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Abstract

Protein tyrosine phosphorylation plays a critical role in cell signaling and regulates a
variety of biological processes, including cell differentiation, migration and
proliferation. The molecular switch of tyrosine phosphorylation is coordinated by
protein tyrosine kinases (PTKSs) and protein tyrosine phosphatases (PTPs). Our previous
study has shown that PTPN3 is involved in the regulation of EGFR endocytic
trafficking and lung cancer cell proliferation. PTPN3 is a non-transmembrane PTP that
contains a N-terminal FERM domain, a PDZ domain and the C-terminal PTP domain.
However, the biological function of PTPN3 remains largely unknown.

Previously, we used substrate trapping approach to find the potential substrates of
PTPN3. The results showed that Bicaudal D (BICD) is a potential substrate of PTPNS3.
BICD, a dynein adaptor protein, interacts with the small GTPase Rab6 and recruits the
dynein-dynactin complex to regulate Golgi-ER transport. In this study, we found that
the BICD is a tyrosine phosphorylated protein and PTPN3 can down-regulate the
phospho-tyrosine level of BICD. Moreover, Src tyrosine kinase can phosphorylate the
tyrosine residues in the coiled-coil domain of BICD. Further, our preliminary data
showed that BICD-YF mutant does not affect the anterograde transport of VSVG and
the Golgi morphology. In Drosophila, we found that dPtpmeg genetically interacts with
dBicD. We are currently investigating the function of dPtpmeg-dBicD interaction in

Drosophila development.

Key words: PTPN3, BICD2, tyrosine phosphorylation, Src
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Introduction

Protein tyrosine phosphatase

PTP overview

Protein tyrosine phosphorylation coordinated by protein tyrosine kinases (PTKSs) and

protein tyrosine phosphatases (PTPs) plays a critical role in cell signaling and regulates

a variety of biological processes, including cell differentiation, migration and

proliferation (Ostman and Bohmer, 2001; Tonks, 2006). PTPs are a superfamily of

enzymes that remove phosphate group from phosphorylated Tyr, Ser/ Thr residues on

proteins, and even phospholipid (Maehama and Dixon, 1998). PTPs were initially

considered as housekeeping enzymes with constitutive activity to dephosphorylate

every substrate they were confronted(Angers-Loustau et al., 1999). About 100

PTP-superfamily genes in human genome (Alonso et al., 2004). Characterized by the

active-site signature sequence HC(X)sR in the conserved catalytic domain, in which

cysteine residue is to be a nucleophile and necessary for catalysis, PTPs can be divided

into two major groups: the classical tyrosine-specific phosphatases and the

dual-specificity phosphatases (DUSPs). Classical PTPs only can dephosphorylate

phosphotyrosine residue on proteins; and DUSPs can accommodate the phosphotyrosine,

phosphoserine, and phosphothreonine residues on proteins, in addition to inositol

phospholipids. PTEN, a DUSP, is a well-known tumor suppressor that have been
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implicated in insulin signaling and cell death through anoikis by dephosphorylating P1P3

and Akt (Maehama and Dixon, 1998; Yamada and Araki, 2001).

Classical PTPs can be further categorized into two groups, transmembrane

receptor-like PTPs (RPTPs) and non-transmembrane PTPs (NRPTPs) (Andersen et al.,

2004). RPTPs regulate signaling transduction through the ligand-dependent protein

tyrosine dephosphorylation, and many of them have been reported to be involved in the

regulation of cell-cell and cell-matrix adhesions. For instance, CD45, a RPTP, acts as a

vital role in the immune system that regulates the initiation of T and B cell receptor

signaling by dephosphorylating Src family protein-tyrosine kinases such as Lck and Fyn,

and also involves in autoimmune response (Beltran and Bixby, 2003; Katagiri et al.,

1999; Lee et al., 1996; Rheinlander et al., 2018). On the other hand, many

non-transmembrane PTPs participate in regulating growth factor signaling pathways

(Tonks, 2006). NRPTPs have a single PTP domain and all kinds of non-catalytic

regulatory domains with different functions, including controlling the NRPTPs’ activity

by different protein-protein interactions at the active site or by modulating substrate

specificity, and also regulating NRPTPs subcellular distribution, which causes the

indirect change of NRPTPs activity by restricting interacts to special substrates at

unique location (Garton et al., 1997; Tonks, 2006). For example, classical NRPTP

PTP1B is a negative regulator of insulin response, and involves in integrin signaling
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(Cheng et al., 2002; Liu et al., 1998).

The balance of protein tyrosine phosphorylation is important for various cellular

regulatory processes. Abnormal tyrosine phosphorylation level affects metabolism, the

immune response and causes disease such as diabetes, cancers (Hendriks et al., 2013;

Motiwala and Jacob, 2006).

PTPN3

Protein tyrosine phosphatase non-receptor type 3 (PTPN3), also called PTPHL, is a

member of non-receptor type classical PTPs (Tonks, 2006). It contains a N-terminal

FERM (Band 4.1, ezrin, radixin, moesin homology) domain, a PDZ (PSD-95, Dlg,

Z0-1) domain and the C-terminal PTP domain (Bretscher et al., 2002; Edwards et al.,

2001). The FERM domain was identified in band 4.1 at first, and has been well

estimated in the ERM proteins, the focal adhesion protein talin and Protein 4.1 (Chishti

et al.,, 1998; Leto and Marchesi, 1984). It acts as a linker role to bind with

membrane-associated or transmembrane proteins, and thought to be possible regulate

the pathways of actin cytoskeleton (Wadham et al., 2000). The PDZ domain is to

modulate the protein-protein interaction (Hung and Sheng, 2002), and is often

discovered in scaffolding proteins, therefore its associated partners are specific proteins

at the specialized locations in the cell (Kim and Sheng, 2004). The PTP domain is

catalytic domain for PTPs activity.
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Recently, more and more studies have reported that PTPN3 is involved in the cancer.

PTPN3 can both play the oncogenic role and tumor suppressor in different cancer cell

lines, which may be dependent on tissue, species, and substrate. For example, in

tumorgenesis, Hou et al. revealed that PTPN3 directly binds with a Ras effector, p38y

MAPK, by the PDZ domain, and then dephosphorylates p38y to induce Ras-mediated

oncogenesis in colon cancer (Hou et al., 2010). Overexpression of PTPN3 increases cell

proliferation and migration in intrahepatic cholangiocarcinoma (ICC) cell lines and

correlates with bad clinical outcome (Gao et al., 2014). Besides this, the two mutations of

PTPN3, L232R and L384H, which were often found in ICC samples, are thought to be

gain-of-function mutations and related to clinical outcome (Gao et al., 2014).

On the other hand, in tumor suppression, overexpression of PTPN3 in mouse NIH3T3

cells lead to inhibit cell growth and cell-cycle progression through dephosphorylation of

VCP (p97/CDC48), which is an important cell cycle regulator (Zhang et al., 1999). Zhang

et al. also discovered that PTPN3 binds with 14-3-3p phosphoserine-binding protein,

which might be an adaptor protein and a linker between serine/threonine and tyrosine

phosphorylation-dependent signaling pathways (Zhang et al., 1997). In addition, ectopic

expression of PTPN3 led to decrease the colony formation in NSCLC cell lines (Jung et

al., 2012).

