bioRxiv preprint doi: https://doi.org/10.1101/182204; this version posted August 30, 2017. The copyright holder for this preprint (which was not
certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission.

TRIP6 inhibits the Hippo signaling pathway in response to
tension at adherens junctions
Shubham Dutta1, Sebastian Mana-Capelli1, Murugan Paramasivam1, Ishani
Dasgupta1, Heather Cirka2, Kris Billiar2, and Dannel McCollum1
1

Department of Biochemistry & Molecular Pharmacology, University of
Massachusetts Medical School, Worcester, MA, 01605
2
Department of Biomedical Engineering, Worcester Polytechnic Institute,
Worcester, MA, 01609

Address correspondence to: Dannel McCollum, University of Massachusetts
Medical School, 364 Plantation Street, Worcester, MA, 01605. Tel.: (508) 8568767. E-mail: dannel.mccollum@umassmed.edu

bioRxiv preprint doi: https://doi.org/10.1101/182204; this version posted August 30, 2017. The copyright holder for this preprint (which was not
certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission.

Abstract
The transcriptional co-activator YAP controls cell proliferation, survival, and
tissue regeneration in response to changes in the mechanical environment. It is
not known how mechanical stimuli such as tension are sensed and how the
signal is transduced to control YAP activity. Here we show that the LIM domain
protein TRIP6 acts as part of a mechanotransduction pathway at adherens
junctions to promote YAP activity by inhibiting the LATS1/2 kinases. Previous
studies showed that vinculin at adherens junctions becomes activated by
mechanical tension. We show that vinculin inhibits Hippo signaling by recruiting
TRIP6 to adherens junctions and stimulating its binding to and inhibition of
LATS1/2 in response to tension. TRIP6 competes with MOB1 for binding to
LATS1/2 thereby blocking MOB1 from recruiting the LATS1/2 activating kinases
MST1/2. Together these findings reveal a novel mechanotransduction cascade
that transduces tension signals sensed at adherens junctions to control Hippo
pathway signaling.
Introduction
Tissue architecture and mechanical forces are major regulators of cell
proliferation, and they play important roles during development, organ growth,
and tissue regeneration (Heller and Fuchs, 2015; Huang and Ingber, 1999;
Mammoto et al., 2013). The cytoskeleton, extracellular matrix, and cell-cell
adhesion are critical for transmitting force between cells and across tissues
(Vogel and Sheetz, 2006). The Hippo signaling pathway is a major regulator of
cellular responses to mechanical inputs (Halder et al., 2012; Sun and Irvine,
2016). The core Hippo pathway (Meng et al., 2016) consists of two kinase
modules: the first includes several Ste20-superfamily kinases (MST1/2 are the
best characterized), which phosphorylate and activate the LATS1/2 kinases.
MST1/2 phosphorylation of LATS1/2 is mediated by MOB1, which promotes
association of MST1/2 with LATS1/2. LATS1/2 then phosphorylate and inhibit the
transcriptional co-activator YAP (and its homolog TAZ) by causing it to be
sequestered in the cytoplasm or degraded. When in the nucleus, YAP associates
with transcription factor TEAD to upregulate genes responsible for survival,
proliferation, and stem cell maintenance. The growth promoting properties of
YAP are frequently co-opted by cancer cells, in which YAP is often activated and
overexpressed (Yu et al., 2015). Although the activity of both LATS1/2 and YAP
are clearly regulated by mechanical inputs, how those inputs are sensed and the
signals are transduced remain obscure.
Experiments in Drosophila and mammalian cells revealed that Hippo pathway
regulation of YAP is controlled by mechanical tension (Aragona et al., 2013;
Benham-Pyle et al., 2015; Codelia et al., 2014; Rauskolb et al., 2014). When
cells experience high mechanical tension, YAP localizes to the nucleus and
promotes cell proliferation. Conversely, low tension causes YAP to exit the
nucleus and cells to arrest growth. Transmission of tension across tissues
requires cell-cell adhesion such as that provided by cadherins (Mui et al., 2016).
Tension experienced by cells can be generated by the cells themselves through
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actomyosin stress fibers or by externally imposed stretch or force (Halder et al.,
2012). Studies in Drosophila indicate that tension within tissues decreases as cell
density increases, and hence tension sensing could contribute to densitydependent inhibition of cell growth, a property that is typically lost in cancer cells
(Rauskolb et al., 2014). Perturbation of stress fibers, externally applied stretch,
and cell density all modulate LATS1/2 and YAP activity; however, the sensors
are not known. In Drosophila, the LIM domain protein Ajuba inhibits Warts (the
LATS1/2 homolog) and recruits it to adherens junctions in a tension-dependent
manner (Rauskolb et al., 2014). The mechanism by which Ajuba regulates Warts
activity is not clearly understood, and reports have differed regarding whether
Ajuba-related proteins function similarly in mammals (Codelia et al., 2014;
Jagannathan et al., 2016). Here we show that the human LIM domain protein
TRIP6 acts as part of a mechanotransduction cascade at adherens junctions to
regulate LATS1/2 in response to mechanical tension at cell-cell junctions.
RESULTS
TRIP6 activates YAP through inhibition of LATS1/2
Although TRIP6 is overexpressed in various cancers where it promotes
proliferation and invasion (Chastre et al., 2009; Fei et al., 2013; Grunewald et al.,
2013), prior studies had not connected TRIP6 to the Hippo signaling pathway.
We previously identified TRIP6 as one of several LATS2 binding partners using
tandem affinity purification and mass spectrometry (Paramasivam et al., 2011).
Here, to validate the LATS2-TRIP6 interaction, we performed coimmunoprecipitation experiments. LATS2 was pulled down in TRIP6
immunoprecipitates when both proteins were overexpressed (Figure 1A). In
addition, endogenous LATS1 was present in TRIP6 immune complexes isolated
from MCF10A cells (Figure 1B). Like its related family members (Zyxin, LPP,
Ajuba, WTIP, and LIMD1), the carboxy-terminal half of TRIP6 consists of 3
conserved LIM domains (Figure 1A). Truncation experiments showed that LATS2
binding maps to the C-terminal LIM domain half of TRIP6 (Figure 1A). We next
tested which parts of LATS2 interacted with TRIP6. TRIP6 bound to the Nterminal region of LATS2 and specifically interacted with two segments (amino
acids 376-397 and 625-644) (Figure 1C). This finding is highly reminiscent of
previous findings with Ajuba and Zyxin (Abe et al., 2006; Hirota et al., 2000).
To determine whether TRIP6 regulates LATS1/2 activity, we examined the
effects of TRIP6 overproduction and loss of function. Overproduction of TRIP6 in
HEK293A cells reduced endogenous LATS1/2 activity as judged by probing the
two sites of activating phosphorylation on LATS1/2, T1079 and S909 (for LATS1,
T1041 and S872 for LATS2) (Figure 1D & F) (note that T1079 is phosphorylated
by MST1/2 and S909 is an autophosphorylation site). In contrast, TRIP6
