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An interaction between Scribble and the NADPH
oxidase complex controls M1 macrophage polarization
and function
Weiyue Zheng1, Masataka Umitsu1,4,5, Ishaan Jagan1,2,5, Charles W. Tran1,3, Noboru Ishiyama1, Michael BeGora1,
Kiyomi Araki1, Pamela S. Ohashi1,3, Mitsuhiko Ikura1 and Senthil K. Muthuswamy1,2,6

The polarity protein Scribble (SCRIB) regulates apical–basal
polarity, directional migration and tumour suppression in
Drosophila and mammals1–6. Here we report that SCRIB is an
important regulator of myeloid cell functions including
bacterial infection and inflammation. SCRIB interacts directly
with the NADPH oxidase (NOX) complex in a PSD95/Dlg/ZO-1
(PDZ)-domain-dependent manner and is required for
NOX-induced reactive oxygen species (ROS) generation in
culture and in vivo. On bacterial infection, SCRIB localized to
phagosomes in a leucine-rich repeat-dependent manner and
promoted ROS production within phagosomes to kill bacteria.
Unexpectedly, SCRIB loss promoted M1 macrophage
polarization and inflammation. Thus, SCRIB uncouples
ROS-dependent bacterial killing activity from M1 polarization
and inflammatory functions of macrophages. Modulating the
SCRIB–NOX pathway can therefore identify ways to manage
infection and inflammation with implications for chronic
inflammatory diseases, sepsis and cancer.

Downregulation of SCRIB expression in a macrophage cell line, RAW
264.7 (Fig. 1a), significantly impaired phorbol 12-myristate 13-acetate
(PMA)-induced generation of ROS (Fig. 1b). In addition, we used
primary macrophages from an inducible SCRIB knockdown mouse
model where SCRIB short hairpin RNA (shRNA) expression was
controlled by a tetracycline-response element (TRE) at the COLA1
locus (SCRIB ishRNA)7 (Supplementary Fig. 1a). Reverse tetracycline
transactivator (rtTA) expression from a ROSA26 promoter facilitated
doxycycline (Dox)-inducible expression of SCRIB ishRNA and GFP
in all cells, including isolated bone-marrow-derived macrophages
(BMMs) (Fig. 1c). Inducible loss of SCRIB did not a�ect BMM
di�erentiation as monitored by expression of CD11b/F4/80 and cell

morphology (Fig. 1d and Supplementary Fig. 1b). Both PMA and
lipopolysaccharide (LPS) induced ROS in wild-type cells and in SCRIB
ishRNA cells in the absence of Dox stimulation (Fig. 1e). Dox-induced
knockdown of SCRIB significantly impaired PMA- or LPS-induced
ROS (Fig. 1e). In addition, PMA-induced ROS was significantly low
in primary neutrophils (Supplementary Figs 1c,d) from Dox-treated
mice (Fig. 1f), demonstrating a role for SCRIB during ROS generation
in primary myeloid cells.

Apart from myeloid cells, in mouse embryo fibroblasts (MEFs)
derived from SCRIB ishRNA mice (Fig. 1g) platelet-derived growth
factor (PDGF)-induced generation of ROS (Fig. 1h) and tyrosine
phosphorylation of the PDGF receptor were impaired (Supplementary
Fig. 1e), demonstrating a role for SCRIB in regulating ROS
generation in multiple contexts. The decrease in PDGFR tyrosine
phosphorylation is consistent with the well-established role for
ROS in inactivating tyrosine phosphatase activity and promoting
tyrosine phosphorylation8.

To determine the in vivo significance, SCRIB ishRNA mice were
injected with LPS intraperitoneally and ROS was monitored in real
time using L-012, a luminol-based chemiluminescence probe used
for detecting NADPH oxidase-derived superoxide9. LPS challenge
induced a dramatic and sustained increase in ROS levels in�Dox, but
not in CDox mice in vivo (Fig. 1i,j). The lack of LPS-induced ROS
in vivo was not due to defective immune biology because cells from
the thymus, spleen and bone marrow of wild-type (WT) (CDox and
�Dox) and SCRIB ishRNA (CDox and �Dox) mice showed compa-
rable expression of di�erentiation markers on dendritic, neutrophil,
monocyte or B and T cells (Supplementary Figs 1f�k).

