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Recently, some studies have shown that mutations in
TMPRSS3 were responsible for non-syndromic deafness
(DFNB8 and DFNB10). TMPRSS3 is a member of the Type
Il Transmembrane Serine Protease (TTSP). This was the
first description of a serine protease involved in
deafness. However, in Taiwan, the data of TMPRSS3
gene associated with non-syndromic deafness is still
insufficient. Previously, we have found many
mutations in the TMPRSS3 genes from screening of 230
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children with non-syndromic deafness (14/230 ;

6.09%). However, functional alteration in these
mutants of TMPRSS3 gene remains unknown. Moreover,
the mechanism of ENaC activation by TMPRSS3 remains
elusive. Additionally, some studies suggested have
the presence of other substrates for TMPRSS3.
Therefore, further research is worthy to conduct. Our
results indicated that the missense mutation of
TMPRSSS3 in previously study, resulted in greatly
diminished the proteolytic activity of TMPRSS3. In
the Xenopus oocyte expression system, proteolytic
processing of TMPRSS3 was associated with increased
ENaC mediated currents (about 6000~7000 nA). However,
ENaC mediated currents i1s decreased to about 1000 nA
in the missense mutation of TMPRSS3. In addition,
localization assay of TMPRSS3 missense mutant reveals
their distributions in the ER of the Hela cell, which
1s similar to the WI. In summary, we have understood
the effect of TMPRSS3 mutants in the study. These
results provide a novel molecular explanation for the
role TMPRSS3 plays in the development of hearing
loss.

TMPRSS3 ~ nonsyndromic deafness ~ functional study -
epithelial sodium channel
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TMPRSS3 (transmembrane protease, serine 3) & S & a2y B HERY a9- B AT
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Recently, some studies have shown that mutations in TMPRSS3 were responsible for
non-syndromic deafness (DFNB8 and DFNB10). TMPRSS3 is a member of the Type II
Transmembrane Serine Protease (TTSP). This was the first description of a serine protease
involved in deafness. However, in Taiwan, the data of TMPRSS3 gene associated with
non-syndromic deafness is still insufficient. Previously, we have found many mutations in the
TMPRSS3 genes from screening of 230 children with non-syndromic deafness (14/230; 6.09%).
However, functional alteration in these mutants of TMPRSS3 gene remains unknown. Moreover,
the mechanism of ENaC activation by TMPRSS3 remains elusive. Additionally, some studies
suggested have the presence of other substrates for TMPRSS3. Therefore, further research is
worthy to conduct. Our results indicated that the missense mutation of TMPRSS3 in previously
study, resulted in greatly diminished the proteolytic activity of TMPRSS3. In the Xenopus oocyte
expression system, proteolytic processing of TMPRSS3 was associated with increased ENaC
mediated currents (about 6000~7000 nA). However, ENaC mediated currents is decreased to
about 1000 nA in the missense mutation of TMPRSS3. In addition, localization assay of
TMPRSS3 missense mutant reveals their distributions in the ER of the HeLa cell, which is similar
to the WT. In summary, we have understood the effect of TMPRSS3 mutants in the study. These
results provide a novel molecular explanation for the role TMPRSS3 plays in the development of

hearing loss.
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ARZ BARRMAEE > FRAD D E > 44 ok eniRS > FIRA R RaLE
Bbs o AT AR o F BN AR S % 0 A2 T 0B B PR T
SR LT A A 2 R o o B AR IR 3k 2 T A 5 B F- (electrical nerve impulses)
# ¥ W2 3% 5 g+ i J(Coulogigner et al., 2006) - B #i(Cochlea) &~ i (*AFfecn® F > o #i
e A R d 0§ 3 5 AR M A T A A S D N i
15 % (ion homeostasis) * 4r% % 4 R¥ > g+ fep I+ EkAF T ¥ > F IR - AR P
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TMPRSS3 (transmembrane protease, serine 3) © (54 & i A 2hyp EHKMRY - B A
%1 % TMPRSS3 A 15 2 R %16 ¢ ww g BEF A iEN Na e S Fla i = FH(DFNBS v
DFNB10)(Ben-Yosef et al., 2001; Masmoudi et al., 2001; Scott et al., 2001; Wattenhofer et al.,



2002, 2005; Ahmed et al., 2004; Hutchin et al., 2005) - TMPRSS3 43t % = 4| 5 %5 & e kv fiz
(type II transmembrane serine protease * TTSPs)e4g & 2% 2. — o TMPRSS3 £ F]¥ % L A 4 48
B g B e TR B4 8 % FF - PR HR o & RT-PCR A
+7# TMPRSS3 B #f+ ¥ % IR % stria vascularis ~ spiral ganglion neurons » modiolus "