overexpression did not affect MST2 activating phosphorylation (Figure 1H),
suggesting that TRIP6 may regulate the ability of LATS1/2 to be phosphorylated
by MST1/2. CRISPR mediated deletion of TRIP6 in HEK293A cells (Figure 1E &
G) or shRNA mediated knockdown of TRIP6 in MCF10A cells (Figure S1A)
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increased LATS1/2 activating phosphorylation levels. Together these results
show that TRIP6 acts to inhibit LATS1/2 activity.
Because LATS1/2 phosphorylate and inhibit YAP nuclear localization, stability,
and activity, we tested the effect of modulating TRIP6 levels on YAP.
Overexpression of TRIP6 in HEK293A cells inhibited LATS1/2 phosphorylation of
YAP on S127 (Figure 1D & F) and increased expression of YAP target genes
(Figure 1I). In contrast, reduced levels of TRIP6 inhibited YAP function.
Specifically, shRNA mediated knockdown of TRIP6 in MCF10A cells reduced
expression of YAP target genes (Figure S1B), and diminished YAP nuclear
localization (Figure S1C). These cells also had reduced levels of YAP protein
(Figure S1D), presumably caused by LATS1/2 phosphorylation dependent
degradation (Liu et al., 2010; Zhao et al., 2010). TRIP6∆ HEK293A cells showed
increased YAP S127 phosphorylation (Figure 1E & G), reduced expression of
YAP target genes (Figure 1J), and reduced YAP nuclear localization (Figure 1K).
Our observation that MCF10A, but not HEK293A, cells had reduced levels of
YAP when TRIP6 was depleted (or eliminated) may reflect cell type differences in
YAP degradation in response to LATS1/2 dependent phosphorylation. The
TRIP6∆ HEK293A cells also displayed a defect in cell-cell adhesion as judged by
the presence of frequent gaps between cells even at high density that were not
observed in parental HEK293A cells (Figure 1K, S1E). The cell-cell adhesion
and YAP localization defect in TRIP6∆ HEK293A cells was rescued by reexpression of TRIP6 (Figure S1E-F). MCF10A cells knocked down for TRIP6
with shRNA did not show obvious cell-cell adhesion defects perhaps due to the
presence of residual TRIP6. Overall, these results show that TRIP6 inhibition of
LATS1/2 promotes YAP activity.
TRIP6 inhibits LATS1/2 by blocking binding to MOB1
We next investigated the mechanism for how TRIP6 inhibits LATS1/2. TRIP6related LIM domain proteins have been shown to bind and inhibit LATS (Abe et
al., 2006; Das Thakur et al., 2010; Hirota et al., 2000; Rauskolb et al., 2011;
Rauskolb et al., 2014; Reddy and Irvine, 2013), however, it is not clear how they
regulate LATS1/2 activity. Although zyxin was shown to promote degradation of
LATS1/2 in response to hypoxia (Jagannathan et al., 2016), we did not observe
any changes in LATS1 levels when TRIP6 levels were altered suggesting that
TRIP6 uses a different mechanism. Because one of the TRIP6 binding sites in
LATS2 (amino acids 625-644) overlaps with the binding site for its activator
MOB1 (amino acids 595-662)(Ni et al., 2015), we wondered if TRIP6 and MOB1
compete for binding to LATS1/2. This mechanism would be consistent with our
observations that TRIP6 inhibits the ability of MST1/2 to phosphorylate LATS1/2,
because MOB1 activates LATS1/2 by promoting its association with and
phosphorylation by MST1/2 (Ni et al., 2015). We first examined if TRIP6 could
inhibit LATS1/2-MOB1 binding in vivo. We found that TRIP6 overexpression
reduced LATS2-MOB1A association in HEK293 cells (Figure 2A). To determine
whether TRIP6 directly competes with MOB1A for binding to LATS2, competition
experiments were carried out using purified recombinant proteins. Initial results
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demonstrated that GST-TRIP6 bound directly to MBP-LATS2 but not MBP alone
(Figure 2B, compare lanes 1 and 3). Competition experiments showed that
MOB1A could compete with TRIP6 for binding to LATS2. 6HIS-MOB1A bound to
MBP-LATS2 and inhibited GST-TRIP6 binding, with the highest levels of MOB1A
reducing TRIP6-LATS2 binding to background levels (Figure 2B, lanes 3-6).
Addition of non-specific competitor (BSA), at the same level as the highest
amount of MOB1A used (Figure S2), did not cause any reduction in TRIP6LATS2 binding (Figure 2B, lane 7). Together these results show that that TRIP6
and MOB1 compete for binding to LATS2 and that TRIP6 likely inhibits LATS1/2
activity at least in part by blocking MOB1 binding.
TRIP6 modulates LATS1/2 activity and localization in response to tension
at cell-cell junctions.
To investigate what regulatory inputs might control TRIP6 inhibition of LATS1/2,
we examined the localization of each protein. Endogenous TRIP6 and LATS1 colocalize to cell-cell junctions in MCF10A (Figure 3A, S3A) and to a lesser extent
in HEK293A (Figure S3B) cells. Although we have been unable to find LATS2
antibodies capable of detecting the endogenous protein, GFP-LATS2 fusions
also localize to cell-cell junctions (Paramasivam et al., 2011). TRIP6 has been
previously reported to localize to both cell-cell junctions (adherens junctions)
(Guo et al., 2014) and to focal adhesions (Wang et al., 1999; Zhao et al., 1999).
Although we could faintly observe TRIP6 at focal adhesions in MCF10A cells at
low density or at the edge of monolayers, at densities typically used in this study
(confluent but still proliferating), TRIP6 was primarily at adherens junctions, and
we saw little focal adhesion staining for TRIP6 or the focal adhesion marker FAK
(Figure S3C). LATS1 was not observed at focal adhesions in MCF10A cells at
any density (data not shown). We next assessed the mutual dependence of
LATS1 and TRIP6 localization. Knockdown of TRIP6 in MCF10A cells (Figure
3A; S3D) reduced localization of LATS1 to cell junctions. Deletion of TRIP6 in
HEK293A cells (Figure S3B) also caused reduced localization of LATS1 to cellcell junctions, although because of the reduced cell-cell adhesion in these cells, it
is possible that effects on LATS1 localization could be due to defects in cell-cell
junctions. When LATS1/2 were knocked down (depleted) in MCF10A cells,
TRIP6 remained at cell-cell junctions (Figure 3B; S3E), but its localization was
more punctate and less smooth, possibly reflecting a transition to a more
mesenchymal state (Zhang et al., 2008). Together these results show that TRIP6
and LATS1/2 affect each other’s localization and that TRIP6 may recruit LATS1/2
to cell junctions.
We next examined whether recruitment of TRIP6 and LATS1 to cell junctions is
regulated by stimuli that control LATS1/2 activity. Both TRIP6 and LATS1
localized to cell-cell junctions in cells that were confluent but still proliferating.
However, in highly dense non-proliferating cells TRIP6 and LATS1 no longer
localized to cell-cell junctions (Figure 3C, S3B), despite unchanged levels of both
proteins (Figure 3D). Interestingly we also observed a reduction in TRIP6-LATS1
binding in MCF10A cells at high cell density (Figure 3D), consistent with the

bioRxiv preprint doi: https://doi.org/10.1101/182204; this version posted August 30, 2017. The copyright holder for this preprint (which was not
certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission.