Macrophages generate ROS (superoxide (O�2 )) using the NOX
complex10. LPS, PMA and PDGF induce ROS by activating the
NOX protein complex11,12. NOX-mediated generation of ROS requires
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Figure 1 SCRIB is required for the generation of ROS. (a) Immunoblot
analysis of RAW 264.7 stable cell lines expressing control Luc shRNA
(Luc) or SCRIB shRNA (SCRIB). The fold change in levels is indicated.
(b) RAW 264.7 cells stimulated with PMA and ROS generation measured
by dihydroethidium at the indicated times. nD3 biologically independent
experiments (mean � s.d., two-tailed, unpaired t-test with equal variances:
P D0.024, 0.023, 0.026). (c) Immunoblot analysis of Dox (1.0 �g ml�1)-
inducible changes in SCRIB expression in BMMs isolated from WT and
SCRIB ishRNA (iSCRIB) mice. (d) BMMs and BMDCs were stained with
surface markers and analysed by flow cytometry. Representative data are
shown. (e) BMMs stimulated with 100 ng ml�1 LPS or 1.0 �M PMA; ROS
signal was detected by using dihydroethidium. nD3 biologically independent
experiments (mean � s.d., two-tailed, unpaired t-test with equal variances:
P D 0.001 for LPS-induced ROS and P D 0.005 for PMA-induced ROS).
(f) Purified primary neutrophils from WT C Dox or � Dox, and iSCRIB C Dox
or � Dox mice were stimulated with PMA for 30 min and ROS generation
measured by dihydroethidium at the indicated times. nD 3 biologically
independent experiments (mean � s.d., two-tailed, unpaired t-test with

equal variances: PD0.022). (g) Immunoblot analysis of Dox (1.0 �g ml�1)-
inducible changes in SCRIB expression in MEFs isolated from WT and SCRIB
ishRNA (iSCRIB) mice. (h) Relative changes in ROS levels as measured by
carboxy-H2DCF-DA (DCF) in response to PDGF (50 ng ml�1) for 10 min. nD3
biologically independent experiments (mean � s.d., two-tailed, unpaired
t-test with equal variances: P D0.002). (i) 8–12-week-old SCRIB ishRNA
mice fed with normal or Dox food for four weeks and injected with LPS
(2.0 mg kg�1 in PBS). Five hours post injection, L-012 (25 mg kg�1) was
injected into the peritoneal cavity of mice. Luminescence signal intensity
was measured every minute for 30 min immediately after L-012 injection.
Images shown represent an early time point (6 min; left panel) and a later
time point (26 min; right panel). (j) Quantitative analysis of the luminescence
signal intensity by Living Image software. nD3 animals (mean � s.d., two-
tailed, unpaired t-test with equal variances: PD0.0058, 0.00011). Source
data for b,e,f,h,j are shown in Supplementary Table 3. All immunoblots
were repeated at least three times with reproducible results. Representative
images are shown. Unprocessed original scans of blots/gels are shown in
Supplementary Fig. 6.
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Figure 2 SCRIB is a component of the NOX complex. (a) Lysates from Luc
shRNA (Luc) or SCRIB shRNA (SCRIB) treated with LPS (100 ng ml�1) and
subject to pulldown using the PAK1-p21 binding domain (PAK1-PBD) and
immunoblotted for Rac1 to monitor Rac1-GTP levels (top panel). One-tenth
of the input lysate was immunoblotted with Rac1 to serve as an input control.
(b) Changes in the levels of Rac-GTP in response to LPS. nD3 biologically
independent experiments (mean� s.d., two-tailed, unpaired t-test with equal
variances: P D0.02, 0.017). (c) Lysates from Luc shRNA (Luc) or SCRIB
shRNA (SCRIB) RAW 264.7 cells expressing Flag-�-PIX were stimulated with
PMA for the indicated times and subject to anti-Flag immunoprecipitation
followed by anti-p22phox or anti-SCRIB immunoblotting. TCL, total cell
lysate. (d) Quantitation of �-PIX levels in p22phox immunoprecipitates. nD3
biologically independent experiments (mean � s.d., two-tailed, unpaired