%  ®(Guipponi et al, 2007) - TMPRSS3 8 F]i=** 4 ¢ 4§ 21223 chiz§ » p A Flz 5 13 B
exons frikFd 453 @it 0 H Fd BRGNS FEDE R AR F 3 - BEAON

® %7 " (transmembrane; TM) domain fo— + % f e C & i fedm P2 o o 2 TMPRSS3 §-v 7 C
7 3 #FReh domains et ¥ R# F4FFR G i > 40 LDLRA (low-density lipoprotein
receptor A) domain~ SRCR(scavernger receptor cysteine-rich) domain~ #-v -k fZ ¥ 8L+ &+ R216
and 1217 2. {r serine protease domain > ¥ ¢} f+ serine protease domain }+ H257 ~ D304 -
S401(HDS)® = B £ & jF i iz % »i&= B =% (HDS) A5 catalytic triad 3% #(Hooper et al.,
2001) » 1245+ it TMPRSS3 ch3-v é:—f? » ¥ 0204858 TMPRSS3 B> — A7 1 felm e 3 b 4%
/& 1 ¢ transmembrane serine protease ° iz A % — BALIE B 2Lp iz Moot AT B RES
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poar 444 TMPRSS3 # ic crF7 7 2 & 3 & AR hiteni i & bi(Heterologous Expression)
----sGASP(secretory Genetic Assay for Site specific Proteolysis) i sifr ' “P 2 %n ¥z (Xenopus
oocyte) % I & kL o SGASP i st £ A1* pGAS424 HaE % FAE K 2 > 1 pE* AKSY0): AR A
3 ki TMPRSS3 F-d -RfZFEM A7 o g8 33 & chRILEF substrate A E F F R M
protease *7 ¥7P¥ > invertase € AW FFITI|mie F P o L AT e b REMEL RS G AL K
# o F]pt TMPRSS3 &7 it ,‘{gg} g ts opE® FKSYOD)EE 7 &7 7 RAErER RS
RAL AR KRHE o ¥ by BB R P2 e iz (Xenopus oocyte) Rk L€ Na T on
(Ing) X 3% % TMPRSS3 3-v ¥k j2s i » % # 1 ¥ 51 TMPRSS3 £ % &-d Fokjzs it » &
¥ & i epithelial sodium channel (ENaC)> ¢ Na & /i (Ina)3 #v o iR £ 0 587 7 24 P20 5 sGASP
F— B #fj B foioik ik ] TMPRSS3 3v -k 28 [ 87 5 4 o @ Xenopus oocyte % IR
S92 7 B 2 TMPRSS3 3-v -k f&ciig 4 b » B ¥ 12 B 2 TMPRSS3 7% it ENaC chfFa) » fe 5ot
TOKHEAFIE o F|P AT R TiE 2 e B OAALRIFF AP ARG é,—"z v ok Ip
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e B RN T i F o Na' g3 £ =jashiz g o ¥yt TMPRSS3 fr ENaC 2 p B p 3 =
Ak e 2 e T S R E & ahk 4 (Iwasa et al, 1994 5 Marcus f- Chiba 1999 ;
Grunder et al., 2001; Couloigner et al., 2001) = ¥ * 5 3% £ 45 /i ENaC & &\ 7 42 {7 subunits
B EAcF & o P T % (core glycosylation) » iz subunits & 3 2 &3 i 4 4+ & = (channel
biosynthesis)c% # > @ ® &_ENaC = i (maturation) £ & ;4 2_%F]+ (Hanwell et al., 2002) - d
%> TMPRSS3 F-v ¥ i%p (anchored) fe b B 4 cr¥C b » F]pt TMPRSS3 4#3% % 1 ENaC e %
i A2 (processing) ® ¥ it $iF — B £ £ & ¢ (Guipponi et al., 2002) - ¢ } it TMPRSS3 = ENaC
BT A AAR e ehE R foim e N chiz § 23 40 7 ENaC £ TMPRSS3 % (substrate) s7% i 42 o
ARgFen s AT F F $ - TMPRSS3/ENaC 323 #% 1 5% » F] 5 & pseudohypoaldosteronism
type I (PHA-Dup 4 # > ENaC o subunit % 2 % % ¢ 12 = ENaC & it e j2 54 o & 4 > 5]
AR Na'ent 2704 ~ SPPERY 3 25 kMg« RA 5P B AL E R FESRB A §
@ AR o AT rf'fﬁ Pinis ENaC © &2 4 B gE @K Na kB gk & Na'i& 313:]'?5
(transporters) 2 — (Oh and Warnock 2000 ; Guipponi et al., 2002 ; Peter et al., 2006) 345 } it e
By oo e in vivo sk is 7 TMPRSS3 &2 Ea X FF e 32 B F ENaC - & o L e
- EF T ERS Bor ) BA G W §F# ¥ ¥ neurotrophin e R2% & B brain-derived
neurotrophic factor (BDNF)fr neurotrophin 3 (NT-3)% iz F]+ &7 receptors (tyrosine kinase
recepors---TrkB f= TrkC) 3 B (Fritzsch et al., 1999) - neurotrophin 32 12 i® * & % 3| }-v -k f2fs
(protease) 734 #37 » ¢  proneurotrophins 5 d F-v -k % % (protease) (7 iF * 2z dl 5 iE D
neurotrophin (Lee et al., 2001) o ¥ *t > B3 — & 39 -k f2§% plasmin fv TMPRSS3 £ > -
#g chg-v -k fZ s (Type Il transmembrane serine protease) » » ##%% IL¥ 12 1T * & BDNF e St~
B i¢ 2 %< BDNF(Lee et al., 2001) o I ¥ BDNF - neurotrophin 3 (NT-3)fri i <7 receptor
(tyrosine kinase recepors---TrkB {r TrkC)~ f= TMPRSS3 - #4873 £ R {47 § X Efr spiral
ganglion (Gestwa et al., 1999; Wiechers et al., 1999) o d _F i ez 27 3 2% i 48 /B neurotrophin
#2% = f (BDNF {r neurotrophin 3 (NT-3))¥ ic £ TMPRSS3 = 5 2 - > 4c% neurotrophin
j2F % | TMPRSS3 e f 78 B TMPRSS3 eh15 i ¢ 7 it & % e B ¥l (0 7 frd &
(survival) - ] 5 TMPRSS3 & - f& 3-v -KfZps » F|pt s Uf 7 ENaC # i 2 X B b 2 7%

