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Abstract

Mitochondrial membrane potential is required for neutrophil migration, although the
mechanism remains unclear. Here, we report that mitochondrial outer membrane protein
Mitofusin 2 (Mfn2) regulates neutrophil homeostasisin vivo. Mfn2-deficient neutrophils are
released from the hematopoietic tissue and trapped in the vasculature in zebrafish embryos.
Human neutrophil-like cells deficient with MFN2 fail to be arrested by activated endothelium
under sheer stress or perform chemotaxis on substrates. Deletion of Mfn2 resultsin a
significant reduction of neutrophil infiltration to the inflamed peritoneal cavity in mice. Mfn2-
deficient neutrophil-like cells and mouse embryonic fibroblasts display heightened Rac
activation. Mechanistically, MFN2 maintains mitochondria-ER interaction and prevents
excessive elevation of cytosolic calcium and subsequent phosphorylation of CaMKII upon
stimulation. Inhibiting CaMKII or the Rac GEF Tiam rescues the chemotaxis defect that results
from Mfn2 depletion. Altogether, we identified an Mfn2-CaMKII-Tiam-Rac axis in regulating

neutrophil migration and discovered arole of MFNZ in regulating the actin cytoskel eton.

I ntroduction

Neutrophils, the most abundant circulating leukocytes in humans, constitute the first line of
host defense. Upon stimulation by either pathogen or host-derived proinflammatory mediators,
neutrophils are recruited to inflamed tissue using spatially and temporally dynamic intracellular
signaling pathways. Activation of the surface receptors, primarily the G-protein-coupled

receptors™™, leads to the activation of phosphatidylinositol 3-kinases (PI3K) that produces
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phosphatidylinositol (3,4,5)P3 and activates small GTPases such as Rac. Rac promotes actin
polymerization at the leading edge and drives cell migration”. In parallel, G-protein-coupled
receptors activate phospholipase C, which generates IP3 and activates the Ca®* release from
intracellular stores®. Although intracellular Ca* is awell characterized second messenger that
activates Rac and regulates cell migration in slowly migrating cells® ’, its role in neutrophil

migration is less clear.

Cdl migration requires the coordination of multiple cellular organelles, including
mitochondria. Mitochondria carry out oxidative phosphorylation to produce ATP and regulate
the intracellular redox status and intracellular distribution of Ca®* that are both involved in cell
migration. In addition, mitochondria morphology changes via fusion and fission® to adapt to
variable metabolic needs under different conditions. Mitochondria fission is believed to

promote cell migration by providing localized mitochondriaand ATP production® *°.

In neutrophils, mitochondrial biology is distinct and contradictory. The Warburg effect is well-
documented in neutrophils that they primarily use glycolysis for ATP generation™. Neutrophils
have arelative low number of mitochondria, low respiration rates and low enzymatic activity of
the electron transport chain®?. However, maintaining mitochondria membrane potential is still
required for chemotaxis. Disrupting mitochondria membrane potential by pharmacological
inhibitors abolished chemotaxis of isolated primary neutrophils™*°. Although mitochondria-
derived ATP possibly regulates neutrophil chemotaxisin vitro™, removal of extracellular ATP

actually improves neutrophil chemotaxis in vivo™. These conflicting reports prompted us to
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search for mechanisms delineating the role of mitochondriain neutrophil migration outside the

realm of ATP or cellular energy*’*°.

Neutrophils are terminally differentiated and undergo apoptosis within 24 hours in culture and
thus are not genetically tractable. We have overcome this hurdle by devel oping a neutrophil-
specific knockout platform in zebrafish®. The zebrafish is a suitable model for neutrophil
research because of its highly conserved innate immune system. In our previous work, we have
confirmed the requirement of mitochondrial membrane potential, biosynthesis and electron
transport chain in the migration of zebrafish neutrophils®. In addition, we have visualized a
highly fused tubular network of mitochondriain zebrafish neutrophils, which is consistent with
a previous report investigating primary human neutrophils™. Here we present evidence that
Mitofusin 2 (Mfn2) regulates Rac activation to coordinate neutrophil adhesive migration. In
addition, we reveal a previously unknown function of Mfn2 in regulating the actin
cytoskeleton, contributing to the understanding and management of patients with mitochondrial

diseases.

Results

Neutrophils depleted with mfn2 accumulate in zebrafish vasculature

Here, we address whether a highly fused mitochondrial network benefits neutrophil migration by

targeting and disrupting proteins that regulate mitochondrial shape in zebrafish neutrophils.

Mitofusins Mfn1 and Mfn2 are required for mitochondrial outer membrane fusion? and Opal
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regulates inner membrane fusion®. In embryos produced from the transgenic line we generated,
Tg(lyzC: Cas9-mfn2 sgRNAS)™?, that expresses two independent sgRNAS targeting mfn2, the
majority of neutrophils circulate in the bloodstream (Fig. 1a, b and Supplementary Movie 1).
Thisisin sharp contrast to the control or the wild-type embryos where over 99% of neutrophils
are retained in the caudal hematopoietic tissue or in the head mesenchyme®®. This abnormal
distribution of neutrophils was further confirmed in a second transgenic line expressing a
different set of sygRNASs targeting mfn2, Tg(lyzC: Cas9-mfn2 syRNAs#2) ™2 (Fig. 1a, b and
Supplementary Movie 2). Neutrophils were sorted from both lines and their respective loci
targeted by the 4 sgRNAs were deep sequenced. The overall mutation frequency ranged from
24% to 60%. In contrast, circulating neutrophils were not observed in embryos expressing
sgRNAs targeting opal, although the velocity of neutrophil migration in the head mesenchyme
was significantly reduced (Supplementary Fig. 1 and Supplementary Movie 3), indicating that

decreased neutrophil retention in tissue is not simply due to defects in mitochondrial fusion.

Next, we determined whether neutrophils in the vasculature were able to respond to acute
inflammation induced by atail transection or performing chemotaxisto LTB,. Significant
defects in both assays were observed in the line with neutrophil specific mfn2 deletion (Fig. 1c-f,
d and Supplementary Movie 4). Taken together, mfn2 regulates neutrophil tissue retention and

extravasation in zebrafish.