t-test with equal variances: P D 0.001, 0.001). p22phox
immunoprecipitation was followed by anti-SCRIB immunoblots using lysates
obtained from the parental RAW 264.7 cell line. (e) Amino acid sequence
alignment of the carboxy tail of members of the NOX complex. (f,g) p22phox
immunoprecipitates from parental RAW 264.7 cells (f), or BMMs (g) were
immunoblotted for anti-SCRIB. DMSO, dimethyl sulfoxide. (h) Lysates from
Luc shRNA (Luc) or SCRIB shRNA (SCRIB) RAW 264.7 cells expressing Flag-
�-PIX were stimulated with LPS and subject to anti-Flag immunoprecipitation
followed by anti-Gp91, p67phox, p40phox or anti-SCRIB immunoblotting.
Source data for b,d are shown in Supplementary Table 3. All immunoblots
were repeated at least three times with reproducible results. Representative
images are shown. Unprocessed original scans of blots/gels are shown in
Supplementary Fig. 6.

activation of Rac GTPases facilitated by the GTP exchange factor
�-PIX13. Since �-PIX binds directly with SCRIB, LPS-induced Rac
activation was analysed in SCRIB shRNA cells. Interestingly, LPS-
induced Rac.GTP levels were twofold lower in SCRIB shRNA cells
compared with Luc shRNA cells (Fig. 2a,b).

We tested whether SCRIB functions as a sca�old to recruit �-PIX
to the NOX complex. �-PIX co-immunoprecipitated both p22phox
(a component of the NOX complex) and SCRIB in Flag-tagged

�-PIX-expressing control cells, but not in RAW 264.7 SCRIB shRNA
cells. The interaction was observed both before and after PMA
stimulation, with a modest increase in association post PMA
stimulation (Fig. 2c,d and Supplementary Fig. 2a).

SCRIB is a PSD95/Dlg/ZO-1 (PDZ)-domain-containing protein
and PDZ domains frequently use carboxy-terminal residues to interact
with its partners. Analysis of the carboxy-terminal 10 amino acids of
all members of the NOX complex showed that only the C-terminal

1246

© Macmillan Publishers Limited . All rights reserved

NATURE CELL BIOLOGY VOLUME 18 | NUMBER 11 | NOVEMBER 2016



L E T T E R S

p22phox

p22phox-IP

DM
SO

PM
A

DM
SO

PM
A

DM
SO

PM
A

DM
SO

PM
A

WT SCRIB
WT.

Rescue
ΔPDZ4.
Rescue

SCRIB

SCRIB

f
     RAW 264.7     

g

SCRIB

Ctrl
PMA

R
el

at
iv

e 
R

O
S

 g
en

er
at

io
n

Luc SCRIB +WT.
Rescue

+ΔPDZ4.
Rescue

∗∗∗ P < 0.001

RAW 264.74

3

2

1

∗∗∗

GST

Loading control

GST-
p22

pho
x

HIS
-P

DZ4

HIS
-P

DZ3

HIS
-P

DZ2

HIS
-P

DZ1

Bea
ds

+ GST-p22phox

IP: HIS
a b SCRIB-PDZ4 L1111

V1180
A1144
A1145

I1113

I1115

S1114

D192
E193

V194

V195

N

N

C

C

G1112

R1178

p22phox tail
(model)

p22phox tail
(model)

e

Bea
ds

PDZ4 
W

T

L1
11

1A

GST

G11
12

A

V11
74

A

R11
78

A

L1
11

1A
/R

11
78

A

I11
13

A/R
11

78
A

IP: HIS

+ GST-p22phox

G11
12

A/R
11

78
A

Loading control

dc

0

0.02

0.04

0.06

0.08

0.10

0 10 20 30 40 50 60

R
es

p
on

se
 (n

m
) 

Time (s) 

–0.02

0

0.02

0.04

0.06

0.08

0 10 20 30 40 50 60

R
es

p
on

se
 (n

m
)

Time (s) 

DEVV
DEAA
AAVV

20.0 μM
SCRIB
PDZ4

Kd

(μM)