Apart from the role of PTPN3 in cancer, Han et al. discovered that PTPN3 is also
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involved in T cell antigen receptor signaling. PTPN3 abolishs T cell activation by
dephosphorylating membrane-associated proteins, which are involved in TCR signaling
in Jurkat T cells (Han et al., 2000). Therefore, Pilecka et al. reported that PTPN3 regulates
growth hormone receptor signaling by the secretion of insulin-like growth factor 1, is
often related with sexual size dimorphism (Chase et al., 2005; Pilecka et al., 2007).

In our previous study, PTPN3 plays a tumor suppressor by accelerating EGFR
endocytic degration to inhibit the proliferation and migration in NSCLC cells. We found
Epsl15, a multidomain adaptor protein that is involved in endocytic trafficking, is a
substrate of PTPN3 (Li et al., 2015). In addition, we also discovered that Eps15b is a
substrate of PTPN3. The study provides a novel role of PTPN3 in endosomal sorting
and endocytic trafficking. In this study, to further understand the role of PTPN3, we
performed Mass spectrometry-based substrate trapping strategy, and found that BICD2
is the potential substrates of PTPN3. BICD2, a dynein adaptor protein, interacts with the
small GTPase Rab6 and recruits the dynein-dynactin complex to regulate Golgi-ER
transport and plays a critical role in intracellular transport. So, we want to investigate
that potential role of PTPN3 in intracellular transport by regulating the PTM of BICD2.
dPtpmeg

Drosophila Ptpmeg (dPtpmeg), one of the Drosophila non-transmembrane PTPs,

containing a N-terminal FERM domain, a PDZ domain and the C-terminal PTP domain
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(Bretscher et al., 2002; Edwards et al., 2001). Whited et al. discovered that dPtpmeg

mutants disrupt the projections of mushroom body (MB) in the adult brain patterns, and

also the thickness and length of the dorsally projecting MB lobes were decreased in the

adult flies (Whited et al.,, 2007). Moreover, our previous study showed that the

migration rate of border cells was accelerated, and the cluster compassed the oocyte

prematurely at stage 9 in dPtpmeg mutant (Li et al., 2015). The role of dPtpmeg is a

negative regulator in the EGFR/Ras/MAPK signaling pathway during Drosophila wing

morphogenesis. Li et al. also found Eps 15, the substrate of dPtpmeg, involves in the

EGFR signaling pathway. Besides these, the molecular function of dPtpmeg remains

largely unknown.
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Intracellular transport

Intracellular transport overview

Transport of different intracellular cargoes such as proteins, vesicles, RNA, and

organelles, along cytoskeleton filaments is essential for the cellular function. The basic

mechanism of regulating intracellular transport is well-known and highly conserved in

different cell types. The system of cytoskeleton filament contains microtubules, which is

for long-term movement, and actin, which is for relatively short-distance transport

(Titus, 2018). According to the cargo and its target site, three major groups of motor

proteins - kinesins, dyneins, and myosins — have been identified to regulate the

intracellular trafficking along microtubules (Hirokawa, 1998; Karki and Holzbaur, 1999;

Vale, 2003). The myosin motor proteins move along microfilaments, and are also

important for cell movement. Generally, each type of motor protein moves in a single

direction on microtubules. Kinesins mobile anterogradely to the plus end and myosins

move towards the minus end. Some of cargos translocate unidirectionally, interestingly,

some of them such as protein complexes and many organelles present towards the plus

and minus end movements to transport to the hard-arriving targets or distant destination

by the multiple activities of several different motor proteins. For example, several

reports have implicated that kinesin and dynein motor proteins can simultaneously stay

stably interacted with the cargos, even they are inactive (Hancock, 2014; Welte, 2004).
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The balance between the converse kinesin and dynein activities is critical for

modulating the transport processing and the proper distribution of cargos.

One way to regulate the cargos transport and motor proteins coordination is by

adaptor proteins that connect the motor proteins to cargo (Akhmanova and Hammer,

2010). Motor adaptors, including membrane-associated cargo receptors, signaling

molecules and scaffolding factors, often act the important components of the large

protein complexes (Schlager and Hoogenraad, 2009). The scaffolding protein

JNK-interacting protein 1 (JIP1), one of well-studied adaptor proteins, regulates the

bidirectional transport of amyloid precursor protein (APP) in axons by the reversible

phosphorylation and the coordination with kinesin and dynein motor proteins (Fu and

Holzbaur, 2013). van Spronsen proposes that the TRAK1 regulates the mitochondria

transport to axons by linking the kinesin-1 to the mitochondria-anchored protein Miro in

neurons, and TRAK?2 steer the mitochondria into dendrites by connecting the dynein

and Miro (van Spronsen et al., 2013). Other adaptor proteins haven been

well-characterized such as Rab7-interacting lysosomal protein (RILP), sorting nexins

and glutamate receptor-interacting protein (GRIP). In this study, we focused on BICD2 ,

a member of conserved Bicaudal D (BICD) proteins family of motor adaptors.

BICD2

Protein bicaudal D homolog 2 (BICD2), one of the adaptor proteins BICD family, has
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the multiple functions in microtubule motor proteins. The members of BICD family,

including BICD1, BICD2, BICDR1, and BICDRZ2, have been implicated that they not

only can couple dynein motors to cargo but also increase the dynein motility by

promoting the interaction between dynein and its cofactor dynactin (McKenney et al.,

2014; Schlager et al., 2014). The distribution of BICD2 is diffused the cytoplasm and

specially enriched in Golgi, ER regions and recycling endosomes (Hoogenraad et al.,

2001). There are many general structural property and functions between mammalian

BICD family proteins, such as highly conserved coiled-coil (CC) domains. BICD2

contains five coiled-coil domains, which can group to three distinct regions. The

N-terminal two coiled-coil domains (CC1, CC2) interact with microtubules, like dynein,

dynactin and kinesin-1 (Hoogenraad et al., 2001; Hoogenraad et al., 2003). The

C-terminal coiled-coil domain (CC3) of BICD2 displays the highest level of

evolutionary conservation and binds with different partners that decide the localization

to cargo proteins (Martinez-Carrera and Wirth, 2015; Terenzio and Schiavo, 2010). In

addition, the N-terminal CC1 domain also can bind with the C-terminal CC3 segment to

form the auto-inhibited structure, because it avoids associating with others partners such

as dynein (Liu et al., 2013; Matanis et al., 2002).

Matanis et al. discovered on early endosome and ER-Golgi vesicles that the

C-terminal CC3 of BICD2 directly interacts with the active form of the small GTPase
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Rab6A and BICD?2 is recuited to trans-Golgi membrane (Matanis et al., 2002). Then, the

N-terminal region of BICD2 recuits the dynein-dynactin complex. These results

indicated that BICD2 plays an important role in in COPI-independent retrograde

transport between Golgi — ER. BICD2 also acts as an adaptor protein binding with

kinesin motors. In the late development stage of neurons, BICD2 replaces BICDR1 and

promotes the anterograde transport of Rab6 exocytic vesicles through the central

coiled-coil domain associates with kinesins, because the expression level of BICDRL1 is

decreased (Grigoriev et al., 2007; Schlager et al., 2010). In the G2 phase, Splinter found

that BICD?2 interacts with kinesin-1, and facilitates the centrome away from the nucleus.

