e Company of
© 2017. Published by The Company of Biologists Ltd | Journal of Cell Science (2017) 130, 2221 doi:10.1242/jcs.206912 BlOlOngtS

CORRECTION

Correction: Shot and Patronin polarise microtubules to direct

membrane traffic and biogenesis of microvilli in epithelia
Ichha Khanal, Ahmed Elbediwy, Maria del Carmen Diaz de la Loza, Georgina C. Fletcher and Barry J. Thompson

There was an error published in J. Cell Sci. 129, 2651-2659.
In the abstract of this paper, there was a typographical error in the protein name CAMSAP3. The correct sentence should read:

Core apical-basal polarity determinants polarise the spectrin cytoskeleton to recruit the microtubule-binding proteins Patronin (CAMSAPI,
CAMSAP2 and CAMSAP3 in humans) and Shortstop [Shot; MACF1 and BPAGI (also known as DST) in humans] to the apical membrane

domain.
The online version of the article has been corrected accordingly.

We apologise to the authors and readers for any confusion that this error might have caused.
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Fig. 4. The microvilli inclusion disease protein MyoV is required for apical delivery of Rab11 endosomes. (A) Control egg chamber expressing UAS.
CD8GFP and stained for Cad99C and Rab11. The arrows shows normal localisation in the control. Expression of dominant-negative Rip11-CT-GFP (B) or
MyoV-CT-GFP (C) causes accumulation of Rab11 endosomes and Cad99C (arrows) near the apical region. (D) Colchicine treatment of egg chambers
expressing dominant-negative MyoV—CT-GFP causes basal accumulation of Rab11 endosomes and Cad99C in follicle cells (arrows). (E) Basal accumulation of
Rab11 endosomes and Cad99C also occurs in follicle cells expressing Dynein RNAI. (F) Model for normal trafficking and delivery of Cad99C to promote apical
microvilli biogenesis. Defects in trafficking or delivery of Cad99C results in loss of Cad99C function and leads to diseases such as Usher syndrome Type 1 and

microvillus inclusion disease.

able to bind to and colocalise with it at the apical domain of epithelial
cells, suggesting that the two proteins might have a similar function.
Bu-Spectrin is linked to microtubules through Patronin, whereas Shot
can directly bind microtubules. Consequently, redundancy is
anticipated between Py-Spectrin and Shot, or between Patronin and
Shot. Accordingly, we found that mutation of -spectrin only had a
mild phenotype, whereas mutation of -spectrin simultaneously
disrupted both pairs of proteins in parallel and caused a drastic
phenotype, completely disrupting the apical trafficking of Cad99C
and microvillar biogenesis. More importantly, double mutants for
shot and  p-spectrin had a more severe effect on microtubule and
Cad99C localisation than either alone, therefore demonstrating that
the two proteins act in a redundant fashion.

Downstream of the spectrin cytoskeleton, Patronin and Shot are
required in parallel to drive apical-basal polarisation of microtubules,
which is then responsible for orienting the apical transport of
Cad99C, within Rabl11 endosomes, by the Dynein motor protein.
Eliminating microtubules from cells by overexpressing Katanin60
results in loss of Nuf-Dynein-based apical Rabll endosome
transport and failure to efficiently deliver Cad99C to the apical
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membrane. The effect on Cad99C polarisation is not an indirect effect
of loss of polarity due to impaired Rabl1 and Dynein function in
localising the apical polarity determinant Crumbs to the apical
membrane (Horne-Badovinac and Bilder, 2008; Li et al., 2008)
because, firstly, polarity is maintained in cells expressing Rabl11 or
Dynein RNA, as indicated by the normal localisation of aPKC and,
secondly, loss of Crb does not strongly affect cell polarity in the
follicle cell epithelium owing to redundancy with Bazooka (Fletcher
et al., 2012). Our results indicate that even under conditions with
severe depletion of microtubules, the overall shape of the follicle cell
epithelium is relatively normal, indicating that polarised microtubules
are required to influence formation of apical microvilli, rather than for
other functions of the actin cytoskeleton in epithelial cells. Similarly,
we do not see strong effects on cell shape upon loss of either Patronin
or Shot (or both), raising questions over the claimed requirement for
Patronin homologs and microtubules in formation or maintenance of
adherens junctions epithelial cells in culture (Chen et al., 2003; Le
Droguen et al., 2015; Meng et al., 2008; Stehbens et al., 2006).
The final step in delivery of Cad99C to the apical membrane also
requires actin-based transport through the action of Ripl 1-MyoV
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complex. Compromising normal MyoV function in Drosophila
follicle cells by expressing a dominant-negative version of the
protein, results in loss of Rabll polarisation from the apical
membrane and its abnormal accumulation in the sub-apical region.
This phenotype in Drosophila shows similarities with the human
microvillus inclusion disease, where mutations in the Myo5b gene
also cause loss of Rabl1 endosomes from the apical membrane
(Knowles et al., 2014; Lapierre et al., 2001).