MFN2 regulates adhesion and adhesive migration in human neutr ophil-like cells
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To get to the mechanism how Mfn2 regulates neutrophil migration, we knocked down MFN2 in
human neutrophil-like cells, HL-60, using shRNAs and obtained two individual lines with 80%
and 50% reduction of MFN2(Fig. 2a). No difference in apoptosis or cell maturation was noticed
in the cell lines (Supplementary Fig. 2). First, we measured neutrophil static adhesion to
fibrinogen-coated substrates. Differentiated HL-60 cells (dHL-60) expressing one shRNA
targeting MFN2 (MFN2-shl) displayed significantly decreased adhesion in the absence or
presence of N-Formylmethionyl-leucyl-phenylalanine (fMLP) (Fig. 2b). The second shRNA
MFN2-sh2 also caused a dlight reduction in neutrophil adhesion. To recapitulate the phenotypein
zebrafish where neutrophils depleted with mi2 failed to adhere to the vasculature, we measured
cell adhesion to activated endothelial cells under shear stress. A majority of MFN2-deficient cells
failed to adhere to endothelial cells. A small fraction of cellsrolled on top of endothelial cell but
failed to arrest, suggesting a defect in forming tight adhesions (Fig. 2c, d and Supplementary
Movie5). We then used IBIDI chemotaxis slides to determine whether MFN2 is required for
neutrophil chemotaxis on collagen coated 2-dimensional surfacesthat require cell adhesion for
taxis. As expected, both shRNAs interfered with neutrophil chemotaxis towards fMLP (Fig. 3a,
b). To further validate the specificity of the shRNA, a shl resistant MFN2 was introduced to the
knock down cells and indeed the defect in chemotaxis was rescued (Fig. 3c-e and Supplementary
Movie 6). Intriguingly, when we knocked down MFN1 that shares a similar structure and
function with MFN2 in dHL-60 cells, we found no defects in chemotaxis (Supplementary Fig. 3
and Supplementary Movie 7). To investigate whether Mfn2 is required for neutrophil infiltration
in mice, we bred Mfn2 flox/flox mice® with the SI00A8-Cre strain®® for neutrophil specific
depletion. With 50% of Mfn2 protein reduction in neutrophils obtained in this strain, significant

reduction of neutrophil infiltration into the inflamed peritoneal cavity was observed (Fig. 3f, g).
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Blood cell composition was not altered by Mfn2 depletion (28% and 32% granulocytes in the
Cre" and Cre lines, respectively), consistent with a previous report that Mfn2 does not regulate
blood cell development under hemostatic conditions®. Therefore, MFN2 is required for

neutrophil chemotaxis and infiltration in mammals.

Mfn2 regulatesthe actin cytoskeleton and migration of mouse embryonic fibroblasts

In addition to neutrophils, we investigated the function of Mfn2 in mouse embryonic fibroblasts
(MEF). Mfn2-null MEFs are round with enriched actin filaments and Paxillin in the cell cortex,
whereas wt M EFs are elongated with stress fibers when plated on both ligand-coated and
uncoated substrates (Fig. 4aand Supplementary Fig. 4a, b). Mfnl-deficient MEFs were round but
retained stress fibers (Supplementary Fig. 4c, d). The significant changes in actin organization
suggest that Mfn2-null MEFs may migrate differently. Indeed, MEFs deficient with Mfn2
migrated slower when compared to wt cells during wound closure (Fig. 4c, d and Supplementary
Movie 8). In addition, right after plating, wt M EFs extended transient filopodia and lamellipodia
and eventually elongated, whereas Mfn2-null M EFs generated extensive membrane ruffles and
retained the circular shape (Fig. 4d and Supplementary Movie 9). Mfnl-null cells spread
similarly to the wt cells (Supplementary Fig. 4€). In summary, Mfn2 modulates the actin

cytoskeleton and cell migration in MEFs.

MFN2 suppresses RAC activation
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The predominant cortical actin, nascent focal contacts and extensive membrane rufflesin Mfn2-
null MEF cells (Fig. 4) resembled the classic phenotype of fibroblasts expressing the
constitutively active Rac?®, indicating that Mfn2 may negatively regulate Rac activation. We
therefore performed a RAC-GTP pull-down to measure RAC activation in MFN2-deficient dHL-
60 cells. Significantly increased amount of active RAC were detected in MFN2-shl cells5 min
after fMLP stimulation (Fig. 5a, b). RAC-GTP colocalized with F-actins at cell protrusions as
well asthe retracting rear of the cells (Fig. 5¢) and the lamellipodiain the MEN2-sh1 cells
accumulated more active RAC than that in the control cells. To determine whether RAC over
activation contributes to the chemotaxis defect in MFN2-deficient dHL-60 cells, a RAC inhibitor
NSC23766 was utilized. NSC23766 restored neutrophil adhesive migration in MFN2-shl cells,
at least partially, at a concentration that did not affect chemotaxis of control cells (Fig. 5d, e, and
Supplementary Movie 10), suggesting that MFN2 regulates neutrophil migration through

suppressing RAC activation.

Mfn2 regulates mitochondria-ER tethering and calcium signaling in dHL -60 cells

We next investigated how MFN2 regulates RAC activation in neutrophils. Mfn2 localizes to both
mitochondria and the ER membrane and regulates the tethering between the two organellesin
MEF?. To determine whether MFN2 mediates mitochondria-ER tethering in neutrophils, we
determined the distribution of MFN2 in dHL-60 cells. MFN2 colocalized with both the
mitochondria (stained with a TOMM 20 antibody) and the ER (stained with a CALNEXIN
antibody), and the Manders' colocalization coefficiency was 0.60+0.085 and 0.69+0.13,

respectively (Fig. 6a, b). Mitochondria colocalized with the ER (Manders' colocalization
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coefficiency 0.52+0.097) and distributed throughout the cell body (Fig. 6a, b). The morphology
of the mitochondria and the ER was a so visualized using electron microscopy in dHL-60 cells
(Supplementary Fig. 5). When MFN2 was inhibited, mitochondrialost their structure and
accumulated in the middle of the cell body and formed a clumpy structure similar to that in Mfn2
KO MEFs?. Together, these results suggest that M FN2 mediates mitochondria-ER tethering in

neutrophils.