FHRB X FEREL Y EEFH G L T BF B TMPRSS3 % %16 3¢ & Flieh= F e
BTty 4 A4 16 4] ¢ soen TMPRSS 2 Pk ik 3 £ F 3 B IR~ AT H A AT
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17 > _,’ti.,%%c’%lﬁﬂf 7 TMPRSS3 £ %]¢ » # @ #ici® TMPRSS £ %17 it » S22 A4 ¥ i
(Guipponi et al., 2007) o ¥ *F &g 7 ¢ 4 -E & Tmprssl ~ Tmprss3 f= Tmprsss = i 28 F] %
T A MY APl (¥ 0 @ 4% spiral ganglion neurons~ 47 % % ¥ sstria vascularis f- modiolus -
e pEs 33 TMPRSS1 v TMPRSS3 4 & % & . Bt » @ TMPRSSS #.% & flmie i
AW AREE O3 R TF PR A B L F 7 s d (Guipponi et al, 2007) o ¥ @
$130 g8 TMPRSS A Fleh#t a0 Boav £.% 5 £ > F]y* TMPRSS3 & TMPRSS1 & TMPRSS5 2 @

ehfd ks B IR e
By
1. TMPRSS3# i # 7 ---F1 * sGASP (secretory genetic assay of site-specific proteolysis ) X #£ 3¢
TMPRSS3 1 # fo R % 3= 7t iy
). 473 % TM domainsit ¥ TMPRSS3 T 4¢
2). Z4 7 7 TM domain % %3] TMPRSS3 18
¥

3). FETH A AGR)YPDI-YPS - YPSHE R £ AL &FE st it » v BYPDAL R ApE
STendt o YPSEU BT E P TUERER G LAY o HlE bl
FREBEEAIAE -

4). FE* Ak k37 % (Yeast cotransformation transformation)

5). % Er(replica)
2. TMPRSS3# i # 3 ---F1 * Xenopus oocyte % #% 33 TMPRSS3 &+ ¥ fo R % F-v r iy

1). #&4f > & TMPRSS3 cDNA ' #

2). #- 2> £ e TMPRSS3 subclone 3| pLTN i‘ i}

3). &1g 2 & TMPRSS3 R % 7] 7 #

4). # 4 =& ENaC 2 o~ B -y subunits 2 pTLN {8}

5). @i ENaC 2. a ~ B {v v subunits * TMPRSS3 wild type ¥ mutants cRNA

6). 'NyE PR fmre el B 2 fic g i3 B+ cRNA % ~ Xenopus oocyte ] * BT 1R % /R 44 ke
(Two- electrode voltage clamp)i| £ Na 7 ¢ (Ina).
3. TMPRSS3 # i # 7 ---41 * human lung carcinoma cell (H441) & 473+ TMPRSS3 2 #]4r ENaC