This showed that BICD2 is critical for mitosis (Splinter et al., 2010). Furthermore,

Jaarsma generated the BICD2 KO mouse, and the mice have the defects of development

in laminar organization of the cerebral cortex, hippocampus and the defects of radial

neuronal migration in cerebellar cortex (Jaarsma et al., 2014). In the study of Dharan et

al., the authors observed that BICD2 promotes the HIV-1 infection through accelerating

the nuclear import of viral cores, and when BICD2 was knockdown, virus sensitized to

detect by innate immune sensing (Dharan et al., 2017).

Moreover, the genetic locus of BICD?2 is related to dominant spinal muscular atrophy

(SMA) (Oates et al., 2013). When theses mutantions of BICD2 caused SMA

overespressed in cells, the morphology of Golgi is fragmented and the localization of
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BICD?2 is changed (Neveling et al., 2013; Peeters et al., 2013). Some BICD2 mutations

lead to impair the association with its interacting partners such as Rab6A and

dynein-dynactin (Neveling et al., 2013). The other mutations like the dominant BICD2

mutants have been reported to improve ability to generate DDB complexes, which

BICD2 joins dynein with dynactin into a ternary complex, increase retrograde transport

and decrease the growth of nurons (Huynh and Vale, 2017). Furthermore, there are

several heterozygous mutations of BICD2 have been identified to be induced hereditary

spastic paraplegia and autosomal dominant spinal muscular atrophy with lower

extremity predominance-2 (SMALED?2) (Martinez-Carrera and Wirth, 2015).

Martinez-Carrera also discovered that these mutations enhance the stability of

microtubules and result in axonal defects in motor neurons (Martinez Carrera et al.,

2018).

However, about the post-transcriptional modifications (PTMs) of BICD2 are

remainly unkown. PTMs of microtubules are believed to regulate the interactions with

microtubule-binding parneters. McKenney et al. showed that the detyrosinated a-tubulin

decrease the motility of DDB complexes and a-tubulin tyrosine promotes the initial

motor—tubulin encounters (McKenney et al., 2016). So, we hope to investigate how the

PTM regulates the biological functions of BICD2.

doi:10.6342/NTU201802716
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dBicD in fly

Bicaudal-D (BicD) was initially identified in Drosophila melanogaster as a

regulator of the anterior—posterior polarity in Drosophila embryos by the mutant screen

of the dominant maternal-effect proteins (Mohler and Wieschaus, 1986). BicD consists

of extensive heptad repeats, which modulate the packaging of one helix against another,

forming several coiled-coil domains (Bruccoleri et al., 1986). Its distribution is diffused

the cytoplasm and enriched at the minus-ends of microtubules (Hoogenraad et al., 2003;

Mach and Lehmann, 1997).

The BicD loss-of-function mutations have been show to affect the differentiation of

the oocyte, and gain-of-function mutations disrupt the anterior—posterior polarity, which

leads to the transformation of the anterior segments into the posterior region, giving rise

to a double abdomen, or bicaudal (‘two-tailed’) embryos (Schupbach and Wieschaus,

1991, Steward, 1987). The null mutations of BicD causes recessive lethality (Ran et al.,

1994). Many studies have showed that BicD involves in mRNA transport. For example,

during oogenesis, BicD plays a critical role in transporting morphogen mRNAs, the

important polarity determinants, to proper subcellular localization, and morphogen

MRNAs have been reported including fs(1)K10 and orb (Swan and Suter, 1996), and

oskar and nanos (Wharton and Struhl, 1989). Also, during embryogenesis, pair-rule

transcripts such as ftz and h are transported by BicD (Bullock and Ish-Horowicz, 2001).
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In addition, it was discovered that a complex containing BicD and Egalitarian (Egl)

protein, which can interact with motor protein dynein (Navarro et al., 2004), is essential

for BicD to determinate the mRNAs localization (Mach and Lehmann, 1997).

Furthermore, BicD not only regulates mRNASs but also the organelles localization. Swan

et al. found that BicD, dynein and Lissencephaly-1 (Lisl) are involved in positioning

the nucleus during oogenesis (Swan et al., 1999). Houalla et al. suggested that Ste-20

like kinase functions with BicD and dynein modulate the migration of nucleus in

precursors of R-cells during eye development (Houalla et al., 2005). And, the author

further proposed that the process of nuclear transport mat be regulate by reversible

phosphorylation of BicD, though the potential mechanism of this modification is

unknown. BicD is evolutionarily highly conserved among metazoans, and the

relationship between BicD and Rab6 is conserved from mammals to Drosophila.

Januschke et al. also observed that an interaction between BicD and Rab6 occurs at the

Golgi membranes, and regulate the transport of secretory vesicles to affect oocyte

polarity (Januschke et al., 2007). Moreover, BicD also mediates the endocytic pathway

by transporting the mRNA and protein of clathrin heavy chain into the oocyte during

oogenesis (Vazquez-Pianzola et al., 2014). Larsen et al. uncovers a new role for BicD,

which involves the bi-directional transport of lipid droplets (Larsen et al., 2008).

Drosophila BicD is also enriched in larval salivary glands (FlyAtlas)
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(http://insitu.fruitfly.org/cgi-bin/ex/insitu.pl). The function of salivary glands is different

during post-embryonic development. At the larval stage, the salivary glands generate

saliva to support food ingestion and intestinal digestion. And the salivary gland also

synthesize mucin-type secretory granules termed “glue” granules, containing highly

glycosylated glue proteins that are essential for the adhesion of the pupal case to the

solid surface during metamorphosis (Beckendorf and Kafatos, 1976; Korge, 1977). The

glue proteins transport through the ER and Golgi before forming regulated secretory

granules at the TGN (Burgess et al., 2011; Thomopoulos and Kastritsis, 1979). When

glue granules are mature, the apical membrane fuse with them, and secrete to the lumen

of salivary glands(Biyasheva et al., 2001). After secretion is finished, the granules,

which are still at cytoplasm, are degradged by crinophagy, a secretory granule-specific

autophagic process (Csizmadia et al., 2018; Harrod and Kastritsis, 1972). Moreover, the

larval salivary glands provide an excellent system for genetic analysis to discuss which

factors are important to regulate secretory granules process. In this study, we also want

to investigate whether Drosophila BicD also involves in the transport of glue granules

and in which steps.
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Material and Methods

Cell culture, transfection and treatments

HEK293T and Neuro2a (N2a) were cultured in DMEM (Dulbecco’s modified Eagle’s
medium) (Invitrogen) supplied with 10% FBS (fetal bovine serum) and P/S
(Penicillin/Streptomycin) antibiotics at 37 °C. PolyJet™ DNA In Vitro Transfection
Reagents (Signagen) was used for transfection. For cell transfection, the ratio of
PolyJet™ (ul) and DNA (ul) is 1:2, and dilutes in 200l serum free medium DMEM
respectively. After the diluted solutions were incubated 3 minutes, mixed the diluted
PolyJet™ reagent and the diluted DNA solution properly, and incubated for 15 minutes
in room temperature. At last, the mixture was added into culture dish, then incubated at
37°C for 24-48 hours.

For experiments required doxycycline treatment, the final concentration of
doxycycline was 10ug/ml, and incubated at least 24 hours before performing
experiment.

The working concentration of Sodium pervanadate solution was 0.1 mM. Sodium
pervanadate stock solution (50 mM) was prepared by mixing equal volumes of 100 mM
of H,O; solution and 100 mM Sodium pervanadate solution. Cells were pre-treated 1
hour within fresh medium. Then, Sodium pervanadate was added to medium for 15

minutes.
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The working concentration of Src inhibitor Dasatinib (Sigma-Aldrich,CDS023389)

was 1uM. And the stock concentration was 5 mM. Cells were pre-treated 1 hour within

fresh medium first. Then, Dasatinib was added to medium for 3 hours.

