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The 14-3-3y isoform binds to and regulates the localization of
endoplasmic reticulum (ER) membrane protein TMCCS3 for the

reticular network of the ER
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Introduction

The endoplasmic reticulum (ER) is continuous membrane system composed
of ER sheets and ER tubules. The ER tubules are interconnected by three-way
junctions formed by conserved ER membrane protein, atlastins and lunapark.
Atlastin, dynamin-like GTPases, drive homotypic membrane fusion between the
two ER tubules, leading to the generation of three-way junctions. Lunapark is then
recruited to the nascent three-way junctions for stabilization. Furthermore, we have
demonstrated that TMCC3 (transmembrane and coiled-coil domain family 3) is ER
membrane protein that specifically localizes to the three-way junctions and binds
to atlastins.

Reticular network of ER tubules undergoes constant remodeling through
formation and loss of three-way junctions. We had previously demonstrated that
TMCC3 acts upstream of atlastins. TMCC3 localizes to three-way junctions
independently of atlastins, and promotes the formation of three-way junctions by
enhancing atlastins activity. However, it still remains unknown how the TMCC3
activity is regulated for formation of the reticular ER network.

The earlier study identified 14-3-3 proteins as TMCC3-binding proteins. It
is well known that 14-3-3 proteins interact with target proteins in phosphorylation-
dependent manner, thereby regulating various cellular processes. However, it still
remains unknown whether binding of 14-3-3 proteins to TMCC3 is involved in
regulation of the ER morphology. In this study, we characterize the interaction
between 14-3-3y and TMCC3 in the context of regulation of the ER morphology
and demonstrate that 14-3-3 binding negatively regulates TMCC3 localization to
the three-way junctions for the formation of reticular ER network.

Results
1. Overexpression of 14-3-3y reduces localization of TMCC3 to three-way
junctions
We set out to examine the effect of 14-3-3 proteins on localization of
TMCCS3 to three-way junctions. HA-tagged 14-3-3y (HA-14-3-3y) or mCherry
was then transfected into U20S cells stably expressing GFP-TMCC3 (U20S-



GFP-TMCC3 cells), followed by immunostaining. The result showed that 60%
of cells overexpressing HA-14-3-3y were lost GFP-TMCC3 puncta indicative
of three-way junctions whereas almost all of the cells overexpressing mCherry
retained the puncta, indicating that overexpression of HA-14-3-3y reduces
localization of TMCC3 to three-way junctions.

To confirm the result, we examined whether overexpression of HA-
14-3-3y affected the localization of endogenous TMCC3. HA-14-3-3y or
control vector was transfected into U20S cells, followed by immunostaining
with anti-TMCC3 pAb and anti-PDI mAb as an ER marker. Similar to the
previous result, peripheral puncta of endogenous TMCC3 were obviously
reduced in the cells overexpressing HA-14-3-3y compared to the cells
transfected with control vector.

We next examined whether overexpression of 14-3-3y affected the
protein level of TMCC3. HA-14-3-3y or the control vector was transfected into
U20S cells. The total cell lysates were subjected to immunoblotting with anti-
TMCC3 pAb and anti-GAPDH. The result showed that overexpression of HA-
14-3-3y did not change the protein level of endogenous TMCC3.

. Overexpression of 14-3-3y decreases the number of three-way junctions
We reasoned that if 14-3-3y negatively regulated TMCC3 localization,
overexpression of 14-3-3y would affect the ER morphology. HA-14-3-3y or
mCherry was transfected into U20S cells, followed by immunostaining with
anti-PDI mADb as an ER marker. The number of three-way junctions as detected
by PDI staining was counted within 10 x 10 um? of the peripheral ER. In
agreement with the reasoning, the cells overexpressing HA-14-3-3y
significantly decreased the number of three-way junctions relative to the cells
overexpressing mCherry.
To confirm the result, we also carried out the similar experiment
using ER-GFP, GFP fused to the ER signal sequence of calreticulin and KDEL
(ER retention signal) as an ER marker. HA-14-3-3y or control vector was

transfected into U20S cells, followed by transfection with ER-GFP. The cells



were then immunostained. Similar to PDI staining result, overexpression of

HA-14-3-3y decreased the number of three-way junctions detected by ER-GFP.