= ® subunit 2. BF 0k %

1) human lung carcinoma cell (H441) % 3 %

2) @ > % f & & B2 (Western blot)fr& e & & 7Lk % (co-immunoprecipitation)



3) TMPRSS3 2 F]r knowdown fv 2k ] 78
4) Whole cell electrophysiology
4. TMPRSS3 # it #% 3 -4 * Cos-7 fr HeLa m* % £ TMPRSS3 & ¥ fr% % 30 flimie p
SEEE ]
). 2k & % % ¢ TMPRSS3 % EGFP & YGFP ¥ # 7. 48
2). # F)i& 7 (transfection) ¥'| Cos-7 fv HeLa ‘m &
3). v LK kR d HjE
5. F ® %z 7 P~ & ¥ (Laser Capture Microdissection : LCM) fr & o & £ 7 MK
(co-immunoprecipitation)
6. #£31 TMPRSS3 &2 TMPRSS1 & TMPRSSS5 2_ & erdp 3 B 1%
1). 24 > & TMPRSSI cDNA {48
i* Tﬁ > & TMPRSS5 ¢cDNA i‘ i}
3). FI#* Rafera iz L IRk 5Lk $E 3 TMPRSS1 ~ TMPRSS 3 v TMPRSS55 2. [ B 7%
4) g% TMPRSSI 4= TMPRSS5 # F] & Cos-7 4= HeLa ‘% p ek 1= %
BEHENH
i RIFMAER ) B - & ST AP E 2 F & GsGASP % Sfe R m e
(Xenopus oocyte)# . % st@ #1F & airf ARFRM 0 Vb e ? ARFF RRE R
oA LFAES R Y o fh i R A PR A 9] Tetondd AT et o AT
MUV e pE A OIRA B AR Flen i i (Table 1) o
% SGASPA 17 4 3L 7 TMPRSS3 A FIR Firg 2 # i BT 7 ¢ o hig- £ AP e 5
R RREDAYT o B RN UERE A 7 Y 2011 E 2 %53 ¢ % % (Figure
1~5) -
N4 9P 2 tnPg (Xenopus oocyte) & IR & ST F 3 G o A w AV e s A ity R LA D
ZHE o APl * in vitroshF iF & £ TMPRSS3(2 ¥ & R #)fr3 B ENaC o ~ Bfry subunith
cRNA » ] * B ficid b e 2 #-w FACRNAJL » ' P2 ‘¥z (Xenopus oocyte)® > 48] pFis »
A R B fE R A AR Bev fiF 0 MASE R L AT N E SR e ) ] BT RT R
GAF TN R H Nadp 3 o > B AP P mLE cRNA 7 # P 2 ' ¥z (Xenopus oocyte) T .
ERIE RO 0 @ 3 F »4F8cRNA(7 & # TMPRSS3) 3 M ik P2 fm?2 (Xenopus oocyte)iR] {7 e7
o= 0] 8 % 5000~6000 nA (Figure 6) o ff/x T TMPRSS34rENaCic o 'N¥E P2 Mz 5 1
o 2 - BRI FERDRFLIEE ¢ B PTIMPRSS3 e i o A -1 F & % ®en



TNPRSS3 # Flidt fr ENaC:rcRNA— Jp 37 » N e mie » 48 PFig » 1% BT 1T B4 i
B Gil % Beb R en(Td T Sl A PE IR > & ¥ TMPRSS3 &i2 % 36 f(Trypsin)
fler T o S W R ENaCHES i+ > 3 FNa 208 ()hA 2 F R % 7 TMPRSS3
Pl B PENaC#E+ § A2 Na D6 o 5 18— HAEP » B NEPE e Bl jou fF
(Trypsin) » % 39 fs i 39 B FxENaC3+ ¥ if @ Naggp+ i 5 4 2 Na R o B s » & § o
TMPRSS3 45 60 f®% &t 2052 § AJBo6 oo fiF o B 97 A 2 éNa IR 48 LA > £

LA ¢ i TMPRSS3 e /N b %P 2 fmie il § ¥ Fov fF 2™ 823 Na Tinihg 24 o

14
‘—\-
v
Py
b z%’::

v fFis o Na Rin A ¢ A(Figure 7-8) o d iHk ik ig & (Fav» 3V ip rgf e
RBTFER LS9 ETMPRSS3eh ¥ # iy o AT R R € B FTMPRSS32 {4 » 45 F #4
Fop 4 heterozygousﬁﬂ'r%‘i‘i’%ﬁ{%ﬁ ¥ fo R ¥ TMPRSS3: Ir ENaCeicRNA — 423 &4 3] 'Ry “p
# e - [ 4 IR o 1t fhomozygoushfrheterozygousde § & & % % > Al § dL % F-v fis o
N3 P2tz (heterozygpus) Na & 7t € v homozygoush % i@ » ¥ % € = 2 frhomozygoush %
- & > 3 ¥ i L TMPRSS3:h % % ¥ dominant negative effect » R ¥ i 57 & ¥ v
et iy 01 2 0 F TMPRSS3 3-v & I % eni7 & 74 4t > #70 E %&Na 7 /neT "% (Figure 9-10) -
B G o AP B R R PR 0 B e p hd R