Plasmids and reagents

PTPN3 cDNA was obtained from Open Biosystems (Thermo),

pcDNA3.1-HA-PTPN3-WT, DA (D811A), CS (C842S), AN (delete residue 1-309), and

APTP (delete residue 611-913) were constructed by lab member Dr. Meng-Yen Li.

pcDNA3.1-HA-dptpmeg-WT, DA were also constructed by lab member Dr. Meng-Yen

Li. The cDNA of mouse BICD2 and fly BicD were obtained from PCR by lab member

Jhen-jia Fan. pcDNA3.1-Flag-BICD2-WT, all YF muntants, different truncated forms,

and pcDNAS3.1-Flag-dBicD were also constructed by lab member Jhen-jia Fan.

pRK5-Myc-Src-WT, KD (K296M, Kinase dead) were a generous gift from Dr.

Ruey-Hwa Chen (Institute of biochemistry, Academia sinica, Taipei, Taiwan).

pcDNA3.1-V5-PTPN3, pcDNA3.1-HA-PTPN3-PDZ  (only residue  315-610),

pcDNAS3.1-Myc-Fyn, and pAS4.1W-Flag-BICD2-WT, Y4F were constructed by myself.

Generation of stable cell line

Delivery of pAS4.1W-Flag-BICD2-WT, Y4F to HEK-293T or N2A cells were

performed by lentivirus infection. For lentivirus production, 10 pg of

pAS4.1W-Flag-BICD2-WT, Y4F plasmids, 9ug of A8.9 plasmids and 2.5ug of VSVG
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plasmids were co-infected to HEK-293T cells in the 10 cm culture dish. The medium was

replaced with fresh medium after 24 hours. Then, the virus-containing medium was

collected and filtered with 0.45 um syring filter after transfecting 36-48 hours. For

lentivirus infection, the medium containing virus was immediately added into N2A cells

along with 8ng/ml polybrene regent. After infection 24-48 hours, the medium was

replaced with fresh medium containing selection marker (puromycin).

Immunoprecipitation and Western blotting

Cells transiently transfected with the indicated plasmids were washed with PBS and

scraped from dishes in IP lysis buffer (50 mM Tris-HCI, pH 7.4, 150 mM NaCl, 1 mM

EDTA, 10% glycerol, 1% Triton X-100 ) supplied with protease inhibitor cocktail

(Roche) and PhosphoStop (Roche). After collecting the cells into an eppendorf on ice,

cells were lysed by vigorous shacking at 4°C for 30 minutes and centrifuged for 10

minutes at 13000 rpm. The cell lysate supernatant was harvested and pre-cleaned with

protein G-Sepharose beads (GE Healthcare) for 20-60 minutes and then centrifuged for

5 minutes at 6000 rpm. The supernatant solution was collected in another eppendorf and

incubated with antibody overnight. Afterwards, protein G-Sepharose beads were added

to the cell lysate for one hour at 4°C and then washed with IP wash buffer (20 mM

Hepes, pH 7.4, 150 mM NaCl, 1.5 mM MgCl, 10% glycerol, 0.01 % Triton X-100) 5

minutes for 3 times. At last, the beads were centrifuged and dried up using a 25 gauge
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syringe, with SDS sample buffer added subsequently. Other western blotting samples

were harvested by adding SDS sample buffer into culture dish and scraped the cells

down.

For western blotting, first IP and other samples were boiled for 10 minutes before

loaded into SDS-polyacrylamide gel. Samples were subsequently separated by

SDS-polyacrylamide gel electrophoresis and transferred to PVDF membrane

(Millipore). The membrane was blocked with 5% milk for 30 minutes at room

temperature before indicated antibodies were added and incubated at 4°C for overnight.

The immunoblotting images were visualized by ECL reagents (Millipore).

Immunofluorescence

Cells were seeded on the cover glasses in 6-well culture dish 24~48 hours before

performing immunofluorescent staining. First, the cells on the cover glass were gently

washed 3 times with PBS and fixed with 4% paraformaldehyde (in PBS) for 15 minutes.

Perforation was performing by 5 minutes of PBST (0.1% Triton X-100 in PBS) addition.

Then, blocked in 0.5% goat serum (in PBS) for 1 hours at room temperature. The cover

glasses were put in the humid chamber and specific primary antibody, incubated at 4°C

overnight. The Alexa Fluoro secondary antibodies (Life Technology) were added with

1:200 dilution and incubated at room temperature for 2 hours. Afterwards, the Hoechst

dye (diluted by 1:10000 in PBS) was added and incubated for 5 minutes at room
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temperature. Finally, ProLong Diamond reagent was added on the cover glasses which

were put on the slide glass and sealed. The IF images were acquired by confocal

microscope (Zeiss LSM510) and minimally processed by ImageJ.

In vitro dephosphorylation assay

HEK293T cells were co-transfected with the plasmids of Flag-BICD2 and Myc-Src.

Then cells were lysed and collected Flag-BICD2 proteins which were phosphorylated

by Src. Flag-BICD2 proteins were incubated with GST (as a control) and

GST-PTPN3AN (residue 507-909, containing PDZ and PTP domain)-WT or

GST-PTPN3AN-DA proteins at 37 °C for 30 minutes with in vitro PTPase buffer (25

mM Tris-HCI, pH 7.5, 2.5 mM EDTA, 5 mM DTT, 1 mM EGTA, 1 mg/ml BSA, 1 mM

PMSF and protease inhibitor cocktail (Roche)). Reactions were stopped by adding

sample buffer and boiling for 5 minutes. Samples were resolved by SDS-PAGE and

subjected to Western blot analysis.

VSVG transport assay

Cells were transfected with GFP-VSVG for 6 hours, and treated doxycycline

(10pug/ml). After transfection, cells were incubated at 40 °C for 20 hours. Then, cells

were treated cycloheximide (150 ng/ml) and incubated shift to 32 °C to cause VSVG

transport. After temperature shift 120 minutes, cells were fixed with 4%

paraformaldehyde (in PBS) for 15 minutes, and performed immunofluorescent staining.
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In addition, temperature shift 15 minutes as control.