. TMCC3 binds to 14-3-3y through the N-terminus

We sought to determine which region of TMCC3 was responsible for
binding to 14-3-3y. We started by confirming that 14-3-3y binds to TMCC3.
U20S-GFP-TMCCS3 cells were extracted with 1% TritonX-100 and subjected
to immunoprecipitation with anti-GFP pAb, followed by immunoblotting with
anti-14-3-3 mAb. Endogenous 14-3-3 proteins were coimmunoprecipitated
with GFP-TMCC3, confirming that TMCC3 bound to 14-3-3 proteins.

We next transfected fragments of TMCC3 with the N-terminal HA
tags into HEK293 cells along with FLAG-14-3-3y, followed by
immunoprecipitation with anti-FLAG mAb. The HA-tagged N-terminal
fragment encompassing the large cytoplasmic region (HA-TMCC3-N) was
coimmunoprecipitated with FLAG-14-3-3y, indicating that N-terminal
cytoplasmic region had the binding site for 14-3-3y. Similar to HA-TMCC-N,
the HA-tagged mutant deleting almost C-terminal half from TMCC3-N (HA-
TMCC3-D1) was coimmunoprecipitated with FLAG-14-3-3y. By contrast, the
HA-tagged mutant deleting the first 89 amino acids (aa) from TMCC3-D1
(TMCC3-D2) was not coimmunoprecipitated with FLAG-14-3-3y. These

results indicate that 89 aa of N-terminal is binding site for 14-3-3y.

Phosphorylated serine 15 is required for potent binding to 14-3-3y

We examined whether TMCC3 had the 14-3-3 binding motif in the 89
aa of N-terminal. Full-length aa sequence of mouse TMCC3 was subjected to
14-3-3-Pred, the web server to predict 14-3-3 binding motifs. 14-3-3-Pred
showed there were three possible binding motifs in the 89 aa of N-terminal with
amino acid positioned at 12-17 has the highest score and meet completely to
14-3-3 binding motif. We then generated the point mutant of TMCC3-D1
substituting alanine for serine 15 (TMCC3-D1-S15A). HA-TMCC3-D1 or HA-
tagged TMCC3-D1-S15A (HA-TMCC3-D1-S15A) was transfected into



HEK293 cells along with FLAG-14-3-3y, followed by immunoprecipitation
with  anti-FLAG mAb. While HA-TMCC3-D1 was strongly
coimmunoprecipitated with FLAG-14-3-3y, coimmunoprecipitation of HA-
TMCC3-D1-S15A was significantly decreased relative to HA-TMCC3-D1.
These results indicate that serine 15 was required for potent binding to 14-3-3y.

Since TMCC3-D1-S15A still showed a weak binding to 14-3-3y, we
further substituted serine 25 and serine 46 to alanines in TMCC3-D1-S15A
(TMCC3-D1-S15/25/46A), and performed immunoprecipitation analysis. A
small amount of HA-tagged TMCC3-D1-S15/25/46A (HA-TMCC3-D1-
S15/25/46A), which was comparable to that of HA-TMCC3-D1-S15A, was
coimmunoprecipitated with FLAG-14-3-3y. These results indicate that the other
two deduced binding motifs predicted with low score are not involved in
binding to 14-3-3y.

We next examined whether serine 15 was phosphorylated. HA-
TMCC3-D1, HA-TMCC3-D1-S15A, HA-TMCC3-D1-S15/25/46A, or control
vector was transfected into HEK293 cells, followed by immunoprecipitation
with anti-HA mAb. The samples were subjected to immunoblotting with
antibody recognizing phosphorylated serine in the consensus 14-3-3 binding
motif (anti-phospho-14-3-3 binding motif pAb). The anti-phospho-14-3-3
binding motif pAb detected HA-TMCC3-D1, but not recognized HA-TMCC3-
D1-S15A and HA-TMCC3-D1-S15/25/46A, indicating that serine 15 is
phosphorylated. Similar results were obtained in U20S cells.