WT 40 ± 5

G1112A/
R1178A

ND

17.5 μM
15.0 μM
12.5 μM
10.0 μM
7.5 μM
5.0 μM

Figure 3 SCRIB interacts directly with p22phox and promotes PMA-induced
generation of ROS. (a) HIS-PDZ domains incubated with the GST-p22
carboxyl tail and pulldowns were immunoblotted with anti-GST antibodies.
Coomassie blue staining of input HIS-tagged protein was used as a
loading control and HIS beads incubated with GST-p22tail were used as
a negative control. (b) The SCRIB-PDZ4-p22phox tail-docking model was
generated using the hSCRIB-PDZ4 domain (PDB ID 1UJU) as a template
for SCRIB-PDZ4 (P1096-E1193) and the Erbin PDZ domain-ErbB2 (PDB
ID 1MFG) for the p22phox chain model that was built using Coot34 and
Pymol (http://www.pymol.org) software. SCRIB-PDZ4 residues affected by
the addition of the p22phox tail peptide are mapped and indicated as
spheres on the modelled structure of the SCRIB-PDZ4 domain (red: >0.2
normalized chemical shift change, orange: 0.2–0.14 and yellow: 0.1–0.14,
respectively). The modelled p22phox tail is shown as a stick model, coloured
as cyan. The four C-terminal residues of p22phox (192-DEVV-195) are
indicated. (c) BLI response curves representing the association (0–30 s)
and dissociation (30–60 s) of WT SCRIB-PDZ4 in the concentration range
of 5–20 �M with the biotinylated p22phoxC10 peptide immobilized on the
streptavidin-coated sensors. Binding curve analysis using a 1:1 binding model

revealed that WT SCRIB-PDZ4 binds to p22phoxC10 with a dissociation
constant (Kd) of 40�5 �M. ND, no detectable binding. (d) Comparison of
response curves of SCRIB-PDZ4 association with the WT (DEVV) and two
mutant (DEAA and AAVV) variants of p22phoxC10. The response curve was
obtained with 20 �M SCRIB-PDZ4 proteins. (e) SCRIB-PDZ4 domain wild
type (PDZ4 WT) or with mutations (indicated as amino acid number and one
letter abbreviation) that were predicted to affect interaction with p22phox
peptide were expressed as HIS-tagged fusions and incubated with the GST-
p22 carboxyl tail. Coomassie blue staining of input HIS-tagged PDZ domains
was used as a loading control. (f) Anti-p22phox immunoprecipitates from
lysates simulated with PMA for 30 min were immunoblotted with anti-SCRIB
antibodies. (g) Relative ROS generation in RAW 264.7 cells either lacking
SCRIB expression (SCRIB) or rescued with WT SCRIB cDNA (WT.Rescue), or
SCRIB-PDZ4 domain (G1112A/R1178A) (1PDZ4.Rescue). nD3 biologically
independent experiments (mean� s.d., two-tailed, unpaired t-test with equal
variances: P D0.00079). Source data for g are shown in Supplementary
Table 3. All immunoblots were repeated at least three times with reproducible
results. Representative images are shown. Unprocessed original scans of
blots/gels are shown in Supplementary Fig. 6.

sequence of p22phox (192-DEVV-195) conforms to a class III PDZ-
binding motif (X(unspecified)-D/E-X-9(hydrophobic))14 (Fig. 2e).
Amino-terminal Flag-tagged WT p22phox, but not the p22phox lack-

ing the C-terminal 10 amino acids (p221), interacted with T7 epitope-
tagged SCRIB (Supplementary Fig. 2b). p22phox is a common sub-
unit present in all of the NOX complexes (NOX1�4) (Supplementary
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Fig. 2c); accordingly, SCRIB co-immunoprecipitated with NOXO1
(a component of NOX1 and 3) and Tks5 (a component of NOX4)
(Supplementary Figs 2d,e), identifying SCRIB as a member of all NOX
complexes. Both the NOX1 and NOX3 complexes require Rac.GTP for
their activity, supporting a role for SCRIB in these complexes15.

Endogenous p22phox from both RAW 264.7 (Fig. 2f) and primary
BMMs (Fig. 2g) was able to co-immunoprecipitate SCRIB. Conversely,
endogenous SCRIB co-immunoprecipitated p22phox (Supplementary
Fig. 2f). In contrast to SCRIB�p22phox association (Supplementary
Figs 2g,h), interaction with other components of the NOX complex,
gp91phox, p67phox and p40phox, was induced on LPS stimulation
in a SCRIB-dependent manner (Fig. 2h). This is consistent with
previous observations that LPS stimulation induces assembly of an
active NOX complex16.