Antibody list

Antibody name

Provider and catalog number

Concentration

Flag

Sigma-Aldrich (F1804)

1:5000 for WB
1:1000 for IF
1:1000 for IP

Phospho-tyrosine

Merk Millipore (05-321)

1:2500 for WB

HA

Santa Cruz-(sc-805)

1:5000 for WB
1:1500 for IF

Myc Sigma- Aldrich (C3956) 1:5000 for WB
V5 Bio Rad (MCA1360) 1:5000 for WB
Src Cell signaling (2110) 1:5000 for WB
Fyn Cell signaling (4023s) 1:2000 for WB
a -tubulin Sigma-Aldrich (T5168) 1:10000 for WB
1:5000 for IF

[ -actin Novus biological (NB600-501) 1:10000 for WB
GM130 BD Biosciences (610823) 1:500 for IF
EEAL Cell signaling (3288) 1:200 for IF
TGN46 Abcam (76282) 1:200 for IF
Drosophila strains and genetics crosses

All flies were raised and crossed at 25°C.
Stoke Genotype Source
35405 yl sc* v1; P{TRiP.GL00325}attP2 Bloomington
28571 ylvil; Bloomington

P{TRiP.HMO05057}attP2/TM3, Sh1

cyo/SgS-GFP;SgS3-Gal4/6B

cyo/SgS-GFP;SgS3-Gal4/6B

Generate by
Jun-Kun Wen

en-GAL4>UAS-dPtpmeg/cyo

en-GAL4>UAS-dPtpmeg/cyo

Generate by
Meng-Yen Li
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Immunofluorescence (salivary gland of Drosophila)

The salivary glands were dissected from third instar larvae and white pupa stage, then

fixed with 4% paraformaldehyde (in PBS) for 30 minutes. After washing two times with

PBS, samples were perforated by 10 minutes of 0.3% PBST (Triton X-100 in PBS) and

blocked 5% goat serum (in 0.3% PBST) for 1 hours after perforation. Afterwards,

samples were stained with phalloidin (1:200 in 0.3% PBST) for 1 hour, then stained

with Hoechst dye ( 1:10000 in PBS) for 10 minutes at room temperature. Finally,

samples was washed two times with PBS, and mounted on the microscope slides with

cover glass. The images were scanned by confocal microscope (Zeiss LSM510) and

minimally processed by ImageJ.

Primers

Constructs Vector Cutting Sequences
sites

Flag-BICD2-F pcDNA3.1 | BamHI | CTAGGGATCCATGGACTACAAGG
ACGACGATGACAAGATGTCCGCG
CCG

Flag-BICD2-R pcDNA3.1 | EcoRl | CTAGGAATTCTTACAGGCTCGGTG
AGGC

Flag-BICD2-CC1-F | pcDNA3.1 | BamHI | CTAGGGATCCATGGACTACAAGG
ACGACGATGACAAGCTGGTGATG
GAGGCG

Flag-BICD2-CC1-R | pcDNA3.1 | EcoRl | CTAGGAATTCTTAGAAGGAATCGT
TGATGCT

Flag-BICD2-CC2-F | pcDNA3.1 | BamHI | CTAGGGATCCATGGACTACAAGG
ACGACGATGACAAGGACCTGCTC
AGTGAGCTC
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Flag-BICD2-CC2-R

pcDNA3S.1

EcoRlI

CTAGGAATTCTTAATGGTGGTAGA
GGTTGGC

Flag-BicD2-CC3-F

pcDNAS.1

BamHl|

CTAGGGATCCATGGACTACAAGG
ACGACGATGACAAGCCTGCTGTG
GACAAGGAC

Flag-BicD2-CC3-R

pcDNA3S.1

EcoRlI

CTAGGAATTCTTACAGGCTCGGTG
AGGC

Flag-BICD2-N1-F

pcDNA3S.1

BamHl|

CTAGGGATCCATGGACTACAAGG
ACGACGATGACAAGATGTCCGCG
CCG

Flag-BICD2-N1-R

pcDNA3.1

EcoRlI

CTAGGAATTCTTAGAAGGAATCGT
TGATGCT

Flag-BICD2-CC12-F

pcDNA3.1

BamHl|

CTAGGGATCCATGGACTACAAGG
ACGACGATGACAAGCTGGTGATG
GAGGCG

Flag-BICD2-CC12-R

pcDNA3.1

EcoRlI

CTAGGAATTCTTAATGGTGGTAGA
GGTTGGC

Flag-BICD2-CC23-F

pcDNA3.1

BamHl|

CTAGGGATCCATGGACTACAAGG
ACGACGATGACAAGGACCTGCTC
AGTGAGCTC

Flag-BICD2-CC23-R

pcDNA3.1

EcoRlI

CTAGGAATTCTTACAGGCTCGGTG
AGGC

BICD2-Y426F

pcDNA3.1

GAAGACGGTGACTTCTATGAGGT
GGACATC

BICD2-Y427F

pcDNA3.1

GAAGACGGTGACTACTTTGAGGT
GGACATC

BICD2-Y441F

pcDNA3.1

CTGGCCTGCAAGTTCCACGTGGC
TGTGGCT

BICD2-Y476F

pcDNA3.1

GAAAAGGGCCGGTTTGAGGCTGA
GGGCCAG

Flag-dBicD2-F

pcDNA3.1

EcoRlI

CTAGGAATTCATGGACTACAAGG
ACGACGATGACAAGATGTCCAGC
GCCAG

Flag-dBicD2-R

pcDNA3.1

Xbal

CTAGTCTAGATTAGAATGGATTGG
CGTTACT

22
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Results

BICD?2 interacts with PTPN3 and is a substrate of PTPN3

Our previous study has shown that PTPN3 is involved in the regulation of EGFR

endocytic trafficking and lung cancer cell proliferation (Li et al., 2015). However, the

biological function of PTPN3 remains largely unknown. In this study, we used Mass

spectrometry-based substrate trapping strategy to find the potential substrates of PTPN3.

The result showed that BICD2 is one of potential substrates of PTPN3. BICD2, one of

the adaptor proteins BICD family, plays an important role in intracellular transport. To

confirm the data of Mass spectrometry, we first investigated the interaction between

PTPN3 and BICD?2 in vivo by transiently co-expressing the V5-tagged WT or substrate

trapping muntant (catalytic inactive) DA form of PTPN3 (PTPN3-DA) with Flag-tagged

BICD2 in HEK293T, and then the anti-V5 immunoprecipitates from cell lysates were

analyzed by western blotting (Figure 1A). As shown in Fig. 1A, we found that BICD2

binds with the substrate trapping DA muntant of PTPN3 significantly. Then, we

examined the direct interaction between PTPN3 and BICD2 by in vitro GST pull-down

assay. Bacterially expressed Flag-BICD2 could associate with GST-PTPN3AN (residue

507-909, containing PDZ and PTP domain)-DA form (Figure 1B). We also observed the

possibility of PTPN3 and BICD2 colocalization by immunofluorescence assay. This

assay was performed in N2a cells, since neurons are extremely dependent on the
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intracellular trafficking to maintain cellular function. Besides this, previous study was

known that BICD2 is enriched in Golgi (Hoogenraad et al., 2001). The data of

immunofluorescencet staining showed that PTPN3 and BICD2 were partially

colocalized with each other (Figure 1C). Further, to determine which domains of

PTPN3 are essential for binding with BICD2, we designed different truncated forms of

PTPN3, including PTPN3-AN (delete FERM domain), PTPN3-APTP (delete PTP

domain), and PTPN3-PDZ (PDZ domain only) (Figure 2A). BICD2 was co-expressed

with different truncated forms of PTPN3, and we found that BICD2 could interact with

PTPN3-AN and PTPN3-APTP, but not PTPN3-PDZ (Figure 2B). These results

indicated that PTPN3 interacts with BICD2 in vivo and in vitro through the multiple

domains binding with BICD2. Moreover, we investigated whether BICD2 is a substrate

of PTPN3. BICD2 was expressed alone, and the cells were treated with sodium

pervanadate, an inhibitor of protein tyrosine phosphatases, for 15 minutes prior to

harvesting. BICD2 was showed to be tyrosine-phosphorylated under sodium

pervanadate treatment (Figure 2C, lane land 2). We further confirmed PTPN3 could

dephosphorylate the tyrosine-phosphorylated BICD2. PTPN3 down-regulated the

phospho-tyrosine level of BICD2, and the DA form of PTPN3 could not (Figure 2C,

lane 3 and lane 4). The results suggested that BICD2 is a substrate of PTPN3.
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Src is the kinase of BICD2

