition. The MST1 C-terminal
fragment contains a coiled-coil dimerization domain
known as the Salvador Ras association (RA) domain family
(RASSF)-Hippo (SARAH) domain (14). In addition, the
C-terminal fragment contains the autoinhibitory domain
(amino acids 331-394) that prevents the access of substrates
to the MST1 kinase active site until a conformational
change is induced to enable substrate access to the active
site (13). The loss of the C-terminal regulatory domain,
containing nuclear export signal sequences, leads to the
nuclear localization of the N-terminal catalytic domain
of MST1 (15) and the induction of cellular processes
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Figure 1 MST1 cleavage and phosphorylation. (A) Schematic representation of MST1 and its cleavage by caspases. Full-length Mstl
possesses an N-terminal kinase domain, an autoinhibitory domain, and a C-terminal dimerization (SARAH) domain. In addition to the
indicated caspase cleavage sites, the autophosphorylation site at S327 is indicated along with the recently identified phosphorylation site
by CK2 (S320). Reported targets for phosphorylation by the N-terminal domain of MST1 are indicated by black arrows along with the
inhibition of AKT by both the N- and C-terminal domains. As the N-terminal domain of MST1 phosphorylates the indicated histones and
CK2 is known to phosphorylate diverse nucleosome and DNA binding proteins, there may be potentally significant cross talk between the
activity of these kinases; (B) conservation of sequence between MST1 and MST?2 for the site of CK2 phosphorylation and caspase cleavage,

in addition to the site for autophosphorylation at the P1’ of the caspase cleavage site. Residues are colored with the Lesk color scheme.

associated with apoptosis, such as chromatin condensation
(7,15,16). In line with the observed chromatin changes
as a result of cleaved MST1, identified cellular targets of
cleaved MST1 include the phosphorylation of histones
H2B and H2AX (17). In addition, the 40 kDa fragment
of MST1 has been reported to phosphorylate JNK and
p38 while the 38 kDa fragment phosphorylates ERK (18).
In addition to contributing positively to the apoptotic
program, additional levels of complexity of this proteolytic/
phosphorylation signaling axis have also been reported. The
cleaved N- and C-terminal fragments of MST1 have also
been demonstrated to function in the inhibition of AKT (19)
and thus also appears to prevent the inhibition of apoptosis
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by the activity of AK'T (Figure 1A).

A recent report by Servas et 4l. (6) has identified that
the anti-apoptotic CK2 kinase phosphorylates both full
length and cleaved MST1 at S320. This observation is
not entirely unexpected with CK2 being a prolific kinase
with hundreds of known cellular targets (20), nonetheless
this discovery leads to potential implications for cross
talk between these signaling pathways. While this site of
phosphorylation on MST1 by CK2 is in close proximity to
the site of caspase cleavage at D326, investigations revealed
that this phosphorylation S320 does not impact MST1
cleavage by caspase-3. Whether this phosphorylation
impacts the cleavage by other caspases remains to be
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determined. In addition to the phosphorylation of MST1
by the CK2 holoenzyme, this work demonstrates the
ongoing association of these kinases in cells as determined
by biochemical fractionations, immunofluorescence and
proximity dependent ligation assays.

Furthermore, the resulting function of MST1
phosphorylation and CK2 association remains to be
investigated. The PDX1 phosphorylation by MST was
demonstrated to be insensitive to the activity of CK2 in in
vitro assays. As suggested by the authors, while there was no
change to the inherent kinase activity of MST'1 i vitro upon
phosphorylation and binding by CK2, these interactions
may alter substrate recognition in vive. This scenario may
be of particular relevance with regards to nucleosome and
other DNA binding proteins (Figure 1A) as both of these
kinases as known to phosphorylate these proteins.

While not investigated in this report, it is likely that the
same phosphorylation by CK2 is conserved in MST?2 as a
result of the sequence conservation between these proteins
(Figure 1B).

Overall, this reported interaction between MST1 and
its caspase cleaved form with CK2 provides insight into
the increasing complex networks of phosphorylation and
proteolytic signaling networks and may demonstrate to
impact the signal axis of both of these kinases.
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