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Muscleblind-like (MBNL) is afamily of proteinsthat participatein
regulation of tissue-specific aternative splicing. All of the mbnl
proteins contain two to four characteristic CCCH zinc finger
domains required for RNA binding. Misregulation of MBNL
activity in humans has been shown to cause myotonic dystrophy
(DM). This study is aimed to use zebrafish as a system to model the
down-regulation of MBNL activity in DM, in which the effect of
mbnls on early fish development can be investigated. First, we have
cloned three mbnl genes (zmbnl1 — 3) in zebrafish, determined their
structures and analyzed the expression profiles during devel opment,
and further inhibited their protein translation by injection of anti-
sense morpholino oligonucleotides, and analyzed the phenotypes of
the morphants and certain gene expression or aternative splicing in
morphants. Our result indicated that  alternative splicing of the
mbnls primary transcripts givesriseto at least 13 protein isoforms
(4 mbnl1, 4 mbnl2 and 5 mbnl3). Zebrafish mbnls are expressed in
most adult tissues athough the expression of specific spliceforms
varies. During embryogenesis, mbnl1 and mbnl2 are both
maternally expressed but mbnl3 transcripts are not detected until
24hpf. Whole-mount in situ hybridization reveals that mbnl1 is
expressed in presumptive blood and ventral mesoderm in early
embryos, and in heart, pharyngeal arches, otic vesicle and swim
bladder after 48 hpf. mbnl2 is expressed in lens, olfactory
epithelium, branchial arches, head mesenchymes, optic chiasm,
midbrain hindbrain boundary, pharynx and swim bladder. mbnl3
expression in the embryo is more ubiquitous. Knockdown of mbnl1
results in morphants with deformed heart, abnormal swimming,
fused otoliths, less differentiated eyes, defective muscle
morphology, swim bladder and arch cartilages. In consistent with
the phenotypes, the splicing patterns of four pre-mRNAS (tnnt2,
mtmr1,clcnl and vinculin) that are misregulated in cellswith CUG
RNA expansion, are altered in the morphants. The phenotype of
mbnl2 morphants is similar with that of mbnl1 but milder. Western
blotting reveal s reduction of mbnl1 and mbnl2 protein levelsin
corresponding knockdown embryos. Injection of mbnl1 and mbnl2
cRNA can rescue partial phenotypes observed in the morphants. On
the other hand, antisense knockdown of mbnl3 did not result in
embryos with clear difference from WT embryos except defectsin
the pharyngeal cartilages.
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ABSTRACT

Muscleblind-like (MBNL) is a family of proteins that participate in regulation of tissue-
specific alternative splicing. All of the mbnl proteins contain two to four characteristic
CCCH zinc finger domains required for RNA binding. Misregulation of MBNL activity in
humans has been shown to cause myotonic dystrophy (DM). This study is aimed to use
zebrafish as a system to model the down-regulation of MBNL activity in DM, in which the
effect of mbnls on early fish development can also be investigated. We cloned three mbnl
genes (mbnl1-3) in zebrafish, determined their structures and analyzed the expression
profiles during development, and further inhibited their protein translation by injection of
anti-sense morpholino oligonucleotides, and analyzed the phenotypes of the morphants and
certain gene expression or alternative splicing in morphants. Our results indicate that
alternative splicing of the mbnls primary transcripts gives rise to at least 13 protein isoforms.
Zebrafish mbnls are expressed in most adult tissues but the expression of specific
spliceforms varies. During embryogenesis, mbnll and mbnl2 are both maternally expressed
but mbnl3 transcripts are not detected until 24hpf. Whole-mount in situ hybridization
reveals that mbnll is expressed in presumptive blood and ventral mesoderm in early
embryos, and in heart, pharyngeal arches, otic vesicle and swim bladder after 48 hpf. mbnl2
is expressed in lens, olfactory epithelium, branchial arches, head mesenchymes, optic
chiasm, midbrain hindbrain boundary, pharynx and swim bladder. mbnl3 expression in the
embryo is more ubiquitous. Knockdown of mbnl1l results in morphants with deformed heart,
abnormal swimming, fused otoliths, less differentiated eyes, defective muscle morphology,
swim bladder and arch cartilages. In consistent with the phenotypes, the splicing patterns of
four pre-mRNAs (tnnt2, mtmrl,clenl and vinculin) that are misregulated in cells with CUG
RNA expansion, are altered in the morphants. The phenotype of mbnl2 morphants is similar
with that of mbnll but milder. Western blotting reveals reduction of mbnll and mbnl2
protein levels in corresponding knockdown embryos. Injection of mbnll and mbnl2 cRNA
can rescue partial phenotypes observed in the morphants. On the other hand, antisense
knockdown of mbnl3 did not result in embryos with clear phenotype except defects in the
pharyngeal cartilages. On the contrary, microinjection of mbnl3 cRNA into the embryos
resulted in defective embryos with crooked body axes and short, disorganized somites.
When introduced into C2C12 cells, mbnl3 is able to inhibit muscle cell differentiation.
Dual-luciferase reporter assay further reveals that mbnl3 down-regulated myoD promoter
activity in fish embryos. However, mbnl3 does not possess transactivation activity. Taken
together, depletion of mbnll and mbnl2 in zebrafish embryos can recapitulate, but not
restricted to, the pathological phenotype observed in DM patients, suggesting mbnl proteins
may participate in additional cellular processes in relation to development. Regulation of