The close proximity of the ER and the mitochondria regulates multiple cellular signaling
pathways including calcium homeostasis®™. Indeed, MFN2-deficient dHL-60 cells exhibited
higher levels of cytosolic Ca?* and reduced mitochondrial Ca?* levels after fMLP stimulation
(Fig. 6c¢, d). Furthermore, mitochondrial membrane potential and the ROS level in mitochondria
were also reduced when MFN2 was depleted, especialy post fMLP stimulation (Supplementary
Fig. 6a-d). Thisis consistent with the notion that mitochondrial Ca* activates the electron
transportation chain®'. On the contrary, the ATP levels were not affected in the MFN2 knock
down dHL-60 cdlls (Supplementary Fig. 6€), in line with the observation that mitochondria are
not amajor source of ATP in neutrophils™ *2. We attempted to buffer cytosolic Ca?* using
BAPTA to determine whether elevated cytosolic Ca?* is responsible for the chemotaxis defects
in MFN2 knock down cells. However, a global cytosolic Ca®* inhibition abrogated the ability of
dHL-60 to migrate (Supplementary Fig. 7), consstent with the previous observation that
cytosolic Ca?* possibly is tightly regulated spatially and/or temporally for neutrophil migration®
% In summary, depletion of MFN2 alters cellular Ca?* homeostasis but not ATP levelsin

neutrophils.
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MFN2 orchestratesthe activation of CaM K1l and TIAM2 to control neutrophil migration

Our data so far suggested that MFN2 regulates neutrophil adhesion to endothelium and adhesive
migration, via suppressing Rac over-activation and possibly excessive levels of cytosolic Ca?*. In
the literature, several pathways have been identified to link cytosolic Ca?* to focal adhesion
dynamics and Rho GTPases. In fibroblasts, elevated Ca’* facilitates focal adhesion disassembly
by triggering the activation of Ca’*/calmodulin-dependent protein kinase, CaMKI1*. CaMKl Iy
is the predominant form of CaMKII in HL-60 cells which regulates differentiation of myeloid
leukemia cells®. However CaMKI1’s rolein neutrophil adhesion or migration is not
characterized. Wefirst visualized the active, phosphorylated CaMKII and focal complexes in
polarized control and MFN2 knock down dHL-60 cells. The number of PAXILLIN positive
adhesion complexes was reduced in MFEN2-depleted cells, especially at the cell front (Fig. 7a, b).
Furthermore, the activated phosphorylated CaMKI I colocalized with PAXILLIN and was
significantly increased in MFN2-depleted cells (Fig. 7a, ¢). In addition, AlP, an inhibitor
targeting the catalytic activity of CaMKII, was able to restore cell adhesive migration in MFN2-
deficient cells, at least partially (Fig. 7e, f and Supplementary Movie 11), indicating that MFN2

regulates the activation of CaMKII in neutrophils.

CaMKII phosphorylates Tiam1, a guanine nucleotide exchange factor of Rac, and enhancesits
nucleotide exchange activity, although the phosphorylation sites are unknown®'. Tiam1 promotes

focal adhesion disassembly in fibroblasts®. In primary murine neutrophils, Tiam2 regulates cell
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motility also by triggering focal adhesion disassembly™. We next assessed the function of
TIAM2 in our system. TIAM2 formed punctathat colocalized with PAXILLIN whichis
distributed throughout the cell body including the leading edge of dHL-60 cells (Fig. 7d). The
TIAM inhibitor CAS1090893 restored adhesive migration in MFN2 depleted cells (Fig. 7e, f and
Supplementary Movie 11). Altogether, our data support amodel that MFN2 suppresses the level
of dlevated cytosolic Ca?* upon chemokine stimulation. Excessive Ca®* in turn triggers over
activation of CaMKII and its downstream target TIAM 2, leading to RAC-mediated focal

adhesion disassembly and impaired neutrophil adhesion (Fig. 79).

Discussion

Here we report that Mfn2 is crucial for neutrophil adhesion and adhesive migration, providing
evidence that Mfn2 regulates the actin cytoskeleton and cell migration. By maintaining the tether
between the mitochondriaand ER, Mfn2 orchestrates intracellular Ca?* signaling and regulates
Rac activation. We also provide evidence that the Ca’*-dependent kinase CaM K1 and its
substrate Tiam?2 are downstream effectors of Mfn2, regulating the activation of Rac in
neutrophils to modulate the stability of focal adhesion and cell migration. Therefore, we have
identified the mechanism for how Mfn2 regulates neutrophil adhesive migration, and highlighted

the importance of mitochondria and their contact with the ER in neutrophils.

Studies using knockout mice and cell culture have concluded that Mfnl and Mfn2 possess
unique functions, although both mediate mitochondrial outer membrane fusion?. Our data that

only MFN2, but not MFNL, isrequired for neutrophil adhesive migration supports that
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mitochondrial fusion is not likely important for neutrophil migration. Our observation goes
against a body of literature that mitochondrial fission promotes cell migration in other cell types”
19" Alternatively, we propose a model that, in neutrophils, the interaction of mitochondria with
the ER ismore critical than a fused network. Although MFN2 is not the only protein that can
mediate the mitochondria-ER tether®®, mitochondria and ER interaction was significantly
reduced upon MFN2 deletion in dHL-60, suggesting that MFN2 is at least one of the critical
tether proteinsin neutrophils. The fused network of mitochondrial network in neutrophilsis
possibly aresult of the abundant expression of the mitofusins. Mutations in human MFN2 cause
Charcot-Marie-Tooth disease type 2A (CMT2A), aclassical axonal peripheral sensorimotor
neuropathy*". MFN2 is also implicated in many other diseases such as cancer, cardiomyopathies,
diabetes and Alzheimer’s disease™. Currently, over 100 dominant mutations in the MFN2 gene
have been reported in CMT2A patients though how these mutations lead to disease is still largely
unknown. The challenges in MFN2 research are that MFN2 regulates mitochondrial fusion and a
plethora of cellular functions such as mitochondrial dynamics, transport, mtDNA stability, lipid
metabolism and survival®. In addition, gain-of-function and loss-of-function mutations are
reported that affect different aspects of cellular functions®. Our findings provide a new direction
to understand the consequences of MFN2 deficiency in disease pathology, namely the actin
cytoskeleton and Rac. Our findings also imply a possibility that the defect in immune cell
migration in humans may affect immunity or chronic inflammation and regulate the progression
of the aforementioned diseases. Future work will be required to carefully evaluate the individual
mutations of MFN2 identified in human diseases in immune cell migration. It is possible that
mutations disrupting mitochondria-ER tethering, but not membrane fusion, result in defectsin

regulating cell adhesion and the cytoskeleton.
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Our conclusions present a significant departure from the prevailing focus of bioenergy, in other
word ATP, in cell migration. In many cell types, including neutrophils, the relevance of
mitochondria-derived ATPin cell migration is emphasized™ *°. A recent report has confirmed
the established literature that mitochondria do not provide ATP in neutrophils®. Intriguingly,
OPA1 deletion suppresses the production of neutrophil extracellular traps and alters the cellular
ATP levels by indirectly suppressing glycolysis. In contrast, MFN2 deletion does not affect ATP
levels (Supplementary Fig. 6) or affect neutrophil extracellular trap formation®, suggesting again
distinct biological functions of OPA1 and MFN2, although both proteins regulate mitochondrial
shapes. In vascular endothelial cells, mitochondria also serve as signaling rather than energy-
producing moieties™. In our study, in addition to the altered Ca* level, mitochondrial membrane

potential and ROS, both critical for neutrophil chemotaxis and migration™® %

, werereduced in
stimulated MFN2-deficient dHL-60 cells. It remains to be determined whether the modest
decreases in mitochondria membrane potential or ROS contribute to the defect of neutrophil

migration upon MFN2 deletion.