In summary, our results reveal how the spectrin cytoskeleton acts to
polarise microtubules in epithelial cells, and how polarised
microtubules then direct trafficking of Rab1l1 endosomes carrying
Cad99C to the apical membrane. This process relies on a hierarchy of
events, and disruption at any stage can lead to failure in delivering
Cad99C to the apical membrane, resulting in defective biogenesis of
microvilli. Our findings are directly relevant to human diseases such as
Usher’s Syndrome Type 1 and microvillus inclusion disease, helping
to outline the molecular and cellular basis for these conditions.

MATERIALS AND METHODS

Mitotic clones in follicle cells were generated using the FLP-FRT site-
specific recombination system and were either marked negatively (absence
of GFP) or positively (presence of GFP) with the mosaic analysis with a
repressible cell marker (MARCM) technique (Lee and Luo, 1999; Xu and
Rubin, 1993). Newly eclosed females were heat-shocked once at 37°C for
1 h and ovaries were dissected 5 days after heat-shock.

The ‘Flip-out’ actin. FRT.CD2.FRT.Gal4/UAS system was used to
express the UAS-Rabl1IR construct. To express the transgenes, newly
eclosed females were heat-shocked at 37°C for 10 min and ovaries were
dissected 2 days after heat-shock. Expression of other UAS-driven
transgenes in follicle cells was achieved with the follicle-cell-specific
Gal4 drivers GR1.Gal4 and Traffic Jam.Gal4 (Tj.Gal4), as well as by using
the MARCM system. w OR flies were used as the wild-type stock.

Fly stocks

RNAI lines were ordered from the Vienna Drosophila Resource Center:
Patronin IR (VDRC 27654) and Dynein IR (VDRC 28054). The Rab11 RNAi
line was generated by Ruth Brain (our laboratory) in the laboratory. UAS.shot-
GFP, FRT42B shot’, Ubi.patronin-GFP, UAS katanin60, GR1.Gal4,
FRT19A cdc42® and FRT40A Igl* were ordered from Bloomington
Drosophila Stock Center. UAS.myoV-CT-GFP and UAS.dRip11-CT-GFP
lines were gifts from Don Ready (Purdue University, USA) (Li et al., 2007).
The Rabl1-YFP line was a gift from Marko Brankatschk, MPI-CBG,
Dresden, Germany. Kst-YFP (DGRC 115-285), Tj.Gal4 (DGRC 104-055)
and FRT80B nuf (DGRC 111-536) were ordered from the Drosophila Genetic
Resource Center, Kyoto. The following strains were used as in previous
studies: a-spec®® (Hiielsmeier et al., 2007), kstd1113 (Campos et al., 2010),
kstl (Thomas and Kiehart, 1994), Nod.lacZ and Kin.lacZ (Clark et al., 1997).
A list of Drosophila genotypes used in each figure is presented in Table S1.

Immunostaining of ovaries and microscopy

Ovaries were dissected in PBS, fixed for 20 min in 4% paraformaldehyde in
PBS, washed for 30 min in PBS with 0.1% Triton X-100 (PBST) and
blocked for 30 min in 5% normal goat serum in PBST (PBST with NGS).
Primary antibodies were diluted in PBST with NGS and samples were
incubated overnight at 4°C.