gene expression or alternative splicing of certain genes is involved in the pathological
2



phenotype formation. mbnl2 may play a minor role than mbnll during fish development as
it causes milder effects, whereas mbnl3 does not play a key role in early development,

instead, mbnl3 may inhibit muscle differentiation through the MyoD-dependent pathway.

KEYWORDS: muscleblind, zebrafish, gene expression, whole-mount in situ hybridization,
RNA alternative splicing
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RARPSR AR ER z-mbnIl At s B ER L A el (Ble ) APFIRA
l6hpf P53 z-mbnll 2 I3t 5 % % 4% ‘w #2 (presumptive blood) ~ *f ] ¥ "2 & (ventral
mesoderm) > & 24hpf pF 8 | & blood vessels v blood island 7 % — & 3 o % | *
two color double staining 2 hbael(hemoglobin alpha embryonic-1)i% 5 marker L% % &
¥ z-mbnll Fe p¥ % 3% blood island = 2 NBT/BCIP X g4 ~ 4 z-mbnll £ 3= % >
™ FastRed =4 4% hbael £ % » S5 F B3 X 2 L% % % IR A blood
island & 81 5 % ¢ > & 5% z-mbnll & 24hpf ¥ it %22 presumptive blood 73 = o f {3
48~120hpf B & # £ Z>+ . BR(heart) ~ *FFE#R 7 (pharyngeal arches) ~ B % (otic vesicle) ~
. @8 (swim bladder) # 7 % (branchial archs)® e o & 2525 R 282 F % ¥ # R
120hpf 14 % > z-mbnll Asvp fm¥s b chdk JLE A B AR o F] gt A 9B 1 24-120hpf pEHP 2
s B 3B blood vessels {r blood island =¥ - ¥ - # total RNA & ] *
RT-PCR L% z-mbnll e B350 % % o1 & 24-120hpf pF8p z-mbnll % 3 % & % o

@ z-mbnl2 3% 4 5 % 3 A 24hpf PF z-mbnl2 Tr i &F 4 S PR3k (lens) 2w F A dw
#¢ (olfactory Epithelium) ~ 36hpf T 48hpf #f fF¥ p| % 3L .2 & (otic vesicle) ~ endodermal
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pouch fril 4 < = 4! ' (optic chiasm) % B+ H £ % & ¢ 3T I0; |7 72hpf 2. 16 %
L¢P /{8 "5 2 B (midbrain hindbrain boundary) ~ 4. f#(swim bladder)lﬁ — 8f (branchial
archs)» 7 P B eP& E o z-mbnl3 iareni M @ 2L ¥ B F rgd iy > & R Epn
¥ W IR RLEL o

Morpholino knockdown #$ sh% 4| g%

F\ P 12 Ag it % anti-sense morpholin % #r4] z-mbnl mRNA 3% = 3o B> fi3 &8
24hpf 3 5dpf g% %275 (morphants)# 7 % 4] » ’”ﬁ $L T fE z-mbnll s B gorrsg Ty ¢
¥ & e1F 5 o z-mbnll 3K 3+ 7 & & morpholino > ¢ 355 & I intron 3 % exon 4 2 & #r|
mRNA splicing 7 MO1 » 12 2 3 4 3% $& F4= 4> 8L % 27« MO2 - d 3 MO2
dose-dependent F. % % P &g > F]pt 00T R %%+ $84 02 MO1 morphants 5% % A1 B ¥ 3
G e & KkeZmbnl2 W MO #di #4248 zmbnl3 79 MO 3% 25 A f 3342 402k b 25(-6~
-30bp)eri ¥ > ¥ 4 e pEFr4] S f isoforms i 2 o