Cdl migration requires temporally and spatially regulated distribution of cytoskeleton networks,
adhesion structures®™ and Rho family GTPases. During neutrophil migration, Rac is well
appreciated to localize to the front of cells* whereit nucleates branched actin to generate
lamellipodia and membrane protrusion*’. Recently, Fayngerts et al have developed a method to
stain Rac-GTP and concluded that Rac-GTP enriches at the leading edge in both murine
neutrophils and dHL-60 cells®, without F-actin or other leading edge marker co-stained. In our

current study, we observed a similar pattern of Rac-GTP staining, but noticed that active Rac
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does not necessarily localize to cell protrusions labeled with F-actin. This observationisalso in
line with live neutrophil imaging using Rac FRET reporter mice where Rac activation oscillates
between cell front and rear™. The function of Rac in the cells is possibly related to its ability to
trigger focal adhesion disassembly® **. Nascent adhesions and focal complexes, prominent in
highly motile cells like leukocytes (reviewed in?), may be required to generate an anchor for the
polymerizing actin to overcome the membrane tension which allows cells to move forward.
Integrin-mediated adhesions also dissemble at the rear to allow tail detachment. Conceptually, it
makes sense that Rac is activated at both the front and rear to dissemble adhesion structures to

regulate cell migration.

In neutrophils, there are four families of Rac-GEFs, including the Dbl-type P-Rex, Vav, Tiam
and a structurally-unrelated DOCK family, with the Tiam?2 least characterized®. Tiam1 localizes
to focal adhesions viadirect binding to Talin where it mediates Rac activation and promotes cell
spreading and adhesion turnover®. In our study, we observed fewer focal adhesionsin MFN2-
deficient neutrophils. The pharmacological inhibitor CAS1090893, which disrupts the interaction
between Tiam and Rac, reversed the migration defect of MFN2-deficient neutrophils, indicating
that Tiam is regulated by MFN2 in neutrophils. Indeed, blocking Tiam2 stimulated focal
complex formation in murine neutrophils™ and skin papilloma cells®. In addition, constitutively-
active Tiam2 led to accumulation of adhesion structures around the cell periphery®, a phenotype
also observed in Mfn2-null MEFs, further supporting that Tiam is over activated in cells lacking

Mfn2.
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Our result in leukocyte is consistent with previous work in murine fibroblasts® that knocking out
Mfn2 results in excessive cytosolic Ca®* and defective mitochondrial calcium uptake.
Intriguingly, blocking mitochondrial calcium import by inhibiting the mitochondria uniporter
resulted in the reduction of the ER and cytosolic Ca®* pools and a migration defect™, albeit with
different mechanisms. It has been well-established that elevation of Ca?* induces focal adhesion
disassembly in multiple cell types™ *°, although the mechanismiis less clear. In neutrophils, it
was noted that cytosolic Ca* is required for neutrophils to detach from the substrates®. Our
results suggest that the CaMKI1-Tiam2-Rac axisis amajor pathway regulated by Mfn2 and
cytosolic Ca®™ to regulate focal adhesion disassembly and neutrophil migration. Although
cytosolic Ca?* triggers the activation of Rac™’, previous work in neutrophils suggests that Rac
activation was independent of cytosolic Ca?**" 8. This discrepancy could be explained with the
differences in assay conditions (suspension vs. adhesion) or Ca”* levels (elevation vs. reduction).
It remains to be determined which residues on Tiam2 are phosphorylated by CaMKI| that lead to
a conformational change and activation of Tiam family GEFs™. Additional characterizations are
also needed to determine whether other calcium sensitive molecules, such as Calcineurin, myosin
light chain kinase, PK C/RhoGAP and Calpain®” °*®?, are regulated by Mfn2 to regulate focal

adhesion dynamics in neutrophils.

In summary, by suppression of Mfn2 in different models, we have discovered an essential role
Mfn2 plays in neutrophil adhesion and migration, and determined the downstream mechanism,
which may provide insights and potential therapeutic strategies for the treatment of inflammatory

diseases and mitochondrial diseases.
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Online M ethods

Animals

The zebrafish and mice experiments were conducted in accordance to the internationally
accepted standards. The Animal Care and Use Protocols were approved by The Purdue Animal
Care and Use Committee (PACUC), adhering to the Guidelines for Use of Zebrafish and Micein
the NIH Intramural Research Program (Protocol number: 1401001018 and 1803001702,
respectively).

To generate transgenic zebrafish lines, plasmids with the tol2 backbone were coinjected with
Tol2 transposase MRNA into embryos of the AB strain at one-cell stage as described®.
Constructs for neutrophil-specific knock out in zebrafish were generated as described® using the
following primers (guide RNA sequences were indicated with underscores):

mfn2 guidel-F1:

GTGGATGAGCTGCGGGTGGGTTTAAGAGCTATGCTGGAAACAGCATAGC mfn2

guidel-R1: CGCACCTCCGCCACCTGCCCGAACTAGGAGCCTGGAGAACTGC

mfn2 guidel-F2: GGTGGCGGAGGTGCGGTTTAAGAGCTATGCTGGAAACAGCATAGC
mfn2 guidel-R2: CCGCAGCTCATCCACCGAACCAAGAGCTGGAGGGAGA
mfn2 guide2-F1:

GGGGGATACCTGTCCAAAGGTTTAAGAGCTATGCTGGAAACAGCATAGCAAG

mfn2 guide2-R1.:

AGACCTTCCTCTATGTGCCCGAACTAGGAGCCTGGAGAACTGCTATATAAAC
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mfn2 guide2-F2:
CATAGAGGAAGGTCTGTTTAAGAGCTATGCTGGAAACAGCATAGCAAGTTTAAATA
AG

mfn2 guide2-R2:
GGACAGGTATCCCCCCGAACCAAGAGCTGGAGGGAGAGCTATATATAC opal guide-

F1: GTAGTTGGGGACCAGAGTGGTTTAAGAGCTATGCTGGAAACAGCATAGC opal

guide-R1: CCTCACTGCTCAGCTGCCCGAACTAGGAGCCTGGAGAACTGC

opal guide-F2: AGCTGAGCAGTGAGGGTTTAAGAGCTATGCTGGAAACAGCATAGC
opal guide-R2: CTGGTCCCCAACTACCGAACCAAGAGCTGGAGGGAGA

All mice used in this study were purchased from Jackson Laboratories. Conditional Mfn2
knockout mice (B6.129(Cg)-Mfn2"™P/J) were crossed to S1I00A8-Cre (B6.Cg-Tg(S100A8-cre,
-EGFP)111w/J) transgenic mice to obtain a homozygous floxed Mfn2 alleles with or without the
Cre. All mice were used at age 6-12 weeks, and both male and female were used for

experiments.