increased LATS1/2 activity observed under these conditions (Meng et al., 2015).
How cell density controls TRIP6-LATS1/2 binding and localization is not clear.
However, a study in Drosophila tissue showed that tension at cell-cell junctions is
reduced as cell density increases (Rauskolb et al., 2014). Therefore, we tested
whether increasing tension at cell-cell junctions in dense cultures would restore
localization of TRIP6 and LATS1 to cell-cell junctions. To do this, we examined
TRIP6 and LATS1 localization in dense cultures grown on flexible PDMS
substrates before and after static stretch for 2 hours. We observed that stretch
increased TRIP6-LATS1 binding (Figure 3E), localization of both proteins to cellcell junctions (Figure 3F), and YAP activity (Figure S3F). Both tension dependent
recruitment of LATS1 to cell-cell junctions and YAP activation in dense
monolayers following stretch depended on TRIP6 (Figure 3G-H). Together these
results show that tension can trigger YAP activation through TRIP6 by increasing
TRIP6 recruitment to cell-cell junctions, and TRIP6 binding to LATS1.
We also tested whether loss of tension across confluent (but not dense)
monolayers of cells could trigger loss of LATS1-TRIP6 binding and colocalization at cell-cell junctions. Treatments that inhibit stress fibers such as type
II myosin inhibition (Blebbistatin), Rho kinase inhibition (Y27632), or serum
starvation are known to reduce tension at cell junctions (Yonemura et al., 2010).
All of these treatments inhibited both LATS1-TRIP6 binding and cell-cell junction
localization, as did complete elimination of F-actin using Latrunculin B (Figure
4A-C, S4A). These treatments (with the exception of Latrunculin B) did not
obviously affect cell-cell adhesion and E-cadherin localization (Figure S4B). To
reduce tension at cell junctions by blocking force transmission between cells, we
disrupted cadherin complexes by treating cells with EGTA and found that this
treatment also inhibited LATS1-TRIP6 binding and localization to cell-cell
junctions (Figure 4A-C, S4A). Together these observations suggest that TRIP6
responds to tension at cell-cell junctions to regulate LATS1 and YAP activity.
TRIP6 is a part of the mechanosensory complex at adherens junctions
We next investigated whether TRIP6 could be part of a mechano-sensing
complex at cadherin-catenin based adherens junctions (Huveneers and de Rooij,
2013). Previous studies showed that TRIP6 localizes to adherens junctions, and
its association with the cadherin complex is dependent on engagement between
the extra-cellular domains of cadherins on neighboring cells (Guo et al., 2014).
How TRIP6 interacts with the cadherin complex is not known. Interestingly, two
high throughput two-hybrid studies detected a binding interaction between TRIP6
and the adherens junction protein vinculin (Rual et al., 2005; Yu et al., 2011).
Consistent with the high throughput studies, we detected vinculin in TRIP6
immune-complexes (Figure 5A). Vinculin and TRIP6 are known to respond to
mechanical cues at focal adhesions (Bays and DeMali, 2017; Kuo et al., 2011;
Schiller et al., 2011) and vinculin localization to adherens junctions depends on
myosin contractile activity (Yonemura et al., 2010). As with TRIP6, we observed
vinculin at focal adhesions in MCF10A cells at low density or at the edge of
monolayers, but at densities used in this study (confluent but still proliferating),
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vinculin was concentrated at adherens junctions (Figure S5A). Thus, we infer
that TRIP6 is primarily interacting with vinculin at adherens junctions under these
conditions. At high cell density vinculin localization to adherens junctions was
lost, but could be restored by stretch (Figure 5B-C), as observed for TRIP6 and
LATS1. Vinculin localization to adherens junctions and binding to TRIP6 is
reduced by treatments that disrupt tension (Figure 5B, 5D, S5B). In addition,
when vinculin levels were reduced by siRNA, TRIP6-LATS1 binding and
localization to cell-cell junctions were inhibited (Figure 5E-F; S5C-D). Depletion
of vinculin also reduced YAP nuclear localization and activity (as judged by
reduction in YAP target gene (CTGF and Cyr61) expression in MCF10A cells
(Figure 5G-H). This same effect on YAP was observed using two different
siRNAs (Figure S5E-F). Knockdown of vinculin in HEK293A cells also reduced
YAP activity (S5G) and this reduction could be rescued by expression of vinculin
(Figure S5G-H). Together these results show that tension stimulates vinculin
recruitment to adherens junctions and binding to TRIP6. Vinculin promotes
TRIP6-LATS1/2 binding and localization to adherens junctions to control YAP
activity in response to changes in tension across tissues.
Discussion
This study provides new insight into the mechanism by which mechanical forces
regulate cell growth and proliferation decisions via the Hippo signaling pathway.
In particular, we report that the LIM domain protein TRIP6 functions as an
intermediate between the LATS1/2 protein kinases, which transmit signals to
YAP, and the mechano-responsive protein vinculin at the adherens junctions.
Previous studies have shown that YAP activity can be stimulated by tension
(Aragona et al., 2013; Benham-Pyle et al., 2015; Codelia et al., 2014; Rauskolb
et al., 2014), however, the upstream signaling pathways remained uncertain. We
found that tension stimulates TRIP6 binding to LATS1/2, and, once bound,
TRIP6 inhibits LATS1/2 activity, reminiscent of work in Drosophila showing that
the Ajuba LIM domain protein activates Yki (the YAP homolog) by inhibiting
Warts (the LATS1/2 homolog) in response to tension (Rauskolb et al., 2014).
Furthermore, we identified a specific molecular mechanism for how TRIP6
inhibits LATS1/2. We discovered that TRIP6 competes with MOB1 for binding to
LATS1/2. MOB1 promotes LATS1/2 activation by scaffolding interactions
between the LATS1/2 activating kinase MST1/2 and LATS1/2. The competition
we observe between TRIP6 and MOB1 for binding to LATS1/2 is consistent with
our other results showing TRIP6 interferes with MST1/2 phosphorylation of
LATS1/2. This mechanism may be relevant for other LIM domain proteins that
bind to a similar region of LATS1/2 (Abe et al., 2006; Hirota et al., 2000), and
could function in conjunction with other proposed mechanisms for how LIM
domain proteins inhibit LATS1/2 (Jagannathan et al., 2016; Ma et al., 2016; Sun
et al., 2015).
Our studies identified vinculin as acting upstream of TRIP6. Both TRIP6 and
vinculin loss of function inhibits YAP activity, vinculin binds TRIP6, and is
required to recruit TRIP6 and LATS1/2 to adherens junctions and promote their
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binding to each other. It is not clear how vinculin promotes TRIP6-LATS binding,
but one possibility is that vinculin directly or indirectly causes a conformational
change in TRIP6 to allow it to bind LATS1/2. Vinculin itself responds to
mechanical tension at adherens junctions since both vinculin localization to
adherens junctions and vinculin-TRIP6 binding is dependent on mechanical
tension. Previous studies have shown that vinculin is recruited to adherens
junctions by α-catenin, which responds directly to mechanical tension. Alphacatenin binding to vinculin stabilizes its open conformation allowing it to bind
actin and possibly other effectors like TRIP6 (Choi et al., 2012; Huveneers and
de Rooij, 2013; Twiss et al., 2012; Yonemura et al., 2010). The open
conformation of vinculin induced by α-catenin may stimulate vinculin binding to
TRIP6. If this was the case then one would expect α-catenin and vinculin loss of
function to have similar effects on YAP activity. However, previous studies
showed that α-catenin loss of function stimulates YAP activity (Kim et al., 2011;
Schlegelmilch et al., 2011; Silvis et al., 2011), in contrast to the increased YAP
activity we observe when vinculin is knocked down. This apparent discrepancy
could be resolved if adherens junctions and α-catenin had different functions in
cells at lower density (higher tension) compared to cells at high density (low
tension). It should be noted that the earlier studies showing α-catenin acting as
an inhibitor of YAP were done at high cell density where tension would be low
and vinculin and TRIP6 would not be at adherens junctions. At lower cell density,
when cells are confluent but still proliferating (and presumably under more
tension), α-catenin may recruit vinculin to adherens junctions to enhance YAP