FI* B bt R e XS - Blmre PR 2 W5 4~ 8ng/embryo 7 z-mbnll g
z-mbnl2 MO > £ ¥ wild type 1 % Standard Control %" & L. %(8B] T ) - z-mbnll morphants
% 24 hpf PEAp 3 WT B fgfi] ¥ 3 7 s S8 70 48 hpf H BT # 0% § v gy
A v B’iﬂiﬁ%ﬂsﬁi” J L‘LLLFE*:WT g e BV LA FRAPET P e w T oon B
3| en% o~ § o E e e as s T2 hpf BI A IRSRRE B R o~ SRR R fra SR E R
TEHET A REME EINEY X4 > 2P R3 circular swimming £ —‘F'T w4 D
A5 B2 PeE T 2 S dpf 6 3 NIk R s AR A s R R ’v’%&’*fﬁ {5
pPSIW B E 5 EALHE 6 X 0 z-mbnl2 morphants % 24hpf PFR2FSE ARG PR
L ¥ 35 5 2 48hpf B2 z-mbnll morphants — 357 "G3% % PP a4 5 B0
nmf B RRE S LR AR TR R ARy A% AP R H A ggne
g e o @ circular swimming =53t )% vt z-mbnll morphants ‘> ° i & zmbnl3-MO £ /1

"

w
wl

K

e
34

3
=

5+ STD 59275 24 hpf ez 7 5 & @ B F e L W] o A 72 hpf 3 7% 5947548 > & FR40 83 75
ERALF o ST BRIV e R T R s BB g mild &3]
ERBEHE T A >~ MBhi G Y T 5 4 KaR YRR E E moderate & 3] o 1A FliR e
R e 4~ 47 > zmbnl3 knock down 779275 f "R ~ S RRfe A iR T E F I T L hR
¥l oFhReG 2 ¥ HET L oR A

5 %P anti-sense MO g4 > A2k — #{ exon | ¥ exon 4 } & primers »
* RT-PCR ‘" #& z-mbnll MO1 morphants ¥? Control # exon 4 inclusion 35 o 2 %
k25t z-mbnll morphants 57 RNA £ I E P 5T % o ¥ ¢t MO2 ¢4 f|d v ¥ & mbnll

promoter fused luciferase 7% 1+ "2 0 (B ) °

M iTLaveR A HREY

% 7 t74rz-mbnll knockdown morphants®*~p 7 iy £ F X §2 58 A i ikslow muscle
2 fastmuscle 7 o PFEP 3 F 92 PaPFH 2 $F 1 BB 2 o £ 24hpf2 e H B3R € B
M dods Boar 2 & 4 d » WT2? Standard Controlz_ 52 P5 H e (5250 F F tg A % > 3
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B = et 4F F 3045 N #F o @ z-mbnll morphantsP| A T ¥ F b o Fedohg R o] T
BE P o pLpEEp R RAA R 3B (T 5 A & G oslow muscle® T 0 Flt AP LR e
4 4 rlanti-F-591% Tslow muscle » % 3R.24hpfPFslow muscle & WT# Standard Control
2 BpPnEE S| EEen ) F Ptmyotome & & > myotomez. R A o] - 3R o0 B PN E R
1 & #rig® o @ z-mbnll knockdown morphantsf| I Shslow muscledicim 2 2 7] % 3 >
myotomef & ¥ NILE & ] 7k (Bl - A) o w48hpfpF F i FEAR {5 FcE > z-mbnll
knockdown morphants# slow muscle & Jjk ;% o {2 48hpfp 2% i ] * &+ 2¢ fit ff P27 3%
## > WT 2 Standard Control 2. %2 75 % #& 4T I §] {8 if #- i ehw o 5§ (burst
swimming) > @ z-mbnll knockdown morphants f &4 3| {1 jgcpF & 5 = f81F75 ¢ % - A2
%304 N £ #c=x morphants ¥ ® & F &5 ¥ - AR AP s s R A b o
g2 e (- AR EAF UWE RS w o b pFH Fr 4 %’«’éi‘éfﬁ“% 7 slow
musclesﬁ 7 fast muscle » F] ¢t 2% i* 12 myhz2 (myosin, heavy polypeptide 2) probe iz i+ 32