. TMCC3 mutant subtituting alanine for serine 15 is prone to localize at
three-way junction against overexpression of 14-3-3y

We generated the full-length TMCC3 mutant by substituting alanine
for serine 15 (TMCC3-S15A), and established U20S cell lines stably
expressing GFP tagged TMCC3-S15A (U20S-GFP-TMCC3-S15A). HA-14-3-
3y or a control vector was then transfected into the U20S-GFP-TMCC3 cells
or U20S-GFP-TMCC3-S15A cells, followed by immunostaining.
Overexpression of 14-3-3y significantly increased the number of U20S-GFP-
TMCC3 cells and U20S-GFP-TMCC3-S15A cells losing their puncta relative



to the control vector. However, the number of the cells losing GFP-TMCC3-
S15A puncta was significantly lower than that of the cells losing GFP-TMCC3
puncta, indicating that TMCC3-S15A was more resistant to localize at three-
way junctions against 14-3-3y overexpression. Collectively, these result
indicate that binding to 14-3-3y through phosphoserine 15 negatively regulates

localization of TMCC3 to three-way junctions.

. The negative regulation of TMCC3 by 14-3-3y is involved in formation of
the reticular ER network

We next examined whether negative regulation of TMCC3 by 14-3-
3y is involved in formation of reticlar ER network. The siRNA targeting
TMCC3 was transfected into U20S cells followed with the transfection of HA-
TMCC3, HA-TMCC3-S15A, or control vector. As negative control, the
negative control siRNA was transfected followed by transfection with control
vector. The samples were subjected for immunostaining with anti-CLIMP-63
pAb as an ER sheet marker and anti-a-tubulin mAb. The ratio of CLIMP-63
staining area to total area determined by o-tubulin staining significantly
increased in the TMCC3 knockdown-cells transfected with control vector
relative to negative control cells, indicating that, consistent with our previous
finding, TMCC3 knockdown caused ER sheet expansion. On the other hand,
the TMCC3-knockdown cells expressing HA-TMCC3 showed the ratio of
CLIMP-63 staining area to total area were comparable to the negative control
cells, indicating that expression of HA-TMCC3 rescued the phenotype of the
TMCC3 knockdown. Importantly, the TMCC3-knockdown cells expressing
HA-TMCC3-S15A showed the ratio of CLIMP-63 staining area to total cell
area significantly higher than the TMCC3-knockdown cells expressing HA-
TMCC3, but lower than the TMCC3-knockdown cells transfected with the
control vector. These results indicate that expression of HA-TMCC3-S15A
partially rescued the phenotype of the TMCC3 knockdown, suggesting that the
negative regulation of TMCC3 by 14-3-3y was involved in formation of the

reticular ER network.



Conclusion

In this study, we demonstrate that 14-3-3y binding negatively regulates
TMCC3 localization for the reticular ER network. Binding of 14-3-3y to TMCC3
is depend on phosphorylation of serine 15 in the 14-3-3 binding motif.



MERFEREREZCGRFIER (ELRE)

B S EF A O FE A O EE =

= 1+ F & % 3308 & K, 4 | SAIHAS SUHDA
The 14-3-37 isoform binds to and regulates the localization of
endoplasmic reticulum (ER) membrane protein TMCC3 for the reticular
im 3 M E | network of the ER
Title of
Dissertation | 14-3-3y A TMCC3 IZ#EE& L. FTOR/EZHIET HI LT, /MNEEKRR YR
D—0&HHKT S
X 5 ﬁ;‘
=5 & fEﬂ /?\;I/\j
Chief Examiner .
sxz A 8 xS A AL
Examiner Vice-examiner
= i
IEJ .ﬁ \(\ T @/
Vice-examiner
(ERiX1, 000%F~2, 00 0FEE)