For Crumbs staining, ovaries were fixed for 10min in 8%
paraformaldehyde in PBS, washed in methanol for 5 min, washed for
three time for 20 min each in PBST and for 5 min in 1% SDS, rinsed in PBS
three times and blocked for 30 min in 5% PBST with NGS. The rest of the
staining was carried out as described previously (Fletcher et al., 2012).

Primary antibodies used were: rabbit anti-aPKC, mouse anti-DIg, mouse
anti-o-Spectrin, rabbit anti-BH-Spectrin, rabbit anti-Cad99C, guinea pig
anit-Cad99C, guinea pig anti-Shot, rabbit anti-Rab11, mouse anti-Crumbs,
mouse anti-o-tubulin and rabbit anti-Nuf. Full details of the primary
antibodies are available in Table S2. Phalloidin-TRITC (Sigma) was used to
stain F-actin. Secondary antibodies (all from Molecular Probes, Invitrogen)

were used at 1:500 for 2 h at room temperature along with DAPI staining at
1 pg/ml and then washed multiple times in PBST. Samples were mounted
on slides in Vectashield (Vector labs). Images were acquired on a Zeiss
LSM710 confocal microscope using 40x or 63% oil immersion objectives,
and processed using Adobe Photoshop. Optical cross-sections through the
middle of egg chambers are shown in all figures.

Colchicine treatment

Wild-type egg chambers were cultured in imaging medium containing
Schneider’s medium (Invitrogen), Insulin (Sigma), heat-inactivated fetal calf
serum (FCS; GE Healthcare), Trehalose (Sigma), adenosine deaminase
(Roche), methoprene (Sigma) and ecdysone (Sigma) (Prasad etal., 2007), with
0.2 mg/ml of colchicine or ethanol (for control) for 1 h at room temperature.
After treatment, samples were fixed and processed normally for imaging.

Co-immunoprecipitation

For co-immunoprecipitation experiments, Drosophila Karst YFP knock-in
embryos (DGRC 115285), Wiso embryos, and embryos expressing
Patronin—GFP or Shot-GFP were collected over 24 h at 22°C before
being lysed in buffer containing 10 mM Tris-HCI pH 7.5, 150 mM NacCl,
0.5% NP-40 and 0.5 mM EDTA (Chromotek), plus PhosSTOP Phosphatase
Inhibitor Cocktail Tablets (Roche), protease inhibitor cocktail (Roche),
0.1 M NaF and 1 mM PMSEF. Samples were left on ice to solubilise for
30 min, before being centrifuged at high speed (14,000 rpm in a desktop
centrifuge for 30 min at 4°C). The supernatant was collected, pre-cleared
and incubated with GFP Trap-M beads (Chromotek).

Western blots were probed with mouse anti-GFP, guinea pig anti-Shot,
rabbit anti-Patronin, mouse anti-a-Spectrin and rabbit anti-BH-Spectrin
antibodies (details in Table S3; see Fig. S4 for complete western blots and
for siRNA knockdown experiments in human cells), before being detected
with chemiluminescence (GE Healthcare).

Electron microscopy of Drosophila egg chambers

Drosophila egg chambers were fixed in 2.5% glutaraldehyde and 4%
formaldehyde in 0.1 M phosphate buffer (pH 7.4) and then processed for
transmission electron microscopy (TEM) and serial block-face scanning
electron microscopy (SBFSEM). Samples were prepared using the National
Center for Microscopy and Imaging Research (NCMIR) method (Deerinck
etal., 2010). For TEM, 70-nm sections were cut using a UCT ultramicrotome
(Leica Microsystems) and collected on formvar-coated slot grids. No post-
staining was required owing to the density of metal deposited using the
NCMIR protocol. Images were acquired using a 120 kV Tecnai G2 Spirit
Biotwin (FEI Company) and Orius CCD camera (Gatan Inc.).
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