3 o L% 48hpfH fast musclesn| 28 .7 £ # (B - B)e &+ ¥ /=T »slow muscle migration
% = f& iE_f¢ fast muscle elongation » I T 32 % F **myotome;F A ¥ $slow muscles§F >
* F.iTyolk2 myotomeH mylz2F $ B 1% HE o @ z-mbnll knockdown morphants#
mylz2 4 3 % L & ¥ fmyotome#? myotomeZz. [ siboundary » ¥ myotome ¥ mylz2 # J 4
oA oA B R > A, 2] %7 H fast muscle ¥ it & A % & elongation 0 2 H iF A7 )
BB F o ¥eb o Ay 4% phalloidin® & — {4 & F-actin® ¥ #-2_ % & § % = s |4
BLESApfeia P (] ~) o ¢t PEHPWTIRPSIvp e g 5 R B > Flpt 7 g 318 E3teh
e R RS ER T R L B B 5 @ z-mbnll knockdown e a P s B K diR '{‘f’-ﬁl ¥
Freom g o B gk g X ﬁi‘« BT o SR BT B =B o

ST B A

cmlc (cardiac myosin light chain) & # 3Rt 58en K ] > 2 24hpfpF i & ¢k 0o B8
& d looping e (% #-ribra) & L ek » @ At Femlcx 2 2w g a0 g o
gt AL F) T S marker ¥ BL% Fz-mbnll morphants%‘48 hpfFF 3R T R IR E P o @ B
T2hpfps#p B ¥ Lz-mbnl2 morphants.< %€ e ¢ % 5 k48 > z-mbnll morphants i X & 7 >+
Bk e A o e g B A H&E R 4 ﬁ’* ’ 96hpmeT’94_”‘ B G F e
EQNC I el - R - J#ﬁv%”éﬁ’isr,s.ﬂ_.:ﬁ‘«;%ﬂk’rv Lo ey i-BREDEF -
z-mbnll knockdownei %2 P54 B gt 525 > A dp 2 XWT W BRe3Rz » © L H R e k2

R Hor 2 il R g & Klooping= & w ehg k(B4 GK) e

ORI 3 “/T T R F o A pe IR 48hpf F z-mbnll knockdown
morphants I} 4% \5—”" *_looping o F]pt i * 8z Pn % % L% 16hpf pFH cardiac
core + BMP(bone morphogenetic protein 4) 7730 55 % 3R> %92 7 22 somites P¥ cardiac core
+ BMP &3 543 6 #-/4- %_heart tube ” jog”e7> w» o WT ¥ Standard Control 2_ %275 H
cardiac core + BMP =i 5L % £ % = Bl(dorsal view, EfiF ) > @ & # £_ z-mbnll

22NN

morpholinol # morpholino2 morphants B|F 33.3%% 44.4%¢:2 73 cardiac core
BMP s 5 R 8 &+ RI(B4 A-C) -



Fu o vakd R %‘(EI—L)

FFEf s B ¥ AU ¥ & atF 4 ¢ chAlcian blue staining 4 7 & Sdpf BFeFFE S 5
g b Hid o & ¥ o8 AP ERRmL S S 2T T R pFe T % 2~ $ pharyngeal
arch » © 8+ ##; X @ z-mbnll morphants #it ¥ 4 ¥ & -7 iz 7% » "f TR AR IRT
A5k % B a1 Meckel’s cartilage ¥ ceratobranchial cartilages » H s 84 P > 7 25 4pik
4= % z-mbnl2 morphants = B @it ¥ Rl G = & "f 7 Meckel’s cartilage %5&  ceratohyal
Cartilage % & £ ¥ -~ ceratobranchial cartilages 1-5 & 38 § 2 7 1 % o

A 7z 2 % :z-mbnll morphants circular swimming {7 5 87 2 T 7 s 5v i 5 £
¥ oo ¥ B driaehoticvesicle A ER E o T B FECl T R ILFFRK 0 A (S
oA AR R BT UFEFI B IR A LY A - B EE R
% z-mbnll morphants # A8 % 3g B 7 FT 8 & g > d HL R g = 4 b
PRORTHREEZ THFLAT AL