Cell Culture

A clonal HL-60 line was a generous gift from Dr. Orion D. Weiner (UCSF). HEK293T, wild-
type, Mfn2-null and Mfn1-null M EFs were purchased from American Type Culture Collection
(ATCC). HUVEC was from Sigma-Aldrich (200P-05N). All cells were maintained in their
specific mediaat 37°C with 5% CO,. HL-60 cells were cultured in RPM1-1640 (Corning) with
10% FBS (Minipore), 25 mM HEPES, 1% sodium bicarbonate, and 1% sodium pyruvate.
HEK293T and MEF cells were cultured in 10%FBS, 4.5g/glucose DMEM (Corning) with

sodium bicarbonate. HUVEC was cultured in Endothelial cell Growth Media (R&D SYSTEMS,
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CCMO027). HL-60 cells were differentiated with 1.5% DM SO for 5-6 days. Cells were checked
monthly for mycoplasma using the e-Myco plus Mycoplasma PCR Detection Kit (Bulldog Bio
25234).

To generate knocking down linesin HL-60 cells, pLKO.1 lentiviral constructs with shRNA was
obtained from Sigma-Aldrich (MFN2-sh1: TRCN0000082684, MFN2-sh2: TRCN0000082687,
MFNZ1-sh: TRCN0000051837), and SHC 003 was used as a non-targeting control. MFN2 rescue
construct was generated by replacing GFP with shl-resistant MFN2. Primers MFN2r-F.
CAAGTGTATTGTGAAGAGATGCGTGAAGAGCGGCAAG and MFN2r-R:
TTCACAATACACTTGTTGCTCCCGAGCCGCCATG was used to make shil-resistant MFN2
with Mfn2-Y FP (addgene #28010) asthe template. Primers pLKO-F:
AATTCTCGACCTCGAGACAAATGGC and pLKO-R: GGTGGCGACCGGGAGCGC were
used to linearize the backbone of pLKO, and p-MFN2r-F:
CTCCCGGTCGCCACCATGTCCCTGCTCTTCTCTCG and p-MEN2r-R:
TCGAGGTCGAGAATTTTATCTGCTGGGCTGCAGGT were used to amplify shl-resistant
MFN2 fragment. In-Fusion cloning (In-Fusion HD Cloning Plus kit, Clontech) was used to fuse
the shl-resistant MFN2 fragment with the linearized backbone. pLKO.1 constructs together with
pCMV-dR8.2 dvpr (addgene #8455) and pCM V-V SV-G (addgene #8454) were co-transfected
into HEK293T cells with Lipofectamin 3000 (Invitrogen L3000015) to produce lentivirus. Virus
supernatant was collected at both 48 hpt and 72 hpt, and further concentrated with Lenti-X
concentrator (Clotech 631232). HL-60 cells were infected with concentrated lentivirusin
complete medium supplemented with 4 ug/ml polybrene (Sigma TR-1003-G) and then selected

with 1 pg/ml puromycin (Gibco A1113803) to generate stable line.
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Microinjection
Microinjections of fish embryos were performed as described®. Briefly, 1 nl of mixture
containing 25 ng/pl plasmid and 35 ng/pl Tol2 transposase MRNA was injected into the

cytoplasm of embryos at one-cell stage.

Tailfin wounding and Sudan black staining. Tailfin wounding and Sudan Black staining were
carried out with 3 dpf embryos as described®. Briefly, embryos were fixed in 4%

paraformaldehyde in phosphate-buffered saline overnight at 4°C and stained with Sudan black.

Liveimaging

Time-lapse images for zebrafish circulation, LTB4 bath, flow adhesion assay were obtained with
AXI10O Zoom V16 microscope (Zeiss) at no interval or 30 sinterval (LTB4 bath). Time-lapse
fluorescence images for zebrafish neutrophil motility were acquired by a laser scanning confocal
microscope (LSM 710, Zeiss) with a1.0/20 x objective lensat 1 min interval of 30 min.
Neutrophils were tracked using ImageJ with M TrackJ plugin and the velocity was plotted in
Prism 6.0 (GraphPad).

For confocal imaging, images were obtained using a laser-scanning confocal microscope (LSM
800, Zeiss) with a 1.4/63x oil immersion objective lens. Images were analysis with Imagel.

For fluorescence intensity measurement, images within an experiment were acquired using
identical camera settings and background was subtracted by ImageJ with the rolling ball radius
as 50. Mean fluorescence intensity of interested areas was measured by Measurement in ImageJ
and plotted in Prism (GraphPad) software. For colocalization analysis, background was

subtracted in both channels using ImageJ with the rolling ball radius as 50. Images were then
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processed by Coloc 2 of Imagel] to calculate the colocalization. Interaction between channels was

quantified by Manders' colocalization coefficient as described™.

Adhesion assay

Adhesion assay was performed as described®. Differentiated HL-60 cells were resuspended in
mHBSS (HBSS with 0.5% FBS and 20 mM HEPES) and plated in 96-well plate (greiner bio-one
655069) coated with 10 pg/ml fibrinogen (sigma F3879) for 1 h with 20,000 cells /well. Cells
wereincubated at 37°C for 15 min. PBS or fMLP (sigma F3506) at a final concentration of 100
nM was added to each well, and cells were incubated for another 15 min. Then cells were gently
agitated and wash with mHBSS twice to remove unattached cells, and stained with 0.5% crystal
violet with 4% paraformaldehyde for 30 min at room temperature. Adhesion of cells was

assessed by measurement of absorbance at 570 nm.

p-slide Chemotaxis

Differentiated HL-60 cells were resuspended in mHBSS at 4x10%/ml and loaded into p-slides
(ibidi, 80322) following manufacturer’ sinstructions. fMLP was added to the right reservoir at a
concentration of 1 uM. Chemotaxis was recorded every 1 min for 2 h using a laser scanning
confocal microscope (LSM 710, Zeiss) with a1.0/10 x objective. The velocity of neutrophils was
measured using ImageJ with M TrackJ plugin and plotted in Prism 6.0 (GraphPad). For inhibitor
treatments, dHL-cells were pre-treated with DM SO, NSC23766 (200 uM, Sigma SML0952),
AIP (50 uM, R&D SYSTEM S 5959/1) or CAS 1090893 (50 uM, Millipore 553511) for 30 min

before loading into p-slides.
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Flow adhesion