activity (via TRIP6 inhibition of LATS1/2) and drive cell proliferation. Thus, as cell
density increases and tension decreases the vinculin-TRIP6 system turns off,
and the YAP inhibitory function of adherens junctions could become dominant. It
will be interesting in the future to determine how these two systems interact with
each other to tune YAP regulation in response to changes in cell density and/or
tension. In summary, we showed that TRIP6 acts as an intermediary connecting
tension monitoring at adherens junctions to Hippo signaling, which has
implications for how tension contributes to growth of organs and tissues during
development, tissue repair during injury and to pathological conditions such as
cancer.
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Figure Legends.
Figure 1.
TRIP6 promotes YAP activity by inhibiting LATS1/2 (A) Full length (WT), the
amino-terminal half (1-277), or the carboxy-terminal half (278-476) of TRIP6 were
tested for binding to LATS2 by immunoprecipitation. FLAG-TRIP6 variants were
co-expressed with LATS2-GFP in HEK293 cells, anti-FLAG or control (IgG)
antibodies were used to isolate immune complexes. Immune complexes and
lysates were probed by western blotting for LATS-GFP and FLAG-TRIP6.
Schematic diagram depicts TRIP6 domains (NES: Nuclear Export Signal). (B)
Lysates from MCF10A cells were subjected to immunoprecipitation using antiTRIP6 or control (IgG) antibodies, and immune complexes and lysates were
probed for TRIP6 and LATS1. (C) FLAG-TRIP6 was tested for binding to various
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LATS2-GFP deletion mutants as described in part (A). Schematic diagram of
LATS2 shows MOB1 binding domain, and the autophosphorylation (S872) and
MST1/2 phosphorylation sites (T1041) in the kinase domain. The regions marked
in green depict TRIP6 binding sites on LATS2 (D) Lysates from HEK293A cells
transfected with control or FLAG-TRIP6 plasmid were analyzed by western
blotting using the indicated antibodies (quantification is shown in (F)). (E) Lysates
from control (WT) or CRISPR generated TRIP6 null (TRIP6∆) HEK293A cells
were analyzed by western blotting using the indicated antibodies (quantification
shown in (G)). (F) The relative levels of LATS1 activating phosphorylation
(pLATS1-1079, 909) and YAP S127 inhibitory phosphorylation from (D) were
measured relative to LATS1 and YAP levels respectively. (Mean ± SD; n=3;
**P≤0.01, ***P≤0.001, T-test) (G) The levels of LATS1 activating phosphorylation
and YAP inactivating phosphorylation from part (E) were quantified (Mean ± SD;
n=3; *P≤0.05, T-test). (H) GFP-MST2 was expressed with or without FLAGTRIP6 in HEK293 cells and the levels of MST2, MST2 activating phosphorylation
(pMST2-T180), and FLAG-TRIP6 were measured by western blotting with the
indicated antibodies. (Mean ± SD; n=3; n.s.≥0.05, T-test). (I) TRIP6 was
overexpressed in HEK293A cells and the levels of TRIP6, and YAP target gene
expression was analyzed using RT-qPCR. (Mean ± SD; n=3; *P≤0.05, **P≤0.01,
****P≤0.0001, T-test). (J) The levels of YAP target gene expression was
analyzed using RT-qPCR in control (WT) and TRIP6∆ HEK293A cells. (Mean ±
SD; n=3; ***P≤0.001, T-test) (K) Control (WT) and TRIP6∆ HEK293A cells were
stained for YAP and TRIP6. Merged image shows YAP (green), TRIP6 (red), and
DNA (blue). Quantification of at least 100 cells is shown (Mean ± SD; n=3;
****P≤0.0001, Fisher’s test). Scale bar=20µm.
Figure 2.
TRIP6 competes with MOB1 for binding to LATS2. (A) LATS2-GFP and MOB1AMyc were overexpressed in HEK293 cells with or without co-overexpression of
FLAG-TRIP6. MOB1A-Myc was immunoprecipitated using anti-Myc antibodies
and assayed for MOB1A-Myc and LATS2-GFP levels. Levels of FLAG-TRIP6,
MOB1A-Myc, and LATS2-GFP in the lysate are also shown. The levels of
LATS2-GFP in immune complexes relative to the level of MOB1A-Myc are shown
in the graph (Mean ± SD; n=3; **P≤0.01, T-test) (B) Competitive binding
experiments were done using purified recombinant MBP-LATS2, GST-TRIP6,
and 6His-MOB1A. MBP-LATS2 bound to maltose beads was incubated with
GST-TRIP6 with or without increasing amounts of 6His-MOB1A, and the levels of
each protein bound to MBP-LATS2 on the beads at the end of the experiment
was determined by western blotting. The levels of input proteins are shown
(lysate). The binding of 6His-MOB1A and GST-TRIP6 to MBP alone, and the use
BSA as a competitor instead of 6His-MOB1A are shown as controls. The
numbers at the bottom are referred to in the text.
Figure 3.
TRIP6-LATS binding and localization to cell-cell junctions is regulated by tension.
(A) MCF10A cells were infected with lentivirus carrying control shRNA (shEGFP),
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or a mix of two different shRNA against TRIP6 (shTRIP6-1 and shTRIP6-4) and
were stained for TRIP6 and LATS1. Merged images show LATS1 (green), TRIP6
(red) and DNA (blue) (quantification of LATS1 localization at cell-cell junctions is
shown in Figure S3D). Scale bar=20µm. (B) LATS1 and LATS2 were knocked
down using siLATS1 and siLATS2 SMARTPools in MCF10A cells. MCF10A
control cells were treated with control siRNA (siControl) against fire fly luciferase.
Cells were stained for TRIP6 and LATS1 as in (A) (quantification of TRIP6
localization at cell-cell junctions is shown in Figure S3E). Scale bar=20µm. (C)
MCF10A cells were grown to high density, and were stained for TRIP6 and
LATS1 as in (A). Scale bar=20µm. (D) Cells were grown as in (C), then lysed and
anti-TRIP6 or control (IgG) antibodies were used to isolate immune complexes.
Immune complexes and lysates were probed by western blotting for LATS1 and
TRIP6. Quantification is shown. (Mean ± SD; n=3; *P≤0.05, T-test). (E) MCF10A
cells grown at high density on PDMS membranes and were stretched (or not) at
17% elongation for 2 hours and lysed while under tension. Anti-TRIP6 or control
(IgG) antibodies were used to isolate immune complexes. Immune complexes
and lysates were probed by western blotting for LATS1 and TRIP6.
Quantification is shown. (Mean ± SD; n=3; *P≤0.05, T-test). (F) Cells were
treated as in (E), fixed while under tension, and stained for TRIP6 and LATS1 as
in (A). Scale bar=20µm. (G) MCF10A cells infected with lentivirus carrying control
shRNA (shEGFP), or a mix of two different shRNA against TRIP6 (shTRIP6-1
and shTRIP6-4), were grown at high density on PDMS membranes and were
stretched or not (only stretched cells shown) at 17% elongation for 2 hours, fixed
while under tension, and were stained for TRIP6 and LATS1 as in (A). Scale
bar=20µm. (H) Cells were treated as in (G) and YAP target gene (CTGF and
Cyr61) and TRIP6 expression were analyzed using RT-qPCR. (Mean ± SD; n=3;
*P≤0.05, **P≤0.01, T-test).
Figure 4.
Perturbations of junctions and f-actin reduces TRIP6-LATS1 binding and
localization to cell-cell junctions. (A) MCF10A cells were either not treated or
treated separately with Latrunculin B, Blebbistatin, EGTA, serum starvation, and
Y27632, and were stained for TRIP6 and LATS1. Merged images show LATS1
(green), TRIP6 (red) and DNA (blue). Scale bar=20µm. (B) Cells were treated as
in (A), then lysed and anti-TRIP6 or control (IgG) antibodies were used to isolate
immune complexes. Immune complexes and lysates were probed by western
blotting for LATS1 and TRIP6. Quantification is shown. (Mean ± SD; n=3;
*P≤0.05, **P≤0.01, T-test).
Figure 5.
Vinculin regulates TRIP6-LATS1 interaction, localization, and YAP activity. (A)
MCF10A cells were lysed and anti-TRIP6 or control (IgG) antibodies were used
to isolate immune complexes. Immune complexes and lysates were probed by
western blotting for vinculin and TRIP6. (B) MCF10A cells were either not treated
(control) or treated separately by growth to high density, serum starvation,
Latrunculin B, Blebbistatin, EGTA, or Y27632 treatment, and stained using anti-
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vinculin antibodies by immunofluorescence. Scale bar=20µm. (C) MCF10A cells
grown at high density on PDMS membranes and were stretched (or not) at 17%
elongation for 2 hours and fixed while under tension and stained for vinculin.
Scale bar=20µm. (D) MCF10A cells were subjected to different treatments as
described in Figure 4A and TRIP6 immune complexes and lysates were probed
by western blotting for vinculin and TRIP6 (quantification is shown in Figure
S5B). (E) Vinculin was knocked down using two different siRNAs or control
siRNA in MCF10A cells and cells were stained for LATS1 and TRIP6. Merged
images show LATS1 (green), TRIP6 (red) and DNA (blue). Scale bar=20µm. (F)