PE o AP IR ¥ TMPRSS3-GFPR & 3-v cnd i3 A Fien 2 L A3 A4,
Bk § - Ken(Figure 11) o s 9~ # s 3 % HTMPRSS3-GFP & 35
RERE > iz ? > SR FIRTT mf\%—&»mﬁ»ﬁ & v ek A, ¢ &2 1 §F TMPRSS3--GFP
fR e v AR E - A AN FReFigure 11) A P2 RGE RPIRF sc g p LR
R AN R ETF AT LRE-HFE e 50 - HFHEE SN AP £y 2
> 7 siRNA & 5L > 24— X2k 3H 7 SECR 738 (7 » 7H4414rHeLaim?s (Figure 9~10) > ¢ 8 45
Pl- Bgapadrd| PR BV EAPRFLEFOTHR T P AAPE AT LR AR
AT E PR R o # F i 45 F FITMPRSS3 3-v enie * 4 FT o
PRI %

AFFH AT R E > AP SGASP & Sife N fP A fnre (Xenopus oocyte) & TRk AL =
4 REBLAT o Gl HE S A S AP e A RIS AR 2R
BLi g o cnA IR E o B RN E AR EF LB EAPF AT EN TR Ranp
o AP H PSR E A20IICHE - frrg it )& 2 FE €00 BEF L R0 RS BE
2013 & # %?3 g A o T FLE FpaperddE B o L 4R B REE ] o Pt E S RS
HAR B DT RLE (8 AT f TMPRSS3AA Flig & 2 i BB KRB 2L o ¥ hu i
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Table 1, Completed plasmid constructs used in the cell model,

Vector Inferesting gene Fluorescent protein Constructed plasmid name
THPRSSS ¥ Taghk? pBL ) PRI . ToghFP
pBI:/PRSS3 *-EGFP
DB TMPRSS3OIVU.EGFP
pBITMPRSSS M- FGFP
Bl PRS- CEGEP
it FGf?
DUPRSSIY gBLTMPRSS 4.7
eI
TN OB TVPRSSIA £GP
" eI 5
INPR BB TIPRSS IO B
phil-Te TV PRS0
el oBIL TV PRSS3 #4V.FGFP
TMPRSS3HH =
pBL:TVPRSS: v TugRFP TAPRSSS IS, EGFP
TMPRSS; 184
DB TV PRSS3 . TogRFPTMPRSSSCHE EGEP
TUPRSS3Y
pBLTVPRSS: - TagRFP TV PRSSSCEGFP
TagRFP and EGFP

pBLTMPRSS: v TugRFP TMPRSSS L EGFP

pBL:TAPRSS: ¥ TagRFP TMPRSSH.EGFP

B TVPRSSS ¥ TagRFP TMPRSSS HSEGFP

PRI TVPRSSS ¥ TagRRP TAPRES I EGFP

12




 TMPRSS3CIOMF _— e A _ 5

Figure 1. Assay of the catalytic activity of TMPRSS3 by sGASP. Transformants expressing both
the STE13-substrate-invertase fusion protein and STE13-TMPRSS3 (wild type or variants) were
plated on non-selective (glucose-YPD) and selective (sucrose-YPS) plates. A, wild type TMPRSS3;
B,R80OH;C, C194F; D, A418V; E, W251C; F, P404L; G,D103G; H, L184S. D103G, C194F, W251C
and P404L mutation are positive control. R80OH, L184S, and A418V mutation were found in our

previous study in Taiwan.

Growth of the yeast transformants on sucrose plates reveals proteolytic activity of
TMPRSS3
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Figure 2. Quantitative assay of growth rate of yeast colony on sucrose plates. The numbers in
parentheses are plating efficiency , which represent relative proteolytic activity. They are calculated
by dividing the number of colony on sucrose plates by the number of colony on glucose plates. (N=5)
D103G, C194F, W251C and P404L mutation are positive control. R8OH, L184S, and A418V

mutation were found in our previous study in Taiwan.
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TMPRESSWT

Figure 3. Assay of the catalytic activity of TMPRSS3 by sGASP. To simulate the heterozygous
genotype ,we co-transformants expressing three plasmid of STE13-substrate-invertase fusion protein
and STE13-TMPRSS3 (wild type and variants) were plated on non-selective(glucose-YPD) and
selective (sucrose-YPS) plates. A, wild type TMPRSS3; B, wild type and C194F; C, wild type and
R80H; D, wild type and L184S; E, wild type and W251C; F, wild type and A418V. C194F and
W251C mutation are positive control. RSOH, L184S, and A418V mutation were found in our previous

study in Taiwan.

