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TMCCS3 localizes at the three-way junctions for the proper
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Introduction

The tubular network of the endoplasmic reticulum (ER) is formed by connecting ER
tubules through three-way junctions. Atlastins and lunapark, two classes of the ER membrane
proteins conserved from yeasts to mammals, have been shown to be involved in the generation
and stabilization of the three-way junctions. Atlastins are dynamin-like GTPases anchored on
the ER tubules. GTP-bound atlastins dimerize in trans through their GTPase domains and
form a bridge between the tip of an ER tubule and the side of another one. Upon GTP
hydrolysis, atlastins catalyze homotypic membrane fusion between the two ER tubules,
thereby generating a new three-way junction. The nascent three-way junctions are stabilized
by lunapark. Upon oligomerization, lunapark localizes to the nascent three-way junctions
where atlastins reside and preferentially sits on their concave edges, leading to stabilization of
the negative curvature of the three-way junctions. However, it remains unknown whether
mammalian cells employ an additional ER membrane protein(s) specific to higher eukaryote
to shape the three-way junctions.

The testis-expressed 28 (TEX28) family is a higher eukaryote-specific membrane
protein family that composed of the four family members, transmembrane and coiled-coil
domain family (TMCC) 1, TMCC2, TMCC3, and TEX28. Several studies have suggested that
TMCC1 and TMCC2 localize at the ER and are associated with some cellular processes.
TMCC3 also localizes at the ER and has been suggested to bind to 14-3-3 proteins, the
multifunctional cytosolic proteins involved in the regulation of various cellular processes. In
this study, we report TMCC3 as another ER membrane protein that shapes the three-way

junctions in mammalian cells.

Results
1. TMCC3 localizes at the three-way junctions.

In this study, we set out to compare the ER localization between the TEX28 family
members. HA-tagged TEX28 family members were transfected into human osteosarcoma
U20S cells along with GFP-tagged Sec61p, an ER membrane marker protein, followed by
immunostaining. While HA-TMCC1, HA-TMCC2, and HA-TEX28 were uniférmly
distributed throughout the reticular network of the ER, HA-TMCC3 was concentrated at the
three-way junctions. These results indicate that among TEX28 family members, TMCC3

specifically localizes at the three-way junctions in the peripheral ER.
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2. TMCCS3 binds to atlastins.

We examined whether TMCC3 colocalized with atlastins and lunapark. HA-TMCC3
was transfected into U20S cells along with FLAG-tagged atlastin-1, Myc-tagged atlastin-2,
FLAG-tagged lunapark, and GFP-Sec61p, followed by immunostaining. HA-TMCC3
colocalized with FLAG-atlastin-1, Myc-atlastin-2, and lunapark-FLAG at the three-way
junctions. We next examined whether TMCC3 bound to atlastins and lunapark by
coimmunoprecipitation analysis. Endogenous TMCC3 was immunoprecipitated with the
anti-TMCC3 mAb from the U20S celis extract. Endogenous atlastin-1 and atlastin-2 but not
endogenous lunapark were coimmunoprecipitated with endogénous TMCC3. These results

indicate that TMCC3 binds to atlastins at the three-way junctions in vivo.

3. The C-terminal transmembrane domains of TMCC3 are responsible for binding to
7atlastins.

We sought to determine which region of TMCC3 was responsible for binding to
atlastins. The primary structure of TMCC3 is characterized by the long N-terminal
cytoplasmic region encompassing two coiled-coil domains and the C-terminal transmembrane
domains. HA-tagged N-terminal cytoplasmic region of TMCC3 (HA-TMCC3-N), HA-tagged
C-terminal transmembrane domain of TMCC3 (HA-TMCC3-C), or HA-TMCC3 was
transfected into HEK293 cells along with FLAG-atlastin-1 or Myc-atlastin-2, followed by the
coimmunoprecipitation analysis. FLAG-atlastin-l was coimmunoprecipitated with
HA-TMCC3-C  and HA-TMCC3 but not HA-TMCC3-N. Myc-atlastin-2 was
coimmunoprecipitated with HA-TMCC3-C and HA-TMCC3, and to a lesser extent with
HA-TMCC3-N. These results indicate that TMCC3 binds to atlastins through the C-terminal
transmembrane domains.