Vinculin was knocked down as described in (E) and TRIP6 immune complexes
and lysates were probed by western blotting for LATS1 and TRIP6 and the
relative levels quantified (Mean ± SD; n=3; **P≤0.01, T-test). (G) Vinculin was
knocked down as described in (E) and cells were stained for YAP and TRIP6.
Merged image shows YAP (green), TRIP6 (red), and DNA (blue). Quantification
of at least 100 cells is shown (Mean ± SD; n=3; ***P≤0.001, Fisher’s test). Scale
bar=20µm. (H) Vinculin was knocked down as described in (E) and the levels of
vinculin and YAP target gene expression was analyzed using RT-qPCR (Mean ±
SD; n=3; ***P≤0.001, ****P≤0.0001, T-test).
Supplemental Figures
Figure S1.
TRIP6 knockdown in MCF10A cells activates hippo signaling and TRIP6∆
knockout cells are rescued by FLAG-TRIP6 expression. (A) Lysates from
MCF10A cells infected with control lentivirus (shEGFP) or lentivirus expressing
shRNA against TRIP6 (shTRIP6) were analyzed by western blotting using the
indicated antibodies, and the levels of LATS1 activating phosphorylation was
quantified (Mean ± SD; n=3; **P≤0.01, T-test). (B) MCF10A cells were infected
with lentivirus carrying control shRNA (shEGFP), or two different shRNA against
TRIP6 (shTRIP6-1, shTRIP6-4) and the levels of TRIP6 and YAP target gene
expression was analyzed using RT-qPCR (Mean ± SD; n=3; **P≤0.01,
***P≤0.001, T-test). (C) MCF10A cells were infected with lentivirus carrying
control shRNA (shEGFP), or a mix of two different shRNA against TRIP6
(shTRIP6-1 and shTRIP6-4) and were stained for YAP and TRIP6. Merged
image shows YAP (green), TRIP6 (red), and DNA (blue). Quantification of YAP
nuclear localization is shown (Mean ± SD; n=3; ****P≤0.0001, Fisher’s test).
Scale bar=20µm. (D) YAP, TRIP6 and tubulin levels were measured by western
blotting in MCF10A cells infected with lentivirus carrying control shRNA
(shEGFP), or shRNA against TRIP6 (shTRIP6-1) (Mean ± SD; n=3; **P≤0.01, Ttest). (E) Control (WT) and TRIP6Δ HEK293A cells were transfected with 200ng
of control and FLAG-TRIP6 plasmids. (Note that 200ng of FLAG-TRIP6 plasmid
restores approximate wild-type levels (see (F)) of TRIP6 expression). After 48
hours of transfection, cells were stained using anti-YAP and TRIP6 antibodies by
immunofluorescence. Quantification of YAP nuclear localization is shown (Mean
± SD; n=3; ****P≤0.0001, Fisher’s test). Scale bar=20µm. We compare TRIP6∆
cells to TRIP6∆ cells rescued by FLAG-TRIP6 plasmid (rescue) (F) Different
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amounts (50, 100, 150, 200ng) of FLAG-TRIP6 plasmid were transfected into
HEK293A TRIP6Δ cells and TRIP6 levels in lysates were analyzed by western
blotting using anti-TRIP6 antibodies and compared to those in control HEK293A
(WT) cells. 200ng of FLAG-TRIP6 plasmid (marked with asterisk) was selected to
perform the rescue experiment described in (E).
Figure S2.
Coomassie stained gel showing the amounts of BSA and highest amount of HISMOB1A used in Figure 2B.
Figure S3.
Regulation of TRIP6 and LATS1 localization and binding. (A) MCF10A cells were
stained for TRIP6 and LATS1 and the image was acquired with a confocal
microscope. Merged images show LATS1 (green), TRIP6 (red) and DNA (blue).
Scale bar=20µm. The LATS1-TRIP6 colocalization was confirmed by line scan
analysis of the pixel intensity in different fluorescent channels. (B) HEK293A cells
(WT and TRIP6Δ) were grown and TRIP6 and LATS1 intracellular localization
were determined by immunofluorescence using anti-TRIP6 and anti-LATS1
antibodies. HEK293A (WT) cells were also grown at high density and treated
similarly. The localization of TRIP6 and LATS1 in HEK293A TRIP6Δ cells is also
shown. Scale bar=20µm. (C) MCF10A cells were grown at low density and until
confluency and stained for TRIP6 and FAK. Merged images show FAK (green),
TRIP6 (red) and DNA (blue). (D) Quantification of LATS1 at cell-cell junctions in
MCF10A depleted of TRIP6 (see Figure 3A). Intensity of LATS1 was measured
at cell-cell junctions (Mean ± SD; n=3; **P≤0.01, T-test). (E) Quantification of
TRIP6 at cell-cell junctions in MCF10A depleted of LATS1 and LATS2 (see
Figure 3B). Intensity of TRIP6 was measured at cell-cell junctions (Mean ± SD;
n=3; n.s.≥0.05, T-test). (F) MCF10A cells grown at high density on PDMS
membranes and were stretched (or not) at 17% elongation for 2 hours, RNA was
isolated and YAP target gene expression was analyzed using RT-qPCR. (Mean ±
SD; n=3; **P≤0.01, ****P≤0.0001, T-test).
Figure S4.
Regulation of TRIP6 and LATS1 localization in HEK293A cells and E-cadherin
staining in MCF10A cells after various treatments. (A) HEK293A cells were either
not treated (control) or treated separately by serum starvation (no serum),
Latrunculin B, Blebbistatin, and EGTA, then TRIP6 and LATS1 intracellular
localization were determined by immunofluorescence using anti-TRIP6 and antiLATS1 antibodies. The localization of TRIP6 and LATS1 in HEK293A TRIP6Δ
cells is also shown. Scale bar=20µm. (B) MCF10A cells were either not treated
(control) or treated separately by growth to high density, serum starvation,
Latrunculin B, Blebbistatin, or Y27632 treatment, and stained using anti-Ecadherin antibodies by immunofluorescence. Scale bar=20µm.
Figure S5.
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FAK and vinculin co-staining in MCF10A cells, quantification of TRIP6-vinculin
binding and vinculin knockdown efficacy, LATS1 and vinculin co-staining in
MCF10A cells, effect of vinculin knockdown by single siRNAs on YAP activity
and localization and rescue of siRNA knockdown are shown. (A) MCF10A cells
were grown at low density and until confluency and stained using anti-FAK and
anti-vinculin antibodies by immunofluorescence. Scale bar=20µm. (B)
Quantification of the TRIP6-vinculin binding from Figure 5D is shown. The
relative TRIP6-vinculin binding was determined for MCF10A cells under different
conditions compared to controls (confluent/high density, +/- serum, +/Latrunculin B, +/- Blebbistatin, or +/- EGTA). (Mean ± SD; n=3; *P≤0.05,
**P≤0.01, ***P≤0.001, T-test) (C) Vinculin was knocked down using two different
stealth siRNAs in MCF10A cells. MCF10A control cells were treated with control
siRNA. Lysates were probed by western blotting for vinculin and tubulin. The
levels of vinculin were determined. (Mean ± SD; n=3; ***P≤0.001, T-test) (D)
Vinculin was knocked down as described in (C) and cells were stained using
vinculin and LATS1 antibody. Merged images show LATS1 (green), vinculin (red)
and DNA (blue). Scale bar=20µm. (E) Vinculin was knocked down by single
stealth siRNAs (7662 and 1260) in MCF10A cells and stained using vinculin and
YAP antibody. Merged images show YAP (green), vinculin (red) and DNA (blue).
Quantification of YAP nuclear localization is shown (Mean ± SD; n=3; **P≤0.01,
***P≤0.001, Fisher’s test). Scale bar=20µm. (F) Vinculin was knocked down as
described in (E) and the levels of vinculin, and YAP target gene expression was
analyzed using RT-qPCR. (Mean ± SD; n=3; **P≤0.01, ***P≤0.001, T-test). (G)
Vinculin was knocked down as described in 5E in HEK293A cells. Control and
vinculin depleted HEK293A cells were transfected with 150ng of control and
EGFP-vinculin plasmids. (Note that 150ng of EGFP-vinculin plasmid restores
approximate wild-type levels (see (H)) of vinculin expression). After 48 hours of
transfection, the levels of vinculin, and YAP target gene expression was analyzed
using RT-qPCR. We compare vinculin depleted cells to vinculin depleted cells
rescued by EGFP-vinculin (rescue). (Mean ± SD; n=3; *P≤0.05, **P≤0.01,
****P≤0.0001, T-test). (H) Vinculin was knocked down as described in 5E in
HEK293A cells. Different amounts (50, 150, 250, 350ng) of EGFP-vinculin
plasmid were transfected into the vinculin depleted cells and vinculin levels in
lysates were analyzed by western blotting using anti-vinculin antibody and
compared to those in control HEK293A cells. 150ng of EGFP-vinculin plasmid
(marked with asterisk) was selected to perform the rescue experiment.
Table S1
Table S1 consists of a list of qPCR primers and primers for CRISPR mediated
TRIP6 knockout in HEK293A cells.
Supplemental Materials and Methods
KEY RESOURCES TABLE
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Antibodies
Mouse TRIP6
Rabbit YAP
Mouse YAP
Mouse GFP
Mouse Myc
Rabbit Myc
Rabbit LATS1
Rabbit phospho LATS Ser 909
Rabbit phospho LATS Thr 1079
Rabbit phospho MST
Rabbit MOB1
Rabbit phospho YAP Ser 127
Rabbit LATS2
Mouse MBP
Rabbit GST
Mouse Tubulin
Mouse E-cadherin
Mouse FLAG
Mouse vinculin