A iR en3k £ anxab “,/TT T Sdpf VR - AT AR RE A ree A ’ﬁ 3
H AR o FIpt A pL A BT L BB 4. {# < gene marker © z-mbnll morphants ** 5dpf
PRI ST 2 A e

B (B 150 O6hpf chwars frin ke Jm 2 2 2 o i 2 wild type (5 e
Bis E‘J’J.,’:EL.?#« %+ Hematoxylin and Eosin % ¢ M. 2w cnA| fg 2 7|0 F 35 o & F

g H AR v d tba p ¥ 4 5 7 & ! Rods and Cones ~ outer plexiform layer

o

| ks

!

bipolars ~ inner plexiform layer 14 %2 ganglion cell layer > 7 96hpf 9992 75 % *» & 2 5827 7
ek Z 4 @ g 3R z-mbnll knockdown " H IR PP AR morphants (PR A 1 A
R A IR 2§ T o

o R T SRAm e b A f}’“ F1* hbael(hemoglobin alpha embryonic-1) ¥ 5 marker g
% z-mbnll knockdown & » # presumptive blood £ .F 7 £ % o B %R > WT 255 &
24hpf pF presumptive blood 4 # # blood vessels I blood island & & > ¥ ;- % & | 7L 30
Hici = E o @ zMbnll knockdown morphants & 7% 3 4p fe 4 % 35 » {2 hbael
2IEP B > £ H & bloodisland F & & i 5 ;ﬁy’: 5o

Mbnll # & = 25 & 7] splicing #§35 (®-+-)

Tnnt2 & % %27:Tnnt2 (Cardiac troponin T ) & #] % 3.>* 5 #f somitogenesis (10 hpf)
1 %2 cardiogenesis (14 hpf), runspliced form 5 i » 12 2% % 2% 3+ eiprimer2 #PCRE £
& %220 bp o 48hpfis B 4o B 2 I TnNt2 alternative splicing form (exon 4 exclusion)
HE R 5166bp o 4] * RT-PCRA 47 _& wild type ~ STD {= z-mbnll morphants:Tnnt2
splicing forms > morphantszTnnt2 unspliced form 3 7 i A2 ¥ & ;2 "8 ] 05 £ = Tnnt2
alternative splicing form o #-%_§ {4 Tnnt2 alternative splicing formeng 3+ 5§ H if > 30 4
g g A b ptalternative splicing formevt &) & WTH2. 75 3 ot #F (48-96hpf) 3 + = e
A8%' ; @ fizmbnll morphants®2 PSR — B M3 A et ] 0 A 96hpfpE A B E F 9.3%
2115.2% 0 4p 3 WTE STDH b &) 4 %) 5 33.022%28.8% > # P z-mbnllsrg & 5 A3 H
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alternative splicing=17* s¢ ©

UmlﬁDM%A%%Wﬁ%ﬁ’ﬂmm%mﬁﬂ#aé$dmhﬁ}é?ﬂﬁ%
F AT R ERE § S 0 B (subunit) s g 0 @ 1Tk 4 DRIV B A ik o
AP e R e * SRRl s g doclenl A 7 & Siprimer- iE 78 i sa B g eh= faclenl RNAY
£4)3% » RT-PCR &% % & 7 wild type % 24hpf|96hpf & 134 fdisoform » A6 %A 1
g Aggclenlen R Fligfp st S IR E G ¢ Fexonl~6r4 2 b % exon3 s faclenld 427
7V @ z-mbnll morphants | ¢ % # I— fé e prit “f exon2 3R ¥ PR f?#v’v o £:.96hpf
PEA* 388 T & 4 470 % z-mbnll morphants # exon2~3 excluding # L& gt WT £
STD #ix i -