(H#)

ANBAEIIEERED DI ELEINY £ TR TOEBAEYICRT Sz b REWVHIBN/ ST TH 5, /M
v MM & F o TR ERE L T R A TR A R D, T o — 7L, three-way junction 12X 5
THE XN TWD, T, FxidvhMakiEs o237 B TMCC3 73 three-way junction (ZRITE L., E DAL
FRETHZ LERE L, LL, 20 TMCC3 DOEMEREDO LI ICHETI SN NIAHTSH 5,
TMCC3 fEBZ /"7 B E LTHIESRTWS 14-3-3 1%, U VBB BIRERICIER & o R 7 BIZREA L,
R4 M RE 2RI L TV A Z e BMbN TS, £2°C, AU TIE, TMCC3 @ 14-3-3 /U
BT X JEEERE L, £DfEE DY TMCC3 @ three-way junction ~D F{E(L, /DMaEF o —7 %y U
— 7 RRIZ B G- 5 D& fifT LTz,

(1)

+ 14-3-3 {2 L %D TMCC3 @ three-way junction ~® RFE{L~D %N H
GFP-TMCC3 % [EHFHIZHEEL L TV 5 U208 #E(U20S-GFP-TMCC3 i)z HA-14-3-3y H B\ k=2
kma— & LT mCherry & b T 2 A7 =¥ 33 2 L7, Three-way junction {Z/R7ET % GFP-TMCC3 @ %
WHEE D E v b U, AR, BpAER U208 HilaiZ HA-14-3-3y 5\ Mid mCherry % b7 2 A7
=7 ¥al L, HlTMCC3 ik & i PDI ik TYefE L7z, Three-way junction |ZJRTES 5 NTEME TMCC3
DRSO E IV ML,

* 14-3-3 (2 L % three-way junction JERK~D%h 4
By A1 U20S AifiC HA-14-3-3y H DWW I ba—A LT mCherry % FZ7 A7/ ar L, it
PDI HiifECHett Lz, ML ERE 10 x 10 pm? (238 T, three-way junction D& 7 >~ Lz,
« TMCC3 @ 14-3-3 K54 fEhk
HEK293 #fifiilZ, HA-TMCC3-N (TMCC3 @ N Kl B il 4&) . HA-TMCC3-D1 (HA-TMCC3-N @
C R¥/3 % K L7 KK &5\ E HA-TMCC3-D2 (HA-TMCC3-D1 @ N 3K 1-89 7 2/ figfic 41 % /%
U7 KEE) BE FLAG-14-3-3y #ZNEFNR b T A7 =27 v a v Uiz, TritonX-100 fhiHig&iz bt
FLAG #Ui&% I 2 TR ikl L7z,
- TMCC3 @ 14-3-3f6& U BBk T X /18
HA-TMCC3-D1-S15A (HA-TMCC3-D1 @ 15 HHDE Y 27 7 =@M LI ERE) H 50k
HA-TMCC3-D1-815/25/46A (HA-TMCC3-D1 @ 15 % H, 25 FH, 46 FHO B 27 T = C@EH L
IS RAK) BLOVFLAG-14-3-3y 2 ENFN N T A7 22 ¥ a Lk, TritonX-100 HiHiEIZH FLAG

Uiz Nz TP LT,

+ TMCC3-S15A 12 X % three-way junction ~0 RITE{L~D%h %
GFP-TMCC3-S15A (GFP-TMCC3 @ 15 HFHDOE Y %27 7 = @ L 248 BK) ZEFIICER LT
VY% U208 Hif2(U20S-GFP-TMCC3-S15A #fifd)d 5\ it U20S-GFP-TMCC3 #ilfiZiz, HA-14-3-3y H 5\
a2 b —n_s7F—% N5 AT =7 a3 s Lz, Three-way junction {Z/R7E 9 5 GFP-TMCC3-S15A
& %\ & GFP-TMCC3 D iR iEDExh v o b LTz,