Bacterial and Virus Strains
DH5α Competent Cells
Rosetta™(DE3) Competent Cells - Novagen
Chemicals, Peptides, and Recombinant Proteins
Penicillin-Streptomycin
Epidermal Growth Factor
Hydrocortisone
Cholera toxin
Insulin
Lipofectamine 2000
RNAiMAX Lipofectamine
FuGENE HD Transfection Reagent
Protease Inhibitor Cocktail
Dynabeads Protein G
Collagen I
Latrunculin B
Blebbistatin
Y27632
Puromycin
Critical Commercial Assays
Quick RNA Mini Prep Kit
qScript cDNA super mix
KAPA SYBR Fast- Master Mix Universal kit
Qiagen Plasmid Mini Prep Kit
Experimental Models: Cell Lines

Santa Cruz
Santa Cruz
Santa Cruz
Santa Cruz
Santa Cruz
Santa Cruz
Cell Signaling
Cell Signaling
Cell Signaling
Cell Signaling
Cell Signaling
Cell Signaling
Proteintech
Proteintech
Proteintech
Proteintech
BD Biosciences
Sigma
Sigma

Cat# sc-365122
Cat# sc-15407
Cat# sc-101199
Cat# sc-9996
Cat# sc-40
Cat# sc-789
Cat# 3477S
Cat# 9157S
Cat# 8654S
Cat# 3681S
Cat# 13730S
Cat# 4911S
Cat# 20276-1-AP
Cat# 66003-1-Ig
Cat# 10000-0-AP
Cat# 66031-1-Ig
Cat# 610181
Cat# F1804
Cat# V9131, kindly
provided by Beth
Luna