Neutrophil flow adhesion assay was performed as described®’. Briefly, 5x10° HUVEC cellsin 2
ml were plated onto 10 ug/ml fibrinogen-coated 35 mm plate (Corning 430165), and incubated at
37°C. Then the HUVEC monolayer was primed by 20 ng/ml human TNF-a (Life technologies
PHC3015) for 4-6 h. dHL-60 cells were harvested and resuspended at acell density of 5x10°
cellsyml in complete medium. dHL-60 cells were flowed on top of HUVEC monolayer at a speed
of 350 pl/min using a syringe pump. Cells adhering to the monolayer were recorded using AXIO
Zoom V16 microscope (Zeiss) with camera streaming for 5 min. The total number of adherent

neutrophils were quantified at 5 min.

Rac-GTP pulldown assay

PAK-GST-coated beads (Cytoskeleton BK035) was used to isolate active Rac from whole-cell
lysate as described®. Briefly, dHL-60 cells were serum starved with RPM I medium lacking FBS
for 1 hin theincubator at adensity of 2x10° cells/ml. After starvation, cells were pelleted and
suspended in MHBSS, and plated on fibrinogen-coated 100 mm tissue culture dish to attach for
30 min. fMLP was then added to the cells at afinal concentration of 100 nM, then cells were
lysed with ice-cold lysis buffer at indicated time points and collected by scrapples. 10 ug PAK-
GST beads were mixed with each sample and incubated at 4°C for 1h. Protein beads were

washed and processed for western blot.

Western Blot
Protein samples were separated using SDS-PAGE and transferred onto nitrocellulose membranes

(L1-COR NC9680617). Membranes were blocked for ~30 minin PBST (PBS and 0.1% Tween
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20) with 5% BSA. After blocking, membranes were incubated with primary antibodies diluted
1:1,000 in PBST at 4°C for overnight and secondary antibodies diluted 1:10,000 in PBST at
room temperature for 1 h. Odyssey (LI-Cor) was used to image membranes. Primary antibodies
anti-Mfn2 (Cell Signaling 9482S), anti-Mfnl (Cell Signaling 14793S), anti-beta-Tubulin
(DSHB, E7), anti-Rac1/2/3 (Cell Signaling 2465S) and secondary antibody anti-rabbit
(ThermoFisher SA5-35571), anti-mouse (Invitrogen 35518) were used. For active Rac pull down
assays, images were analyzed by Imagel. Theratio of active Rac to total Rac was calculated and

normalized to the value of vector control.

Bone Marrow Neutrophil isolation and western blot

Femurs and Tibias from mice 8-12 weeks of age were isolated and whole bone marrow was
isolated, and passed through a 70 um filter followed by RBC lysis (Qiagen 158904). Bone
marrow neutrophils were isolated using a negative selection column (MACS 130-097-658).
Neutrophils viability was determined by trypan blue staining showing >99% viability. 2x10"6
neutrophils were used for western blot to assess Mfn2 KO (anti-Mfn2, Invitrogen-PA5-42171)

efficiency where Vinculin (anti-Vinculin, Sigma V9131) was used as a loading control.

Peritonitis model

1ml of 4% thioglycollate (Sigma B2551) was injected directly into the peritoneal cavity of mice
6-8 weeks of age. After 3 hours of incubation, peritoneal ascites were collected by introducing 8
ml of PBS into the cavity and collecting the ascites immediately afterwards. Cells were subjected
to RBC lysis and viability was determined via trypan blue staining. Total cells were stained with

CD11b (BD 557686) and Ly6G (BD 566453) on ice for 30 minutes and washed 3 times with
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staining buffer. Cells profiles were collected with aBD fortessa analyzer and analyzed with
Beckman kaluza software. Neutrophil population was defined as FCS/SSC high and
CD11b+Ly6G"". Percentage of neutrophilsin the lavage relative to total viable cellsin each

experiment was normalized to the sex-matched littermate control.

| mmunostaining

dHL-60 cells were resuspended in mHBSS and attached to fibrinogen-coated slides for 30 min.
Then cells were stimulated with 100 nM fMLP for 3 min and fixed with 3% paraformaldehyde in
PBSfor 15 min at 37°C. Theimmunostaining of fixed cells were performed as described®.
Briefly, after fixation, cells were permeabilized in PBS with 0.1% Triton X-100 and 3% BSA for
1 h at room temperature. dHL-60 cells were incubated with phalloidin -AlexaFluor 488
(Invitrogen A12379) or primary antibodies diluted 1:100 in 3% BSA overnight at 4 °C. The cdlls
were then stained with secondary antibodies diluted 1:500 in 3% BSA and DAPI (Invitrogen
D3571) for 1 h at room temperature. Images were acquired using LSM 800 (Zeiss) and processed
with Imagel. For MEF staining, cells were plated onto fibrinogen-coated slides and incubated for
~4 h at 37 °C, followed with fixation with 3% paraformaldehyde in PBS. Primary antibodies
anti-Mfn2 (Cell Signaling 9482S), anti-TOMM 20 (Santa Cruz sc-17764), anti-Calnexin
(ThermoFisher MA3-027), anti-Tubulin (Sigma T5168), anti-Paxillin (Invitrogen AHO0492),
anti-RAC-GTP (NewEast Biosciences 26903), anti-p-CaMKII (Cell Signaling 12716S), anti-
Tiam2 (Abcam ab199426), and secondary antibody anti-rabbbit AlexaFluor 568 (Invitrogen A-

11011), anti-mouse AlexaFluor 647 (Invitrogen A21236) were used.

Electron microscopy
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Transmission Electron Microscopy was performed at Purdue Life Science Microscopy Facility.
dHL-60 cells were pelleted and fixed in 2.5% glutaraldehyde in 0.1 M sodium cacodylate buffer,
post-fixed in buffered 1% osmium tetroxide containing 0.8% potassium ferricyanide, and en bloc
stained in 1% aqueous uranyl acetate. They were then dehydrated with a graded series of
acetonitrile and embedded in EMbed-812 resin. Thin sections (80nm) were cut on aLeica EM
UCG6 ultramicrotome and stained with 2% uranyl acetate and lead citrate. Images were acquired
using a Gatan US1000 2K CCD camera on a FEI Tecnai G2 20 electron microscope equipped

with aLaB6 source and operating at 100 kV or 200kV .