Growth of the yeast transformants on sucrose plates reveals proteolytic activity of

TMPRSS3
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Figure 4. Quantitative assay of growth rate of yeast colony on sucrose plates. The numbers in
parentheses are plating efficiency, which represent relative proteolytic activity. They are calculated
by dividing the number of colony on sucrose plates by the number of colony on glucose plates. (N=5)
C194F and W251C mutation are positive control. R§OH, L.184S, and A418V mutation were found in

our previous study in Taiwan.
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Growth of the yeast transformants on sucrese plates reveals proteolytic activity of

TMPRSS3

100
3 90
~— 80
£L
£t
e 60 N Heterozyzous.
w [ =
E- 50 45.2
o 0 394
3 276 N Homoaygous
@ 30 | =5
a
- 20 11.6

10

o 1
WT C194F R&0H L1848 W251C Ad18v

Figure 5. Compare to quantization of Homozygous and Heterozygous. The blue one is
Heterozygous, the purple one is Homozygous. (N=5) C194F and W251C mutation are positive
control. R8OH, L184S, and A418V mutation were found in our previous study in Taiwan.
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Functional analysis of TMPRSS3 in Xenopus
oocytes
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Functional analysis of TMPRSS3 in

Xenopus oocytes
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553" T-EGFP Tm prss3*7-P1

Figure 11. Intercellular localization of the wild-type and mutant Tmprss3 protein.
Photomicrographs of tet-on HeLa cells transiently transfected with TMPRSS3" ,TMPRSS3D*¢,
TMPRSS3™* TMPRSS3"#'¢, TMPRSS3™* TMPRSS3™®, TMPRSS3"'%* and TMPRSS3*'®
cDNA, and immunostained for use a markers of ER (A)~(H). The staining results for wt and all
mutant TMPRSS3 showed substantial co-localization in the ER (White). The cells were
counterstained with PI (red) to highlight the nuclei. White arrows indicate the localization of ER.
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Functional analysis of TMPRSS3 mutant gene in nonsyndromic hearing loss using cell model

Cen-Hong-Yang, Jiann-Jou Yang, Shuan-Yow Li#

Department of Biomedical Sciences, Chung Shan Medical University, Taichung, Taiwan, ROC

ABSTRACT

TMPRSS3 (transmembrane protease, serine 3) has been found to cause in non-syndromic hearing loss.TMPRSS3 are type Il transmembrane serine protease (TTSPs). TMPRSS3 protein mainly in the endoplasmic reticulum location, and the
endoplasmic reticulum is the ENaC subunits assembly and the need to carry out the role of core glycosylation. It is considered in the ENaC and TMPRSS3 assembly process may play an important role. Previously, we found three missense
mutation, 239G>A (R80H), 551T>C/wt (L184S), 1253C>T(A418V ) of TMPRSS3 gene in the patients with non-syndromic hearing impairment. At present, functional alteration in the three missense mutations is unclear. In this study, we
examined the protein expression location of wild type TMPRSS3 and those mutations of TMPRSS3 within cells using the cell model. Our results found that the normal and mutants TMPRSS3 protein position was not different, which were
expressed in the endoplasmic reticulum of the cell. Nevertheless, TMPRSS3 can be activated of the ENaC and increase Na+ current, but whether these mutations cause the loss of function, there by affecting the Na + currents are currently
unknown. Therefore, activation of ENac function in these mutations of TMPRSS3 should be further explored.

missense 308A > G/wt  D103G
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Figure 1. ic repr ion of the di structure of the TMPRSS3 protein with
indication of known variants. (A) We made a summary of the variants of TMPRSS3 gene may
be association with nonsyndromic hearing loss. (B) Located on chromosome 7g22.1, human
TMPRSS3 gene is contains 13 exons and encode 454 amino acid with four domain, including
transmembrane domain (TM), low-density lipoprotein receptor A domain (LDLRA), Scavernger
receptor cysteine-rich domain (SRCR), Serine protease domain (sp). The arrows indicate the
R80H, D103G, C194F ,L184S, W251C, A418V and P404L variant in TMPRSS3.