To determine whether SCRIB and p22phox interact directly with
each other, we used bacterially produced 6xHis-tag fusions of each
of the four PDZ domains (SCRIB-PDZ1, SCRIB-PDZ2, SCRIB-
PDZ3 and SCRIB-PDZ4) (Supplementary Fig. 3a) and GST-tag-
fused p22phox C-terminal tail (186-NPIPVTDEVV-195) (p22tail).
Purified SCRIB-PDZ4, but not the other PDZ domains, bound
directly to purified p22tail (Fig. 3a). Next we performed a nuclear
magnetic resonance (NMR) spectroscopy experiment on 15N-labelled
SCRIB-PDZ4 with unlabelled p22tail peptide (residues 186�195)
to identify the binding interface (Supplementary Fig. 3b). By
increasing the concentration of the peptide, we observed nine
peaks displaying marked peak shifts (>0.2 normalized chemical
shift change) in the 1H-15N heteronuclear single-quantum coherence
spectra (Supplementary Fig. 3c). We then mapped these perturbed
residues (Leu1111, Gly1112, Ile1113, Ser1114, Ile1115, Ala1144,
Ala1145, Arg1178 and Val1180) onto the previously reported three-
dimensional structure of unligated SCRIB-PDZ4 (PDB: 1UJU)
(Supplementary Figs 3d�f). In contrast, a p22phox peptide lacking
the carboxy tail (residues 131�185) displayed no change in the NMR
spectra of SCRIB-PDZ4 (Supplementary Figs 3g,h). A typical PDZ
domain consists of six �-strands (�A��F) and two �-helices (�A and
�B). The most a�ected residues Leu1111 and Gly1112 are located in
the well-known target-carboxylate binding loop (1110-RLGI-1113),
while other perturbed residues, Ser1114 and Ile1115, reside at the
�B strand and Arg1178 is located within the �B helix. The identified
p22tail binding site on SCRIB-PDZ4 coincides well with the canonical
target-binding pocket found in many PDZ proteins17. Accordingly we
generated a p22tail-docking model structure of SCRIB-PDZ4 (Fig. 3b)
using the structure of the Erbin PDZ domain-ErbB2 peptide complex
(PDB 1MFG18) as a template.

We next used bio-layer interferometry (BLI), an optical sensing
technique used to measure macromolecular interactions, and de-
termined the dissociation constant (Kd) of SCRIB-PDZ4-p22phox
peptide to be 40� 5 �M (Fig. 3c). To examine the specificity of the
interaction of the PDZ4-p22phox C termini, we generated two variants
of the peptides, DEAA and AAVV. Compared with the wild-type
peptide, DEVV, the variants had no detectable binding in the BLI
assay (Fig. 3d). To generate mutants of SCRIB that do not inter-
act with p22phox, we designed single and double alanine substitu-
tions for residues Leu1111, Gly1112, Ile1113, Ile1174 and Arg1178
in SCRIB-PDZ4, based on the SCRIB-PDZ4-p22phox tail-docking
model (Fig. 3b). GST-pulldown and NMR experiments demonstrated

that the G1112A/R1178A double mutant inhibited binding of p22tail
to SCRIB-PDZ4 (Fig. 3e). Consistent with this observation, the dou-
ble mutant neither produced the chemical shift observed for WT
PDZ4 (Supplementary Figs 3i,j) nor showed interaction in the BLI
assay (Supplementary Fig. 3k). The loss in binding was not due to
protein/domain folding defects, as supported by circular dichroism
spectroscopy, which indicated that the secondary structures are re-
tained in the G1112A/R1178A mutant (Supplementary Fig. 3l). We
rescued SCRIB shRNA RAW 264.7 cells with RNAi-resistant SCRIB
WT and PDZ4 mutant G1112A/R1178A (1PDZ4). Expression of
SCRIB-1PDZ4 in SCRIB shRNA cells did not rescue p22phox-SCRIB
demonstrating that PDZ4 was required for SCRIB�p22phox interac-
tion in vivo (Fig. 3f). Functionally, SCRIB shRNA cells rescued with
WT SCRIB, but not the cells rescued with1PDZ4 mutant, upregulated
ROS (Fig. 3g) in response to stimulation with PMA. Thus, the PDZ4
domain of SCRIB is essential for interaction with the NOX complex
and for the SCRIB-dependent production of ROS.