Ca’®* measurement

Fluo-4 Calcium Imaging Kit (Invitrogen F10489) was used for cytosolic Ca?* measurement.
dHL-60 cells were resuspended in mHBSS and incubated with PowerLoad solution and Fluo-4
dye at 37 °C for 15 min and then at room temperature for 15 min. After incubation, cells were
washed with mHBSS and loaded into fibrinogen-coated 96-well plates (greiner bio-one 655069)
with 20,000 cellsin 150 ul for each well, followed by incubation at 37 °C for 30 min. Green
fluorescence images were recorded by BioTek Lionheart FX Automated Microscope with 20x
phase lens at 1sinterval of 10s. Then 15 ul of 1 uM fMLP was injected into cells using the
injector of BioTek Lionheart FX Automated Microscope. Images were recorded for another 2
min with 1sinterval. The fluorescence intensity of basal Ca®* level was set to O.

For mitochondrial Ca®* measurement, Rhod-2 (Invitrogen R1245M P) was used. dHL-60 cells
were incubated in mHBSS with Rhod-2 at 37 °C for 30 min, and then washed and added into
fibrinogen-coated 96-well plates with 150 pl/well. After 30 min incubation, time-lapse red

fluorescence images were acquired by BioTek Lionheart FX Automated Microscope with 1s
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interval of 10s and followed by fMLP injection and image recording for another 2 min with 1s

interval. The fluorescence intensity of basal Ca?* was normalized to 0.

Cell spreading

MEF cell spreading assay was performed as described™. Briefly, cells were trypsinized and
replated onto fibrinogen-coated -slide 8 well plates (ibidi 80826) with complete medium. Time-
lapse images were acquired using BioTek Lionheart FX Automated Microscope with 20x phase

lens at 2 min interval of ~3 h at 37°C with 5% CO..

Wound closure

MEF cells in complete medium were seeded onto 96-well plates (FALCON 353075) and
incubated at 37 °C overnight. A wound was induced by automated 96-well WoundScratcher
(BioTek) for each well. Cells were washed twice with mHBSS and time-lapse images were
acquired using BioTek Lionheart FX Automated Microscope with 4x phase lens at 20 min

interval of ~12 h at 37°C with 5% CO..

Flow cytometry analysis

dHL-60 cells were harvested and resuspended into ice-cold FACS buffer (PBS with 1% BSA) at
a concentration of 1x10° cells/ml. 5 ul of Annexin V (BD 563973) solution were added into 100
ul cell suspension and incubated at room temperature for 30 min. Cells were washed for three

times with ice-cold FACS buffer, and followed by flow cytometry analysis.

Mitochondrial membrane potential, ROS, and ATP measur ement
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Mitochondrial membrane potential was measured usng TMRM. dHL-60 cells were resuspended
in mMHBSS and incubated with 150 nM MitoTracker (Invitrogen M22426), 20 nM TMRM
(Invitrogen T668), and 0.2 ug/ml Hoechst (Invitrogen H3570) for 30 min at 37 °C. Then cells
were washed and plated onto fibrinogen-coated p-slide 8 well plates. After 30 min incubation,
cells were stimulated with or without fMLP at a concentration of 100 nM. The fluorescent
images were acquired using BioTek Lionheart FX Automated Microscope with 20x phase lens,
and processed using ImageJ. Mitochondrial membrane potential was measured using the
fluorescence intensity of TMRM normalized to the intensity of MitoTracker of each cell. For
mitochondrial ROS measurement, MitoSOX (M 36008) was used. 5 uM of mitoROX was added
to the cell suspension and incubated for 30 min at 37 °C. Cellular ATP level was measured using
ATP Assay Kit (abcam #ab83355) according to the assay procedure. Briefly, dHL-60 cells
treated with or without fMLP were harvested, washed with PBS, and resuspended in ATP Assay
Buffer. Samples with ATP reaction mix were loaded into 96-well plate (greiner bio-one 655069)
and incubated at room temperature for 30 min protected from light. Results were measured using
amicroplate reader (BioTek) at EX'Em = 535/587. All results were normalized to control cell

lines without fM LP treatment.

Mutational Efficiency Quantification

The mutation efficiency of neutrophil-specific knockout in zebrafish was quantified as
described®. To determine the mutation efficiency in Tg(lyzC: Cas9-mfn2 sgRNAS),

Tg(lyzC: Cas9-mfn2 sgRNAs#2), and Tg(lyzC: Cas9-opal sgRNAs), 3 dpf embryos of each line
were digested with trypsin to prepare single cell suspensions. mCherry positive cells were sorted

by FACS. Genomic DNA was purified using QlAamp DNA Mini Kit (Qiagen) from sorted cdlls.
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5 ug of poly(dA:dT) (Invivogen) were used asthe carrier DNA. The mfn2 and opal loci around
the sgRNA binding sites were amplified using PCR with the following primers:

mfn2-F1: GGCGATGATAAACATGGCAGTTTG, mfn2-R1:
GTACCACAGGTGCACAGTGTC, mfn2-F2: CTGGGACGCATCGGCCAATG, mfn2-R2:
CTACCTGCTTCAGGCATTCCCTG, mfn2#2-F1: GTCGGGCTTCTCCTAAGTTATTC,
mfn2#2-R1: CAGTGTCCATAGCCTAGAGTCTGC, mfn2#2-F2:
GTGGTCTCATATAATTTTGCTTGCTG, mfn2#2-R2:
CACACGCGAATCGATAAGAGGAAT, opal-F1i:
CAAGCTCATTAAAGGTTTGAAACCACTTG, opal-R1:
CTCCACAAATCACATAGGTGAC, opal-F2: GTGCCTGAATGCTCTACACTTTC, opal-R:
CATGATAACAATACCATGCACATGC, Purified PCR products were used for library
construction with Nextera library prep kit and sequenced using an [lluminaMiSeq 300 at the
sequencing center of Purdue University. Raw reads have been deposited to the Sequence Read
Archive (Accession number PRINA510381,
https://www.ncbi.nlm.nih.gov/Traces/study/?acc=SRP132222). Mutational efficiency was

calculated using the CrispRVariants R package (Lindsay et al., 2016).