Transcription

TRE: letracyelin-response clement

ATA reverse tetmeycline controlled transactivator

Figure 3. Tet-on expression system. The Tet-On expression system allows doxycycline (Dox)-
regulated gene expression under the control of the rtTA (reverse tetracycline-controlled
transactivator) protein and TRE (tetracycline response element) (Clontech). When a vector
containing the gene of interest preceded by a TRE is introduced into a cell line stably
expressing the rtTA, expression of the gene can be controlled by doxycycline in the culture
medium. The rtTA can only bind to the TRE and initiate transcription of the gene in the
presence of doxycycline. Furthermore, co-expression of two genes can be obtained by using
Bidirectional Tet Expression Vectors which contain a central bidirectional TRE element. For this
work, the bidirectional vectors pBI, containing two available multiple cloning sites, was used.

Table 1. Completed plasmid constructs used in the cell model.

Vector i i Constructed plasmid name

Prp— TagRFP PBI:TMPRSS3 V- TagRFP

— EGFP
TMPRSS3 PBI:TMPRSS3™ 0L EGFP

TMPRSS34F PBI:TMPRSS3"01-EGFP

TMPRSS ¢ PBI:TMPRSS3 545 EGFP

PBI-Tet peost
TMPRSS3' PBI:TMPRSS3 M:#-EGFP
TMPRSS3tH "
PBI:TMPRSS3 -TagRFPITMPRSS3P1026-EGFP
TMPRSS3 L1845

PBIZTMPRSS3 - TagRFPITMPRSS

TMPRSS3A18V
PBI:TMPRSS3 - TagRFPITMPRS:

TagRFP and EGFP PBILTMPRSS3 - TagRFPITMPRSS3 04 EGFP

PBI:TMPRSS3 - TagRFP/TMPRSS30"-EGFP

pBI: T EGFP

TagRFPITMPRSS3!

PBI::TMPRSS3 *-TagRFPITMPRSS3#-EGFP.

pBI Tet Vector Information e il sl e PT3070-5
GenBark Accession #:Usg Xt (- Catalog #61521
bl F— i —
o Mes|
(] (] \ (<] =] e
ABTCAGCTBACGCGTGLTAGCGCGGCCTCGACGATATCTCTAGACT
Pull Ml el FcoRY s |
s | — Mes i
= m o 1 | 0
GATCCTCTABAACTABGTCGACGCGGCCECTRCAGGAATTC
=~ e Aﬂli Wal Pl
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Figure 2. Subcloning of wild-type and mutant TMPRSS3 gene in pBI vector. The plasmids for
expressing proteins of heteromeric TMPRSS3 wt/TMPRSS3 mutant were based on the pBI
vector (Clontech), which has two available multiple cloning sites. cDNA encoding TMPRSS 3
mutant proteins were subcloned into the upstream cloning site on pBI using the Not/ and Sall
sites (green arrow). cDNA encoding wt TMPRSS3 subcloned into the Nhe I and EcoR V
restriction sites of the downstream cloning site on pBI vector (blue arrow). All constructs were
verified by restriction digest and sequencing.

Figure 4.Intercellular localization of the wild-type and mutant Tmprss3
protein. Photomicrographs of tet-on Hela cells transiently transfected
with  TMPRSS3%t . TMPRSS3D035,  TMPRSS3<19%,  TMPRSS3%251c,
TMPRSS3P404, TMPRSS3R8%H, TMPRSS3184S and TMPRSS39418" cDNA, and
immunostained for use a markers of ER (A)~(H). The staining results for
wt and all mutant TMPRSS3 showed substantial co-localization in the ER
(White). The cells were counterstained with Pl (red) to highlight the
nuclei. White arrows indicate the localization of ER.

Figure 5. Co-expression of mutant proteins with wild-type
TMPRSS3 by tet-on protein expression system. Tet-on
Hela cells co-expressing wild-type TMPRSS3-DsRed with
TMPRSS3D1036, TMPRSS3<19%, TMPRSS3%?*1c, TMPRSS3r404,
TMPRSS3RH, TMPRSS3'184 and TMPRSS3%48v —EGFP (A)
~(G) revealing co-localization of the two proteins around
the nucleus regions. Arrows indicate co-expression protein.

CONCLUSION
1. Our results found that wt and all mutant TMPRSS3
protein expressed in the same location within Hela cell,
which is in the endoplasmic reticulum (ER).