NOX complex-generated respiratory burst within phagosomes is
required to kill invading bacteria19. To investigate whether loss of
SCRIB a�ects the ability of phagocytes to clear bacterial infection,
we challenged SCRIB ishRNA mice with an intraperitoneal injection
of Staphylococcus aureus (Fig. 4a). SCRIB ishRNA�Dox mice were
fourfold more e�ective in clearing S. aureus from both the peritoneal
cavity and the lung compared with mice on a Dox diet (Fig. 4b,c). To
rule out a role for di�erences in neutrophil migration, we analysed
purified neutrophils (Fig. 4d) and blood preparations (Supplementary
Figs 4a,b) from SCRIB ishRNACDox or �Dox mice in culture and
show that myeloid cells from CDox mice have a fourfold decrease
in S. aureus killing compared with cells from SCRIB ishRNA�Dox
or WT mice, demonstrating a cell-intrinsic defect. Furthermore,
both RAW 264.7 control and SCRIB shRNA cells were equally
competent in internalizing pHrodo dye-conjugated S. aureus particles
demonstrating that bacterial phagocytosis was una�ected by loss of
SCRIB (Fig. 4e,f).

Next, we investigated the relationship between SCRIB and
phagosomes. Structured illumination microscopy of RAW 264.7 cells
1.0 h post S. aureus infection demonstrated co-localization of SCRIB
and p22phox around S. aureus (Fig. 4g). Both the PDZ4 mutant
and WT SCRIB, expressed in the background of SCRIB shRNA,
were e�ective in localizing to the bacteria (Fig. 4h), demonstrating
that SCRIB�p22phox interaction was not required for SCRIB to
localize to phagosomes (Fig. 4i). In both SCRIB WT and PDZ4
rescue cell lines, SCRIB was localized at a comparable distance
to bacteria (median distance between 1.5�2.0 �m), as monitored
by conventional confocal image analysis (Fig. 4j). In addition to
RAW 264.7 cells, SCRIB accumulated near bacteria containing
phagosomes in a human macrophage cell line Thp1 expressing RFP-
SCRIB and infected with FITC-S. aureus (Supplementary Figs 4c�e)
demonstrating evolutionary conservation of the mechanism.

In both Drosophila and mammalian epithelial cells, SCRIB
regulates cell polarity in a membrane localization-dependent
manner3,20,21. A SCRIB mutant that fails to localize to the cell
membrane20,21, Pro305 to leucine (P305L), also failed to localize near
bacteria (Fig. 4i), identifying a role for membrane localization in
localizing SCRIB to phagosomes. Neither PDZ4 nor SCRIBP305L
expression in RAW 264.7 SCRIB shRNA cells rescued PMA-induced
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Figure 4 SCRIB is required for clearing S. aureus infection in vivo and
is recruited to phagosomes. (a) A schematic diagram of the experimental
design for mouse infection. Mice (8–12 week old, nD 3) were infected
intraperitoneally with S. aureus (2�108 colony-forming units (CFUs)).
(b,c) After 6.0 h, CFUs were determined using peritoneal cavity that
was lavaged (b), or from homogenized lung tissue (c). nD 3 biologically
independent animals (mean � s.d., two-tailed, unpaired t-test with equal
variances: PD0.00078 (b), PD0.049 (c). (d) Purified primary neutrophils
from WT, SCRIB ishRNA (iSCRIB) C Dox or � Dox mice were incubated
with S. aureus for 20 min. Lysostaphin was added at 20 min of incubation
and aliquots were removed at 60 min for enumeration of S. aureus CFUs.
nD3 biologically independent animals (mean � s.d., two-tailed, unpaired
t-test with equal variances: P D0.012). (e) Cells were imaged every 40 s
for 2.0 h to measure S. aureus uptake. Representative images at 0 and
20 min are shown. Blue is CellTracker blue dye; red is pHrodo-red-conjugated
S. aureus. The right panels show representative merge images. Scale bars,
10 �m. (f,g) Quantification of S. aureus per cell (f) and structured illumination
micrographs (g) of RAW 264.7 cells incubated with S. aureus (grey) for 1 h
fixed and stained for SCRIB (red) and p22phox (green); nD3 biologically
independent experiments (mean� s.d., two-tailed, unpaired t-test with equal
variances). Scale bar, 5 �m. (h) RAW 264.7 cells expressing Luc shRNA