We examined whether TMCC3 was localized to the three-way junctions by binding to
atlastins. HA-TMCC3-N or HA-TMCC3-C was transfected into U20S cells along with
GFP-Sec61p, followed by immunostaining. HA-TMCC3-C but not HA-TMCC3-N localized
at the ER. HA-TMCC3-C was distributed throughout the tubular ER and not concentrated at
the three-way junctions, although TMCC3-C has the potency to bind to atlastins as described

- above. These results indicate that TMCC3 localizes independently of binding to atlastins.

4. The first coiled-coil domain of TMCC3 is required for its localization to the
three-way junctions.

We examined whether the coiled-coil domains in the N-terminal cytoplasmic region
were required for localization to the three-way junctions. HA-tagged TMCC3 mutant lacking
the first coiled-coil domain (HA-TMCC3-ACC1) or that lacking the second coiled-coil
domain (HA-TMCC3-ACC2) was transfected into U20S cells along with GFP-Sec61p,
followed by immunostaining. While HA-TMCC3-ACC2 localized at a subpopulation of the
three-way juncﬁons, HA-TMCC3-ACC1 was distributed throughout the tubular ER and not
concentrated at the three-way junctions. These results indicate that the first coiled-coil domain

of TMCC3 is required for its localization to the three-way junctions.

5. TMCC3 is involved in the regulation of the tubular ER network.

We examined whether TMCC3 was involved in the regulation of the tubular ER
network. Three independent siRNAs targeting TMCC3 or control siRNA were transfected into
U20S cells, followed by the transfection with GFP-Sec61B. In the control siRNA-transfected
cells, GFP-Sec61p showed reticular signal indicative of the tubular ER network in the
peripheral area and a dense signal indicative of the ER sheets in the perinuclear area. TMCC3
knockdown cells reduced the peripheral reticular signal and showed the dense signal in the
peripheral area. When we counted the number of three-way junctions of the peripheral ER,

TMCC3 knockdown cells significantly decreased the number of three-way junctions relative to

" the control siRNA-transfected cells. We next examined the effect of TMCC3 knockdown on

the abundance of ER sheets. The siRNAs targeting TMCC3 or control siRNA were transfected
into U20S cells, followed by immuhostaining with anti-CLIMP-63 pAb, an ER sheet marker.
In the control siRNA-transfected cells, CLIMP-63 localization was restricted predominantly to
the perinuclear area where the ER sheets were enriched. On the other hand, CLIMP-63
localization was aberrantly extended to the peripheral area in the TMCC3 knockdown cells.
These results indicate that TA/CC3 knockdown causes decrease in the number of three-way

junctions and expansion of ER sheets, leading to reduction of the tubular ER network.



6. Overexpression of atlastin-2 partially rescues the phenotype caused by TMCC3
knockdown.

Binding of TMCC3 to atlastins prompted us to examine whether overexpression of
atlastins rescued the phenotype caused by TMCC3 knockdown. Myc-atlastin-2 or the control
vector was transfected into the TMCC3 knockdown cells along with GFP-Sec61p, followed by
immunostaining. TMCC3 knockdown cells transfected with Myc-atlastin-2 exhibited more
extensive peripheral reticular ER network as judged from GFP-Sec61p than the TMCC3
knockdown cells transfected with the control vector. When we counted the number of
three-way junctions of the peripheral ER, TMCC3 knockdown cells transfected with
Myc-atlastin-2 significantly increased the number of three-way junctions relative to the
TMCC3 knockdown cells transfected with the control vector. These results indicate
overcxpressfon of atlastin-2 restored the tubular ER network impaired by TMCC3 knockdown
to some extent. We next assessed how much overexpression of atlastin-2 restored the tubular
ER network. The tubular ER network in the TMCC3 knockdown cells transfected with
Myc-atlastin-2 was less extensive than that in the control siRNA-transfected cells. The number
of three-way junctions in TMCC3 knockdown cells transfected with Myc-atlastin-2 was lower
than in the control siRNA-transfected cells. Overall, these results indicate that TMCC3
knockdown phenotype is partially rescued by the overexpression of atlastin-2.

Conclusion

This study demonstrates that mammalian cells localize TMCC3 to the three-way
junctions for the proper tubular ER network. TMCC3 acts upstream of atlastins for three-way
junction formation, suggesting that mammalian cells will have a special mechanism to

regulate actions of atlastins by TMCC3.
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