Thermo Fisher
EMD Millipore

Cat# 18265017
Cat# 70954

Thermo Fisher
Peprotech
Sigma
Sigma
Sigma
Thermo Fisher
Thermo Fisher
Promega
Sigma
Thermo Fisher
Corning
Sigma
Sigma
Tocris
Thermo Fisher

Cat# 15140-122
Cat# AF-100-15
Cat# H-0888
Cat# C-8052
Cat# I-1882
Cat# 11668019
Cat# 13778150
Cat# E2311
Cat# P8340
Cat# 10004D
Cat# 354231
Cat# L5288
Cat# B0560
Cat# 1254
Cat# A1113803

Zymo Research
Quanta Biosciences
Kapa Biosystems
Qiagen

Cat# R1054
Cat# 101414-102
Cat# KK4651
Cat# 27104
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MCF10A
HEK 293
HEK 293A
HEK 293A TRIP6 CRISPR mediated knockout line
Oligonucleotides
control siRNA CGUACGCGGAAUACUUCGA
SMARTpool: ON-TARGETplus LATS1 siRNA
SMARTpool: ON-TARGETplus LATS2 siRNA
Vinculin siRNAs, oligo IDs: HSS111260 and
HSS187662
RT-qPCR primers, see table S1a
TRIP6 CRISPR primers, see table S1b
Recombinant DNA
pDONR221 LATS2
pDONR221 TRIP6
pDEST-MBP LATS2
pDEST-GST TRIP6
pET28a MOB1A
pcDNA-FLAG-Hu-Trip6

ATCC
ATCC
Thermo Fisher
This study

CRL-10317
CRL-1573
#R70507
N/A

GE Lifesciences
GE Lifesciences
GE Lifesciences
Invitrogen

D-001100-01-20
L-004632-00-0005
L-003865-00-0005
Cat# 1299001

N/A
N/A

N/A
N/A

This study
This study
This study
This study
This study
Addgene

pcDNA-FLAG-Hu-Trip6 1-277
pcDNA-FLAG-Hu-Trip6 278-476
pCI113-LAP-GFP-LATS2

This study
This study
Paramsivam et al.,
2011
This study
This study
This study
This study
This study
This study
MOB1 was cloned in
pcDNA3.1 from
pSIRN-HA-MOB1
plasmid.

N/A
N/A
N/A
N/A
N/A
Addgene Plasmid
#27255
N/A
N/A
N/A

pCI113-LAP-GFP-LATS2 137-677
pCI113-LAP-GFP-LATS2 668-947
pCI113-LAP-GFP-LATS2 376-397
pCI113-LAP-GFP-LATS2 376-568
pCI113-LAP-GFP-LATS2 604-625
pCI113-LAP-GFP-LATS2 625-644
pcDNA3.1-Myc-MOB1