(Luc) or SCRIB shRNA (SCRIB) or SCRIB shRNA cells expressing WT SCRIB
(WT.Rescue), or mutant PDZ4 domain (G1112A/R1178A) (1PDZ4.Rescue),
or mutant LRR domain (P305L.Rescue). (i) RAW 264.7 cells expressing
SCRIB shRNA (SCRIB) and rescued with WT SCRIB (WT.Rescue) or p305L
SCRIB (P305L. Rescue) or PDZ4 mutant (1PDZ4.Rescue) were incubated
with S. aureus (green) and stained for SCRIB (red). The three right panels
are enlarged views of the boxed regions in the left panels. Scale bar, 10 �m.
(j) Quantification of the minimum distance between S. aureus and enriched
SCRIB in SCRIB shRNA (SCRIB) and rescue (SCRIB WT, PDZ4 mutant
(1PDZ4)) from the images. Individual SCRIB enrichment events around
bacteria are plotted as red triangles for Luc shRNA (Luc), blue squares for
SCRIB WT rescue and green circles for SCRIB-PDZ4 mutant rescue. The
solid black bars represent the median minimum distance from bacteria to
SCRIB for three replicates; nD750 pooled from three independent biological
replicates. (k) Representative transmission electron micrograph of S. aureus-
containing phagosomes 1 h post infection in Luc shRNA (Luc) and SCRIB
shRNA (SCRIB) RAW 264.7 cells. Arrow points to the cerium ion precipitates.
Source data for b–d,f are shown in Supplementary Table 3. All immunoblots
were repeated at least three times with reproducible results. Representative
images are shown. Unprocessed original scans of blots/gels are shown in
Supplementary Fig. 6.
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Figure 5 SCRIB regulated inflammatory response. (a) Quantitative PCR
analysis of M1 (IL-12�) and macrophage markers in parental RAW 264.7,
SCRIB shRNA (SCRIB) cells, and cells rescued with WT SCRIB or PDZ4
mutant or P305L after induction of M1 (IFN-
 C LPS) fate. nD3 biologically
independent experiments (mean � s.d., two-tailed, unpaired t-test with
equal variances: P D 0.02). (b) Quantitative PCR analysis of M1 (IL-1�,
IL-12�) and M2 (Fizz-1) macrophage markers in BMMs derived from SCRIB
ishRNA (iSCRIB) � Dox and SCRIB ishRNA (iSCRIB) C Dox after induction
of M1 (IFN-
 C LPS) or M2 (IL-4) fates. nD3 biologically independent
experiments (mean � s.d., two-tailed, unpaired t-test with equal variances:
PD0.014, 0.041, 0.03). (c) The ishSCRIB mice (8–12 weeks old) injected
intraperitoneally with either LPS (2 mg kg�1 in PBS) or PBS alone (control).

nD 6 animals. Kaplan–Meier curve showing survival of mice over 120 h
(5 days). (d) Representative H&E-stained image of lung tissues 24 h post
LPS injection. Asterisks mark areas with immune cell infiltrates. (e) The
amount of IL-6 and TNF in the blood of mice used in c was quantitated using
enzyme-linked immunosorbent assay. nD3 biologically independent animals
(mean � s.d., two-tailed, unpaired t-test with equal variances: PD0.044,
0.0035). (f) Chromatin immunoprecipitation analysis using anti-p65 or anti-
Pol II antibodies on IL-6 or TNF promoters. nD3 biologically independent
experiments (mean � s.d., two-tailed, unpaired t-test with equal variances:
PD0.042, 0.048 (IL-6); PD0.0012, 0.0031 (TNF)). (g) Cartoon model of
SCRIB interaction with the NOX complex generating ROS. Source data for
a–c,e,f are shown in Supplementary Table 3.

generation of ROS (Fig. 3f and Supplementary Fig. 4f), suggesting
that both interaction with p22phox and localization to the phagosome
were required for ROS generation.

Generation of ROS within the phagosome is required for the
ability of macrophages to kill bacteria22. RAW 264.7 Luc shRNA
and SCRIB shRNA cells were infected with S. aureus and incubated
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