To identify the tyrosine kinases which are likely to phosphorylate BICD2. Src, a

non-receptor tyrosine kinase, has reported to act a central role in defining Golgi

structure and regulating the dynamics of Golgi (Weller et al., 2010). Overexpression

various mutations of BICD2 has shown to disrupt the morphology of Golgi (Neveling et

al., 2013; Peeters et al., 2013). To address whether Src is the kinase of BICD2, BICD2

was co-transfected with the WT and KD (kinase dead) forms of Src. Immunoblotting

data revealed that Src could phosphorylate BICD2 as seen the phospho-tyrosine band of

BICD?2, in contrast, the KD form of Src could not (Figure 3A). To confirm the role of

Src in phosphorylating BICD2, we utilized a small molecular - dasatinib, a tyrosine

kinase inhibitor of SRC family kinases and Bsr-Abl kinase. Under dasatinib treatment,

the tyrosine phosphorylation level of BICD2 was reduced as compared with cells

without treating dasatinib (Figure 3B). These results implicated that Src is the kinase of

BICD2. To further verify the relationship between PTPN3, BICD2, and Src, we

observed the level of phosphor-tyrosine in BICD2 at different groups. When

co-expressed BICD2, Src and PTPN3-WT in cells, the phosphor-tyrosine level of

BICD2 was decreased in comparison with group without expressing PTPN3, and the

phosphor-tyrosine level of being transfected PTPN3-CS (catalytic inactive) was not

reduced (Figure 3C). We also performed in vitro dephosphorylation assay. The cells
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were co-expressed BICD2 and Src, then BICD2 proteins which were phosphorylated by

Src were collected and incubated with PTPN3AN-WT or DA forms in vitro with PTPase

buffer. We found that PTPN3AN-WT but not PTPN3AN- DA promoted the

dephosphorylation of BICD2 (Figure 3D). These results together suggested that PTPN3

and Src coordinate the tyrosine-phosphorylation of BICD2.

Src kinase phosphorylates the coiled-coil domain 2 of BICD2

To elicit the potential phosphorylation sites on BICD2 by Src, we produced different

truncated forms of BICD2, containing N1 (N-terminal and coiled-coil domain 1 (CC1)),

C12 (CC1 to CC2), C23 (CC2 to CC3), CC1 (only coiled-coil domain 1), CC2 (only

coiled-coil domain 2), CC3 (only coiled-coil domain 3) of BICD2 (Figure 4A). First, we

co-expressed BICD2-N1 or C12 or C23, and Src. BICD2-C12 and C23 but not

BICD2-N1 were phosphoorylated by Src (Figure 4B), indicating that the potential

phosphorylation sites may be between CC2 to CC3 tyrosine residues of BICD2. Further,

only coiled-coil domain 2 was phosphoorylated by Src, as co-transfected BICD2-CC1

or CC2 or CC3, and Src (Figure 4C). The coiled-coil domain 2 of BICD2 has four

tyrosine residues, Y426, Y427, Y441 and Y476. To verify which tyrosine sites are

phosphorylated by Src. WT or YF mutants, including single tyrosine mutanted and all

four tyrosine residues mutanted (Y4F), of BICD2 was expressed with Src, and only

BICD2-Y4F inhibited Src-induced tyrosine phosphorylation (Figure 5A). To confirm
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the result, we compared the phosphor-tyrosine level that BICD2-WT or BICD2-Y4F

co-expressed with Src-WT, KD. The phosphor-tyrosine level of BICD2-Y4F was

significantly lower than BICD2-WT (Figure 5B). These results implicated that Src

kinase phosphorylates all tyrosine residues in the coiled-coil domain 2 of BICD2.

BICD2-Y4F mutant affects the interacting level with Src but does not affect with

PTPN3

To further understand whether BICD2 interacts with Src and PTPN3 depends on the

phosphorylation of BICD2, co-immunoprecipitate was performed between Src and

BICD2-WT or BICD2-Y4F. The level of Src binding with BICD2-Y4F mutant was

significantly reduced, when compared the level of Src interacting with BICD2-WT

(Figure 6A). As for PTPN3, no significant difference was observed between BICD2-WT

and BICD2-Y4F associating level with PTPN3 (Figure 6B). These results indicated that

the phosphorylation of BICD?2 influences the interacting level with Src but not PTPN3.

BICD2-Y4F mutant does not affect the Golgi morphology and the subcellular

location

The localization of BICD2 has known that diffused the cytoplasm and specificially

enriched in Golgi, ER regions and recycling endosomes (Hoogenraad et al., 2001).

Some of BICD2 mutations overexpressed in cells lead to the different distribution of

BICD2 and the phenomenon of fragmented Golgi (Peeters et al., 2013). To ensure the
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localization of BICD2-Y4F mutant and the Golgi morphology, we performed the

immunofluorescent staining with different markers. Both of BICD2-WT and Y4F

mutant were strongly colocalized with GM130 (cis-Golgi marker), TGN46 (trans-Golgi

marker), EEA1 (early endosome marker), and Rab1l (recycling endosome marker)

(Figure 7A, B; 8A, B). And the morphology of Golgi was not significantly changed,

when cells were expressed BICD2-Y4F mutant (Figure 7A, B). BICD2 mutations

enhance the stability of microtubules by the increased number of acetylated long

microtubule (Martinez Carrera et al., 2018), and when microtubules depolymerize will

release of-tubulin dimers. Since this study, we initially stained o-tubulin to examine,

and did not observe the difference between BICD2-WT and Y4F mutant (Figure 9).

BICD2-Y4F mutant does not have defects in the anterograde transport of VSVG

Since BICD2 regulates many aspects transport which mediated by Golgi

(Martinez-Carrera and Wirth, 2015), and also acts as an adaptor protein binding with

kinesin motors by coiled-coil domain 2 (Splinter et al., 2010). We investigated whether

BICD2-Y4F mutant affect the anterograde transport, and examined by VSVG transport

assay. The plasmid of ts045-VSVG-GFP is accumulated in the ER at 40 °C, and then

shifting to 32 °C transported to plasma membrane via Golgi (Yuan et al., 2014). The

temperature shift 15 minutes as control, we observed GFP-VSVG was accumulated in

all the control or tet-on cells of BICD2-WT and Y4F mutant (Figure 10). At 120 min
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after temperature shift, the trafficking of GFP-VSVG to plasma membrane was no

difference between BICD2-WT and Y4F mutant (Figure 10), implicated that

BICD2-Y4F mutant does not have defect in the anterograde transport of VSVG.

dPtpmeg and dBicD have genetic interaction, dBicD deletion rescues the wing vein

loss defects caused by dPtpmeg

We also examined the genetic interaction between dPtpmeg and dBicD, since our

previous study has discovered that ectopically expression of dPtpmeg in Drosophila

posterior wings causes the wing vein lossing defect (Li et al., 2015). The two different

dBicD-RNAI strains crossed with engrailed-dPtpmeg/Cyo, we found that dBicD-RNAI

can rescue the wing vein missing phenotype induced by dPtpmeg (Figure 11)

The role of dBicD in fly salivary gland

Drosophila BicD is enriched in larval salivary glands (FlyAtlas)