pGEX-4T-1
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CONTACT FOR REAGENT AND RESOURCE SHARING
Further information and requests for reagents may be directed to and will be
fulfilled by the Lead Contact, Dannel McCollum
(Dannel.McCollum@umassmed.edu).
EXPERIMENTAL MODEL AND SUBJECT DETAILS
Cell Lines
Human Embryonic Kidney (HEK293, HEK293A) cell lines were grown in
Dulbecco’s modified Eagle medium (DMEM, GIBCO) supplemented with 10%
(v/v) fetal bovine serum (FBS, GIBCO) and 1% (v/v) penicillin/streptomycin
(Invitrogen). Human mammary epithelial cell line MCF10A was cultured in
DMEM/F12 (1:1) media supplemented with 5% (v/v) fetal horse serum (GIBCO),
20ng/ml Epidermal Growth Factor (Peprotech), 0.5 mg/ml Hydrocortisone
(Sigma), 100 ng/ml Cholera toxin (Sigma), 10μg/ml Insulin (Sigma) and 1% (v/v)
penicillin/streptomycin (Invitrogen). Cell lines were cultured in a humidified
incubator at 37°C with 5% CO2.
Expression Plasmids and shRNAs
Flag-TRIP6 plasmid is obtained from Addgene (Plasmid #27255). shRNAs for
TRIP6 (shRNA1: TRCN0000061438, shRNA4: TRCN0000061441) and control
shRNA (shEGFP) were obtained from the UMass RNAi core facility.
METHOD DETAILS
CRISPR mediated deletion of TRIP6 in 293A cell line
The target sequence to knock-out the TRIP6 gene was selected with the web tool
developed by the Zhang lab (http://crispr.mit.edu/). Oligos complementary to the
target sequence with appropriate overhangs
(CACCGGCGATCCCCCGCGGCACCC and
AAACGGGTGCCGCGGGGGATCGCC) were annealed and cloned into a variant
of the px330 plasmid with puromycin resistance (Hainer et al., 2015). HEK293A
and HEK293 cells were transfected with Lipofectamine 2000 (Invitrogen)
following the manufacturer directions and using 500 ng of plasmid per well of a
12-well plate. The next day, cells were placed under selection with 2 μg/ml of
Puromycin (GIBCO) for 48 hours. Puromycin resistant cells were then heavily
diluted and plated on 10 cm plates for colony isolation. Colonies were picked 710 days later by depleting the media from the plate and using a P20 pipette
loaded with 1 μl of media to dislodge the colony from the plate by rapid back and
forth movements. Clonal lines were then expanded and the expression of TRIP6
was determined by Western blot. Clonal lines that lacked expression of TRIP6
were again expanded from single cells by dilution followed by colony isolation
and tested by Western blot to ensure that they were true clonal lines. At least two
independent clonal lines were kept for further analysis. HEK293A cells were
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maintained at low densities as much as possible to prevent morphological
changes associated with cell crowding.
Cell starvation and drug treatments
MCF10A and HEK293A cells were starved overnight in DMEM/F12 (1:1) and
DMEM respectively supplemented with 1% of penicillin and streptomycin
(Invitrogen) before adding complete cell culture medium described above for 1
hour. Latrunculin B was used at 1 μM for 1 hour. Blebbistatin was used at 25 μM
for 2 hours on MCF10A and 1 hour on 293A. Both MCF10A and 293A cell lines
were treated with 0.5mM EGTA for 30 minutes. MCF10A cells were treated with
50µM of Y27632 for 1 hour.
Stretching experiments
MCF10A cells were cultured on collagen I coated bioflex plates (Flexcell
International Corporation (# BF-3001C)) at high density before stretching them
with a Flexcell FX-4000 machine (Flexcell International, Burlington, NC) using
22mm diameter posts under maximum vacuum pressure, resulting in a 17%
equibiaxial stretch for 2 hours in a humidified incubator at 37°C with 5% CO2.
Cells were either lysed for RNA preparation (see RT-qPCR), protein preparation
(Cell lysis, Immunoprecipitation and Western Blotting) or fixed while under stretch
with 3.7% PFA for 10 minutes before performing immunofluorescence. Control
plates were not stretched. For stretched plates, the stretch level was validated by
measuring deformation before and after stretch using multiple fiduciary markers.
Immunofluorescence
HEK 293A and MCF10A cells were cultured on coverslips and fixed with 3.7%
paraformaldehyde in PBS for 10 minutes, permeabilized in 0.5% Triton-X in UB
(UB; 150 mM NaCl, 50 mM Tris pH 7.6, 0.01% NaN3) for 3 minutes at 37°C, then
blocked with 10% BSA in UB for 30 minutes at 37°C. Cells were then incubated
for 1 hour at 37°C with appropriate primary antibodies, washed three times in UB
and incubated with Alexa Fluor-conjugated secondary antibodies (Molecular
probes) for 1 hour at 37°C. After three washes in UB, coverslips were mounted
on glass slides using Prolong Gold Antifade reagent with DAPI (Invitrogen) and
left at 4°C overnight. The next day slides were viewed using fluorescent
microscopy (Nikon Eclipse E600) and images were acquired using a cooled
charge-coupled device camera (ORCA-ER; Hamamatsu, Bridgewater, NJ). The
confocal image was acquired using a Leica SP5 AOBS second generation laser
scanning confocal microscope. Image processing and analysis were carried out
with IPLab Spectrum software (Signal Analytics, Vienna, VA) and ImageJ
software (Schneider et al., 2012).
Cell lysis, Immunoprecipitation and Western Blotting
HEK293 and HEK293A cells were transfected using Lipofectamine 2000
(Invitrogen) according to the manufacturer’s protocol. For the rescue assay,
HEK293A (WT) and HEK293A TRIP6∆ knockout cells were transfected with
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empty plasmid and increasing amounts of FLAG-TRIP6 plasmid (50ng-200ng)
respectively, using FuGENE® HD Transfection Reagent (#E2311, Promega)
according to manufacturer’s protocol. 200ng of the plasmid was used for the final
rescue experiment. Cells were collected after 48 hours and lysed with lysis buffer
(10% Glycerol (Invitrogen), 20mM Tris-HCl-pH 7.0, 137mM NaCl, 2mM EDTA,
1% NP-40 (Invitrogen), 1mM PMSF(Sigma), 1mM Na3VO4 (Sigma) and 1x
mammalian protease inhibitor cocktail (Sigma)). MCF10A cells were additionally
passed through a 26G½ needle. Cells were then incubated for 10 minutes at 4°C
and lysates were cleared by centrifugation at 10,000 rpm for 10 min at 4°C. For
immunoprecipitation, Dynabeads (Invitrogen) were used according to the
manufacturer’s protocol.
siRNA/shRNA transfection
Knockdowns in MCF10A cells were performed using 30 nM of control siRNA (fire
fly luciferase) or SMARTpool siRNA from Dharmacon (for LATS1 and 2) or
stealth siRNA from Thermo-Fisher (for vinculin). RNAiMAX Lipofectamine
(Invitrogen) was used according to the manufacturer’s protocol. After 48 hours
cells were either used for western blotting or fixed for immunofluorescence.
Stable knockdowns in MCF10A cells were done using lentiviral infection of
shRNA and cells were selected with puromycin for 3 days. Experiments were
performed immediately after puromycin selection. Viral supernatants were
generated by the shRNA Core Facility (UMASS) to target TRIP6.
RT-qPCR
RNA was prepared using Quick-RNA MiniPrep kit (Zymo Research) according to
the manufacturer’s protocol. cDNA was prepared using qScript cDNA super mix
(Quanta Biosciences, Inc) according to the manufacturer’s protocol. RT-qPCR
was performed using KAPA SYBR Fast- Master Mix Universal kit (Kapa
Biosystems). Target mRNA levels were measured relative to GAPDH mRNA
levels.
Recombinant protein expression and in vitro competition assays
TRIP6 and LATS2 were cloned in pDEST-GST and pDEST-MBP respectively
(provided by Dr. Marian Walhout’s lab) using Gateway (ThermoFisher Scientific)
directions. MOB1A was cloned in pET28a through standard cloning. GSTTRIP6, MOB1A-6xHis, and MBP-LATS2 plasmids were transformed into BL21
DE3 cells and recombinant protein expression was induced with 1mM IPTG for 4
hours and 30 minutes at 25° C. Bacterial pellets were resuspended in lysis buffer
(1.8 mM KH2PO4,10 mM Na2HPO4, 150 mM NaCl, 10 mM β-mercapto-ethanol,
0.05% Triton X-100, 1 mg/ml of lysozyme, 5 μg/ml of nuclease, and 1mM PMSF)
and incubated for 30 minutes at 4° C. Cells were lysed on ice with 6 rounds of 10
sonications each using a VWR Sonifier 450 fitted with a microtip set to an output
of 2 and a duty cycle of 80. Lysates were cleared by centrifugation at 21,000g for
10 minutes at 4° C. GST-TRIP6 was purified using Glutathione beads (GE) and
eluted with 20 mM glutathione for 30 minutes at 4° C in elution buffer (1.8 mM
KH2PO4,10 mM Na2HPO4, 150 mM NaCl, 0.05% Triton X-100, and 1mM PMSF).
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MOB1A-6His was purified using Ni-IDA beads (Biotool) and eluted with 300 mM
Imidazole for 30 minutes at 4° C in elution buffer. MBP-LATS2 was pulled down
with magnetic maltose beads (NEB). For the in vitro competition assay, GSTTRIP6, MOB1A-6xHis, and control proteins were mixed as indicated in Figure 3B
and then adjusted to a volume of 60μl using elution buffer. A constant amount of
GST-TRIP6 (approximately 0.7 μg) was used in each sample, and either 1, 4, or
10-fold molar ratios of MOB1A-6xHis were added as competitor. The different
protein solutions were then added with 20 μl of 10 mM Tris-HCl, pH 7.4 (to
ensure an equal pH) to bead bound MBP-LATS2, and incubated for 20 minutes
at room temperature with mixing. MBP-LATS2 bound beads were separated
using a magnetic stand, washed 3 times in elution buffer, and boiled in SDSPAGE sample buffer. Protein samples were then subjected to SDS-PAGE and
Western blotting with the specified antibodies.
QUANTIFICATION AND STATISTICAL ANALYSIS
Data are presented as Mean ± SD. Each experiment was done in triplicates.
Students t-test (*P ≤ 0.05, ** P ≤ 0.01, *** P ≤ 0.001, **** P ≤ 0.0001) were
performed using Prism version 7.00 for Windows (GraphPad Software, La Jolla
California USA, www.graphpad.com”). For YAP localization studies, we counted
100 cells each from three different experiments and used Fisher’s test (* P ≤
0.05, ** P ≤ 0.01, *** P ≤ 0.001, **** P ≤ 0.0001) using GraphPad Quickcalcs
(http://graphpad.com/quickcalcs/contingency1/) to calculate the significance. For
western blots, we performed background substraction and densitometric analysis
of respective bands using Image J (Schneider et. al., 2012) and normalized to
loading control (either actin or tubulin).
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