« TMCC3-S15A (2 & /NI RERZ R~ D %h F
U20S #lfiic TMCC3 SiRNA % F T A7 =7 2 a » L TTMCC3 / v 27 #0 il 2 il L=, TMCC3
J w7 B RIS HA-TMCC3 3 %\ X HA-TMCC3-S15A % 9 A7 =7 2 a > L, #i CLIMP-63
Uik & BT o-tubulin FLIARTYtA L7z, CLIMP-63 Yo ik (3 — MHEHENL) /o-tubulin Yetafeig (FINRE
AR) EFHIL 7=,




(i )

1. 14-3-31Z X % TMCC3 @ three-way junction ~® JGTE{L~D%h 5
U20S-GFP-TMCC3 #lifitl | HA-14-3-3y 2B S H /=& Z A, GFP-TMCC3 @ sk o $5m3 k>
Uizo [RERIZ, BPAEAY U208 MilaZ HA-14-3-3y 2 F T X E72 & 2 A, WNIEMO TMCC3 @ sURAEE
DDA LTz,

2. 14-3-312 L % three-way junction JER%~ D% 5
B AR U208 AAEIZ HA-14-3-3y 2 FBl & ¢/ £ 2 A three-way junction DI L 7=,

3. TMCC3 @ 14-3-3 f-EfE
SRR RERIC & Y . FLAG-14-3-3y 1Z. HA-TMCC3-N % 3 \»i3 HA-TMCC3-D1 & &5A5 % 25,
HA-TMCC3-D2 & & Lo 7z,

4, TMCC3 D 14-3-3 #56& ) E{bT 2 /1
HA-TMCC3-D1-S15A & FLAG-14-3-3y O&§& 3, B4 HA-TMCC3-D1 & offifric kb~ b L
7zo HA-TMCC3-D1-S15/25/46A & FLAG-14-3-3y DA 1Z, HA-TMCC3-D1-S15A & OfE S & [FFLE
T DT

5. TMCC3-S15A {Z X % three-way junction ~® RTE{L~D%hH
U20S-GFP-TMCC3-S15A #fffl ld (2 HA-14-3-3y 2 % Bl X H /2 2 A, 22 b =10
U20S-GFP-TMCC3 #lifll & tb~=T, GFP-TMCC3 O R HEE 2B L - o3 bizh- 7,
14-3-3 5% 37 HOLFETF TH, GFP-TMCC3 i lb~T, GFP-TMCC3-S15A 2° three-way junction -~
JRE LT,

6. TMCC3-SI5A I & D /MaRIEREIZ R~ DR
TMCC3 / w7 & 7 IR THET 2 — 7R3 A U, CLIMP-63 Bl (o — M AiEs) 234
I+ %, TMCC3 / v 7 % il HA-TMCC3 %8195 & CLIMP-63 H IR L, F =
—7HEEMRRIE L2, —7F, HA-TMCC3-S15A #38Bl4 5 &, CLIMP-63 #(aiHIH A HA-TMCC3
B iZiEd e, i F 2 — s sEE L,

(it
14-3-3 8 TMCC3 @ 15 FHE U 12 ) U EBBBIKTFIICH &4 5 Z £ 12 L Y , TMCC3 @ three-way junction
~DRELEIHI L, MaEF2—TF 2y FU—JEAEREI L TWD Z LR Bz L,

AHFFEIL, TMCC3 @ 14-33 56 U VEBET X/ BORIE & ZAUC L /MR TF 2 —7 Ry hT—2 1
W~ DE AT LI b D Th D, FOFEH, 14-3-3 53 TMCC3 @ three-way junction -~ Ja){E{b & Hif
three-way junction DTEFLOWCII/MEAERT 2 —7 Ry N — 7 EREHIEIL TW5D Z & #FEHA L7z R
BWT, ifEHL2¥EBMTHLERDD, Lo T, AEFIIHL (EF) OFMEHIEERHD LG8
D,