(http://insitu.fruitfly.org/cgi-bin/ex/insitu.pl). About the whole processes of glue granules, we

roughly divided into three steps, biogenesis, transport, and degradation. To investigate

whether BicD involves in the transport of glue granules, we used two dBicD-RNAI

strains cross with cyo/SgS-GFP;SgS3-Gal4/6B, then dissect the salivary glands at

wandering larval and white pupal stage. At wandering larval stage, the radius of gule

granules in dBicD-RNA. strains were longer than control (Figure 12). And during white

pupal stage, the glue granules already transport to outside and are degraded by
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crinophagy (Csizmadia et al., 2018). The number of gule granules in dBicD-RNAi

strains were lower than control (Figure 12). These primary data suggested that

knockdown of dBicD in salivary gland affect the biogenesis of glue granules. And about

the data of white pupal stage, knockdown of dBicD maybe influence gule granules

transported to the lumen, or promote the degradation step. We will further investigate

the role of dBicD in fly salivary gland.
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Discussion

PTPN3 is a well-studied non-receptor type classical PTPs in cancer. Many studies

have been implicated that PTPN3 can both play the oncogenic role and tumor suppressor

in different cancer cell lines, which may be dependent on tissue, species, and substrate.

Moreover, our previous study has showed that PTPN3 plays a tumor suppressor by

accelerating EGFR endocytic degration to inhibit the proliferation and migration in

NSCLC cells and proposed a novel role of PTPN3 in endosomal sorting and endocytic

trafficking (Li et al., 2015). However, the biological function of PTPN3 remains largely

unknown. To further understand the role of PTPN3, we found that BICD2 is the

potential substrates of PTPN3 by Mass spectrometry-based substrate trapping strategy.

BICD2, a dynein adaptor protein, plays a critical role in intracellular transport. So, the

aim of this study is to investigate the role of PTPN3 in intracellular transport by

regulating the phosphorylation of BICD2. First, we confirmed that found BICD?2 is the

substrates of PTPN3. Further, we suggested that Src is a kinase of BICD2, and

phosphorylates the Y426, Y427, Y441 and Y476 residues in BICD2. Since Src has

reported to play an impootant role in regulating the integrity and dynamics of Golgi

(Weller et al., 2010), and also some of BICD2 mutations cause the Golgi fragmentation

(Neveling et al., 2013; Peeters et al., 2013). However, our immunostaining data showed

that the morphology of Golgi was not changed in NZ2a cells overexpressed the

doi:10.6342/NTU201802716

31



BICD2-Y4F mutants by two markers of Golgi, GM130 and TGN46. Therefore we will

verify BICD2 is precise phosphorylated by Src or other SRC family kinase such as Fyn.

Although we treated the dasatinib, but it is a small molecule tyrosine kinase inhibitor of

SRC family kinase and Bcr-Abl kinase, not directed against Src. We further will utilize

specific inhibitors to confirm the kinases. Also, to exclude the possibility of artifacts

from overexpression kinases, we will generate the kinases knockdown stable cell lines,

then observe the phospho-tyrosine level of BICD2 to check it.

BICD?2 regulates the bidirectional transports, retrograde and anterograde transports,

by interacting with different motor proteins (Martinez-Carrera and Wirth, 2015). The

coiled-coil domain 1 of BICD2 interacts with dynein-dynactin complex to regulate

COPI-independent retrograde transport between Golgi — ER (Matanis et al., 2002). On

the other hand, BICD2 promotes the exocytosis of Rab6 exocytic vesicles (Grigoriev et

al., 2007; Schlager et al., 2010), and modulates the centrome position during mitosis

(Splinter et al., 2010) by the interaction between the coiled-coil domain 2 of BICD2 and

kinesin motor proteins. In our study, since we found out the four tyrosine site at the

coiled-coil domain 2 of BICD2, so examined whether BICD2-Y4F mutant affect the

anterograde transport by VSVG transport assay. But the result indicated that the mutant

does not have defects in the anterograde transport of VSVG. We will do more times to

confirm the results, and also generate the phospho-mimicking mutant of BICD2 to do
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the experiments. Various BICD2 mutations affect the interaction with its binding

proteins (Oates et al., 2013), and further we can investigate this aspect.

In Drosophila, we discovered that dPtpmeg and dBicD have genetic interaction, and

dBicD could rescue the wing vein loss defects caused by dPtpmeg. Further, we will

check the interaction between dPtpmeg and dBicD by immunoprecipitation and western

blotting. Moreover, the expression level of Drosophila BicD is high in larval salivary

glands (FlyAtlas) (http:/insitu.fruitfly.ora/cgi-bin/ex/insitu.pl). At larval stage, the salivary

glands synthesis glue granules, containing highly glycosylated glue proteins

(Beckendorf and Kafatos, 1976; Korge, 1977), which is transported through the ER and

Golgi before forming regulated secretory granules at the TGN (Burgess et al., 2011;

Thomopoulos and Kastritsis, 1979). Then, the mature glue granules are secreted to the

salivary gland lumen and transported to outside for pupa adhering (Biyasheva et al.,

2001; Korge, 1977). After secretion, the granules are degradged by crinophagy, a

secretory granule-specific autophagic process (Csizmadia et al., 2018; Harrod and

Kastritsis, 1972). We investigated whether Drosophila BicD involves in the transport of

glue granules, and observed two stages of larva. The result suggested that dBicD may be

involve in the biogenesis of glue granules. To more efficiently verify the role of dBicD

in the whole glue granules processes, we will use FLP-FRT system.
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Figure 1. BICD2 interacts with PTPN3 in vivo and in vitro

(A)HEK293T cells were transiently cotransfected Flag-BICD2 with V5-PTPN3-WT or
V5-PTPN3-DA. After 24 hours transfection, whole cell lysates were
immunoprecipitated with anti-V5 antibody and analyzed by western blotting with
indicated antibodies.

(B) Bacterially expressed Flag-BICD2 was incubated with the equal amounts of GST
only, GST-PTPN3AN-WT or GST-PTPN3AN-DA proteins for in vitro GST
pull-down assays.

(C) N2a cells were transiently transfected with Flag-BICD2 and HA-PTPN3. After
transfection 24 hours, cells were immunostained with anti-Flag (red) and anti-HA
(green) antibodies. Nuclei were stained by DAPI (blue). Scale bar:3 pm.

doi:10.6342/NTU201802716

41



1

309

prens T —

PTPN3-AN

E— PDZ

PTPN3-PDZ

Flag-BICD2-WT
HA-PTPN3  _—  wr AN APTP PDZ

P
(HA) oy

Input

o ——

Flag

HA

—t PDZ

Flag-BICD2-WT

NazV0,(15 mins) __ + + +

HA-PTPN3 (WT) — — + —

HA-PTPN3 (DA) — — — +

P
(Flag)

Input

- DY

"t o Flag

Figure 2. PTPN3 interacts with BICD2 through the multiple domains, and BICD2

is a substrate of PTPN3

(A) The domain architecture of PTPN3, including FERM, PDZ and PTP domains.
PTPN3-AN (FERM domain deletion mutant), PTPN3-APTP (PTP domain deletion
mutant), and PTPN3-PDZ (PDZ domain only) are different truncated forms of

PTPNS3.

(B) HEK293T cells were transiently cotransfected Flag-BICD2 with wild type

HA-PTPN3 or different truncated forms of PTPN3, AN, APTP, PDZ only for 24
hours. Whole cell lysates were immunoprecipitated with anti-HA antibody and
analyzed by western blotting with indicated antibodies.