2. These results indicated that mutant TMPRSS3 do not
produced the trafficking and location effect in the
Hela cell.
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hearing loss

Novel mutations in the TMPRSS3 gene may contribute to nonsyndromic

Swee-Hee Wong ,Jiann-Jou Yang, Shuan-Yow Li

Department of Biomedical Sciences, Chung Shan Medical University, Taichung, Taiwan, ROC

Abstract

Recently, some studies have shown that mutations in TMPRSS3
were responsible for non-syndromic deafness (DFNB8 and DFNB10).
TMPRSS3 is a member of the Type Il Transmembrane Serine Protease
(TTSP). This was the first description of a serine protease involved in
deafness. Previously, we have found many mutations in the TMPRSS3
genes from screening of 230 children with non-syndromic deafness
(14/230; 6.09 %). However, functional alteration in these mutants of
TMPRSS3 gene remains unknown. In this study, we examined the
functional change of TMPRSS3 mutations using the secretory genetic
assay for site-specific proteolysis (SGASP) system. In the system, the
growth of yeast cells with sucrose as a sole carbon source depends on the
ability of functional TMPRSS3 to site-specifically cleave its substrate such
that invertase moiety can be released from Golgi membrane to
periplasmic space allowing conversion of sucrose into glucose and
fructose. The ratio of the number of colonies on sucrose versus glucose
plate reflects the function of TMPRSS3. Our results showed that all
TMPRSS3 mutations gave the ratio decrease than wild type from 81.6% to
11.6% in the sGASP system. Therefore, we suggested that these TMPRSS3
mutations may affect its proteolytic activity.

Sucrose Glucose

Golgi membrane Cleavage site

v
VNLNssaasa oo QSRS
CSTE 13 l'I Serine protease )

Fig.1 Principle of sGASP. In a yeast strain lacking invertase activity (suc2), a fusion protein is expressed in which
invertase is linked to the truncated lumenal domain of an integral Golgi membrane protein, STE13, by a short substrate
sequence containing linker. In the absence of cleavage of the substrate sequence, the invertase moiety remains anchored
to the Golgi membrane (A). However, upon cleavage of the substrate sequence by a specific protease, invertase is
released into the periplasmic space where it degrades sucrose to glucose and fructose. As a result, transformants are able
to grow on selective plates containing sucrose as the sole carbon source (B). The structures of the STE13-substrate-
invertase fusion protein and STE13-TMPRSS3 are shown in (C). Targeting proteases to Golgi apparently augments the
prot bstrate i ion and hence the p lysis.

i
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TMPRSS3 C194F

TMPRSS3 A418V $3 D103G

Fig.2 Assay of the catalytic activity of TMPRSS3 by sGASP. Transformants expressing both the STE13-substrate-invertase
fusion protein and STE13-TMPRSS3 (wild type or variants) were plated on non-selective (glucose-YPD) and selective (sucrose-
YPS) plates. A, wild type TMPRSS3; B,R80H;C, C194F; D, A418V; E, W251C; F, P404L; G,D103G; H, L184S. D103G, C194F, W251C
and P404L mutation are positive control. R80H, L184S, and A418V mutation were found in our previous study in Taiwan.

Growth of the yeast transformants on sucrose plates reveals proteolytic activity of
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Fig.3 Quantitative assay of growth rate of yeast colony on sucrose plates. The numbers in parentheses are plating
efficiency , which represent relative proteolytic activity. They are calculated by dividing the number of colony on sucrose
plates by the number of colony on glucose plates. (N=5) D103G, C194F, W251C and P404L mutation are positive control.
R80H, L184S, and A418V mutation were found in our previous study in Taiwan.
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Fig.4 Assay of the catalytic activity of TMPRSS3 by sGASP. To simulate the heterozygous genotype ,we co-transformants
expressing three plasmid of STE13-substrate-invertase fusion protein and STE13-TMPRSS3 (wild type and variants) were plated
on non-selective(glucose-YPD) and selective (sucrose-YPS) plates. A, wild type TMPRSS3; B, wild type and C194F; C, wild type
and R80H; D, wild type and L184S; E, wild type and W251C; F, wild type and A418V. C194F and W251C mutation are positive
control. R80H, L184S, and A418V mutation were found in our previous study in Taiwan.
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Fig.5 Quantitative assay of growth rate of yeast colony on sucrose plates. The numbers in parentheses are plating
efficiency, which represent relative proteolytic activity. They are calculated by dividing the number of colony on sucrose
plates by the number of colony on glucose plates. (N=5) C194F and W251C mutation are positive control. R80H, L184S,
and A418V mutation were found in our previous study in Taiwan.
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Fig.6 Compare to ization of and t The blue one is Heterozygous, the purple one is

Homozygous. (N=5) C194F and W251C mutation are positive control. R80H, L184S, and A418V mutation were found in
our previous study in Taiwan.
Conclusion:
Our results indicated that all missense mutations in the TMPRSS3 are able to
affect the proteolytic activity of TMPRSS3 in the study. Therefore, we suggest that
these mutation of TMPRSS3 may be cause nonsyndromic hearing loss.
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