Statistical analysis

Statistical analysis was performed with Prism 6 (GraphPad). Two-tailed student’ st test, or
ANOVA was used to determine the statistical significance of differences between groups. A P
value of less than 0.05 indicated in the figures by asterisks was considered as statistically

significant.
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Figure 1. Mfn2 regulates neutrophil homeostasisin zebrafish. a) Schematics of the gene
structure and protein domains of the zebrafish mfin2 gene. The first set of sgRNAS (purple lines)
targets exon 3 and exon 8 in the forward strand, and the second set (blue lines) targets exon 3 and
exon 13 in the forward strand. b) Representative images of neutrophils in the zebrafish trunk of
the transgenic lines with neutrophil specific mfn2 disruption at 3 dpf. Magenta arrows:

neutrophilsin the caudal hematopoietic tissue; yellow arrows: neutrophils in the vasculature. )
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Representative images and d) quantification of neutrophil recruitment to the wound edge at 1
hpw. Blue arrows: neutrophils migrated to the wound. €) Representative tracks and f)
guantification of neutrophil recruitment to the fin at 30 min post LTB, treatment. Blue arrows:
neutrophilsin the fin. One representative result of three biological repeatsisshownindand f. *,

p<0.05, **** p<0.0001, unpaired t-test. Scale bar: 50 um.
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Figure 2. MFN2 regulates adhesion of dHL -60 cells. @) Western blot determining the
expression level of MFN2 in indicated cell lines. ctrl: standard control sShRNA; shl: shRNA
targeting MFN2; sh2, another shRNA targeting MFN2. b) Relative adhesion of neutrophilsto
fibrinogen coated substrate in the absence and presence of fMLP. ¢) and d) Adhesion of
neutrophils under sheer stress. HUVEC monolayer was activated with TNFa and neutrophils
were flowed on top of the monolayer for 5 min. c) Representative images showing neutrophils
arrested by HUVEC at different time points. White arrow: flow direction. d) Quantitation of
numbers of neutrophils arrested at 5 min. Data were pooled from three independent experiments.

*, p<0.05; **, p<0.01, one-way ANOVA (b). ***, p<0.001, unpaired t-test (d). Scale bar: 50 um.
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Figure 3. MFN2 regulates neutrophil migration in vitro and in vivo. a) Representative
images with individual tracks of neutrophil chemotaxisto fMLP. b) Quantification of velocity of
neutrophil chemotaxisto fMLP. ¢) and d) A shl resistant MFN2 gene was reintroduced to the
MFN2 knock down cells expressing shl. ¢) Quantification and d) Representative images with
individual tracks of neutrophils migrating toward fMLP. One representative result of three
biological repeatsis shown in b and d. **, p<0.01, ****  p<0.0001, one-way ANOVA. Scale bar:
50 um. ) Western blot showing the expression level of MFN2 in indicated cell lines. f) Western
blot showing the expression level of Mfn2 in mice neutrophilsisolated from Mfn2"oflox:
S100A8:Cre+ or the control Mfn2"®/1°*: S100A8: Cre- littermates. g) Neutrophil infiltration to
peritoneal cavity in indicated mice. Percentage of neutrophilsin the lavage was normalized to

that in sex-matched littermates in each experiment. *, p<0.05, paired t-test.
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Figure4. Mfn2 regulat cytosketon organization and cell migrtion in MEFs. @)
Immunofluorescence of F-actin (phalloidin), microtubule and Mfn2 in wt and Mfn2-null MEFs.

b) Immunofluorescence of F-actin and Paxillin in wt and Mfn2-null MEFs. c) Representative
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images of wt and Mfn2-null M EFs during wound closure at indicated time points. Y ellow dash
lines: wound edge. d) Quantification of the wound areain wt and Mfn2-null M EFs during wound
closure. **, p<0.01, ***, p<0.001, ****  p<0.0001unpaired t-test. €) Representative images of wt
and Mfn2-null MEFs during cell spreading at indicated time points. Scale bar: 10 um (aand b),

20 umin eand 200 umin c.
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Figure 5. MFN2 suppresses RAC overactivation in dHL-60 cells. @) Western blot determining
the amount of RAC-GTP and total RAC protein in dHL-60 treated with fMLP at indicated time
points. b) Quantification of RAC activation 5 min after stimulation with fMLP. ¢)
Immunofluorescence of F-actin and GTP-RAC in indicated cell lines 3 min after stimulation
with fMLP. Arrows: direction of cell polarization. d) Representative images with individual
tracks. €) Quantification of velocity of neutrophil chemotaxisto fMLP in the presence of vehicle
or the Rac inhibitor NSC23766. Data were pooled from three independent experimentsin b. One
representative result of three biological repeats was shown in e. *, p<0.05; ****  p<0.0001,

unpaired t-test. Scale bar: 10 pminc; 100 umind.
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Figure 6. MFN2 regulates ER-mitochondria inter action and intracellular Ca?*. a)
Immunofluorescence of F-actin (phalloidin), mitochondria (TOMM20), MFN2 and ER
membrane (CALNEXIN) in indicated cells 3 min post fMLP stimulation. Arrows: direction of
cell polarization. b) Plot profiles of the fluorescence intensity (MFI) along the corresponding
yellow linesin a c) Cytosolic Ca’" in the control or MFN2 knockdown cell lines after fMLP
stimulation. d) Mitochondrial Ca?* in the control or MFN2 knockdown cell lines after fMLP

stimulation. One representative result of three biological repeatsis shown in c and d.
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Figure 7. MFN2 regulates adhesions through CaMK 11 and TIAM 2 in dHL-60 cells. a)

Immunofluorescence of F-actin (phalloidin), PAXILLIN, p-CaMKII in indicated cell lines3 min
post fMLP stimulation. b) Quantification of PAXILLIN punctaat the leading edge of cells. ¢)

Quantification of mean fluorescence intensity of p-CaMKII in the cell body. d)
45


https://doi.org/10.1101/608091
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/608091; this version posted April 15, 2019. The copyright holder for this preprint (which was not
certified by peer review) Is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available under
aCC-BY-NC-ND 4.0 International license.

Immunofluorescence of F-actin (phalloidin) and TIAMZ2 in indicated dHL-60 cells treated with
fMLP. Arrows: the direction of cell polarization; Arrow heads:. the close proximity of
PAXILLIN and pCAMKII or TIAM. e) Quantification of the velocity and f) representative
tracks of dHL-60 cells migrating to fMLP in the presence of vehicle, the CaMK inhibitor AIP or
the TIAM inhibitor CAS 1090893. Data were pooled from atotal of 17 cells (in b) and 10 cells
(in c) in three independent experimentsin b and c. One representative result of three biological
repeatsisshownin e *, p<0.05; **, p<0.01, unpaired t-test in b and c. *, p<0.05; ***, p<0.001,

one-way ANOVA ine. Scalebar: 10 uminaand d; 100 uminf.
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