(C) HEK?293T cells were transiently cotransfected Flag-BICD2 with wild type

HA-PTPN3 or DA mutant for 24 hours. Prior to harvesting cells were treated with
0.1mM sodium pervanadate for 15 minutes. Whole cell lysates were
immunoprecipitated with anti-Flag antibody and analyzed by western blotting with

antibodies as indicated.
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Figure 3. Src is the kinase of BICD2

(A)HEK?293T cells were transiently cotransfected Flag-BICD2 with Myc-Src-WT or
Myc-Src-KD (kinase-dead). After 24 hours transfection, whole cell lysates were
immunoprecipitated with anti-Flag antibody and analyzed by western blotting with
indicated antibodies.

(B) HEK293T cells were transiently transfected Flag-BICD2 for 24 hours. After
transfection, cells were incubated in fresh medium with or without 1uM dasatinib
for 3 hours. Prior to harvesting cells were treated with 0.1mM sodium pervanadate
for 15 minutes. Whole cell lysates were immunoprecipitated with anti-Flag antibody
and analyzed by western blotting with antibodies as indicated.

(C) HEK293T cells were transiently cotransfected Flag-BICD2 with Myc-Src, wild type
HA-PTPN3 or CS mutant (catalytic inactive). After 24 hours transfection, whole cell
lysates were immunoprecipitated with anti-Flag antibody and analyzed by western
blotting with indicated antibodies.

(D) PTPN3 dephosphorylates Flag-BICD?2 in vitro. Equal amounts of GST only,
GST-PTPN3AN-WT or GST-PTPN3AN-DA proteins were co-incubated with
Flag-BICD2 proteins which were phosphorylated by Src in the PTPase buffer at
37°C for 30 minutes.
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Figure 4. Src kinase phosphorylates the coiled-coil domain 2 of BICD2

(A) The domain architecture of BICD2. N1 (N-terminal and coiled-coil domain 1
(CC1)), C12 (CC1lto CC2), C23 (CC2to CCI), CC1 (only coiled-coil domain 1),
CC2 (only coiled-coil domain 2), and CC3 (only coiled-coil domain 3).

(B) HEK?293T cells were transiently cotransfected Flag-BICD2-WT, N1, C12, or C23

with Myc-Src. After 24 hours transfection, whole cell lysates were

immunoprecipitated with anti-Flag antibody and analyzed by western blotting with

indicated antibodies.

(C) HEK293T cells were transiently cotransfected Flag-BICD2-WT, CC1, CC2, or CC3

with Myc-Src. After 24 hours transfection, whole cell lysates were

immunoprecipitated with anti-Flag antibody and analyzed by western blotting with

antibodies as indicated.
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Figure 5. Src kinase phosphorylates four tyrosine residues in the coiled-coil domain

2 of BICD2
(A)HEK?293T cells were transiently cotransfected Flag-BICD2-WT, Y426F, Y427F,

Y441F, Y476F, or Y4F with Myc-Src. After 24 hours transfection, whole cell lysates
were immunoprecipitated with anti-Flag antibody and analyzed by western blotting
with antibodies as indicated.

(B) HEK293T cells were transiently cotransfected Flag-BICD2-WT or Flag-BICD2-
Y4F with Myc-Src-WT or KD forms for 24 hours. After transfection, whole cell
lysates were immunoprecipitated with anti-Flag antibody and analyzed by western
blotting with indicated antibodies.
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Figure 6. BICD2-Y4F mutant affects the interacting level with Src but does not

affect with PTPN3

(A)HEK293T cells were transiently cotransfected Flag-BICD2-WT or Flag-BICD2-
Y4F with Myc-Src-WT for 24 hours. After transfection, whole cell lysates were
immunoprecipitated with anti-Flag antibody and analyzed by western blotting with
indicated antibodies.

(B) HEK293T cells were transiently cotransfected Flag-BICD2-WT or Flag-BICD2-
Y4F with HA-PTPN3 or DA mutant for 24 hours. After transfection, whole cell
lysates were immunoprecipitated with anti-HA antibody and analyzed by western
blotting with indicated antibodies.

doi:10.6342/NTU201802716



Figure 7. BICD2-Y4F mutant does not affect the Golgi morphology and the

subcellular location

(A)N2a cells were transiently transfected with Flag-BICD2-WT or Flag-BICD2-Y4F.
After transfection 24 hours, cells were immunostained with anti-Flag (red) and
anti-GM130 (cis-Golgi) (green) antibodies. Nuclei were stained by DAPI (blue).
Scale bar:5 pm.

(B) N2a cells were transiently transfected with Flag-BICD2-WY or Flag-BICD2-Y4F.
After transfection 24 hours, cells were immunostained with anti-Flag (red) and
anti-TGN46 (trans-Golgi) (green) antibodies. Nuclei were stained by DAPI (blue).
Scale bar:5 pum.
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Figure 8. BICD2-Y4F mutant does not affect the subcellular location

(A)N2a cells were transiently transfected with Flag-BICD2-WT or Flag-BICD2-Y4F.
After transfection 24 hours, cells were immunostained with anti-Flag (red) and
anti-EEAL (early endosome) (green) antibodies. Nuclei were stained by DAPI (blue).
Scale bar:5 pm.

(B) N2a cells were transiently cotransfected Flag-BICD2-WT or Flag-BICD2-Y4F with
GFP-Rabl1 (recycling endosome). After transfection 24 hours, cells were
immunostained with anti-Flag (red) antibody. Nuclei were stained by DAPI (blue).
Scale bar:5 pm.
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Figure 9. BICD2-Y4F mutant affects the microtubular structure

N2a cells were transiently transfected Flag-BICD2-WT or Flag-BICD2-Y4F. After
transfection 24 hours, cells were immunostained with anti-Flag (red) and anti-atubulin
(green) antibodies. Nuclei were stained by DAPI (blue). Scale bar:5 pm.
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Figure 10. BICD2-Y4F mutant does not have defects in the anterograde transport
of VSVG

The inducible expression Flag-BICD2-WT or Flag-BICD2-Y4F N2a cell lines were
used. To express Flag-BICD2-WT or Flag-BICD2-Y4F, cells were treated with
doxycycline (10pg/ml) for 24hrs, then trasnfected with GFP-VSVG to perform VSVG
transport assay. The temperature shift 15 minutes as control. Cells were immunostained
with anti-Flag (red) antibody. Nuclei were stained by DAPI (blue). Scale bar:5 um.
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Figure 11. dPtpmeg and dBicD have genetic interaction, dBicD deletion rescues the

wing vein loss defects caused by dPtpmeg

(A)en>UAS-dPtpmeg ,ectopically expression of dPtpmeg in Drosophila wings causes
the wing vein missing defects. (B) and (C) en>UAS-dPtpmeg;dBicD-RNAi®C, rescue
the wing vein loss defects. (D) and (E) en>UAS-dPtpmeg;dBicD-RNAI™, rescue the

wing vein loss defects.
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Figure 12. The role of dBicD in fly salivary gland

(A)SgS-GFP;SgS3-Gal4. (B) SgS-GFP;SgS3-Gal4> dBicD-RNAIC.

(C) SgS-GFP;SgS3-Gal4> dBicD-RNAI™. Palloidin were stained in red. Scale bar:15
pm.
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