Vinculin  Vinculin#_- fémicrofilament-associated ‘m *s 2k £ 3~ ' > ¥ F Tactin
filament** fw?z %=t o Metavinculin®] £vinculing - BH 28 4 o A& &7 F R
metavinculin % % I3 F fgredr T g eed 5 1 ¥ drvinculin co-localizes 4 %] 24 vinculingk
£ dense plaques¥? costameres > £& 7P -4k i rrﬂf?;:é o m % f& & F metavinculin ] £2 vinculin
¢ e pF 4 Iﬁﬁ?i”ﬁ’ﬂ’b_ﬁ’ saez P GG E BB A ke o AP SERIh S g
vinculin& 7] » 1% 78 d1vinculin 2 metavinculin » +* %} = fJ:v’ e F) 2 R o g Sl
12 I PﬁmmhmﬂmeMRQ%KHTRm$ﬁﬁﬂ’MMWmﬂﬂ$¢%@f
£ 72hpt # metavinculin’y 2vinculing 4p 1794 & - @ z-mbnll morphants #
metavinculin =14 ZLE25 R K 3tvinculin -

Mbnll ¢ &% EMBNL-~ ¢ #47# * £ splicing form » ¥ 4 % embryonic form £
adult form o 2% * 2 Fo IS FIER| T Fpa B g AMBNL2 5 7] 3 Rnr
5 4 embryonic form % exon 5 included - adult formB| % exon 5 excluded o F]4* #-primer
K 3+ frexon 4¥exon62. fF o i 1 L 7§ PCRe> 81t #296hpf wild type ~ STD v
z-mbnll morphants H mbnll splicing forme % 8 o 96hpfFF WT¥2 STD*2#~mbnl1 C form
% L& ¢ mbnll A-D form 16.3%%? 17.5% > * adult form# & » ¢ 7 42.6%244.8% -
4 ¥3zMbnl1 knockdown morphants 2 mbnll C form# & P? Bggie i< » & ik 7 8.6%
10.4% > F % o fadult form# BE » % 4 1 29.1%£726.2% -

244304
0 A st z-zmbnl MO #7id & chia PR R A AR F G R - B2V R TR AP
H#A 7 pCS2'-z-mbnll # if ;ﬁ » ¥ @ T H capped RNA o #-¢ & f& RNA £ H jp¥ten
MO - 4273 643 225 LR H £ A w4 fF 2540
TEERF YR ET AR % T X Jcd WT > z-mbnl morphants 1 2 pF
A%+ z-mbnl MO v cRNA 7927512 41 #* Alcain Blue % ¢ » ¥ #-H 4| fi & % normal ~ type

1 2% type 20 f 2%zt H T 8 g F w 4R chf3) o z-mbnll morphants & Bg gt ¥ #F ¥ 0
¥ LA R L A PRI G A S 1 - ¥ pharyngeal arches ¥ = X P H 24
tp i3 WT einormal 5 74 #c # 54k & > = r X & = %t pharyngeal arches 4 3] ] &
% % Type 13 Type 2R % { 5 B comorphants > BT EEHE A7 Ao %4 520
pg/embryo cRNA 2_7 - H fb/i & 4 ng/embryo z-mbnll MO H 7] g 4%+ »* Type 2(it
11



.

87.8%) » @ f FEiL b+ z-mbnll MO % cRNA 92758 Type 2 B*% 3 52.5%  * &% 71 =
75 75 5 (38.6%)4 B >4 cRNA W48 o e1992 75(28.9%) o

< BRjogging w4 1% cmlc2 A 48hpfpF & — |+ & F3T < R 2. 4140 12 whole mount
in situ hybridization L% H jog e w4+ £ F 3 w4k o 2 A W@ & zmbnll A-D form I
4 6] ¥7 zMbnll mopholinol — A2 j3 &+ 8] 52 75 ¢ > & % 3 L H defect rate £2 ¥ ji;1 %4 zmbnll
MOl )ﬂe‘lﬁi&”b? AT ARE o K% 7 zmbnll D form # normal type ¥ F 30% > H
isoforms & F 40 % B AW ARF; 0 K 35.7%4 HWEF L 60% ~ 54.5%% 66.7%(B -+ =) -

zmbnI3 & £33 R e E 3 & F 5

"$ 7 knock down F & 4 b o AL v B AL B+ zmbnl3 cRNA j¥_gain of fuction ¢
& B k4531 zmbnl3 0 i o & 48hpf § % E ARSI 54 Zzmbnl3 2. cRNA
A BB e o B FERRE WA EFRE KL R R EZARE T
T o A myogenin B s 4L ¥R A i zmbnl3 AR T XA R e P S
L% 19.5 hpf F myogenin RNA transcripts ™48 &2 2 (Bl =)o d FoHEFH T »
WEAE zmbnl3 2 P H MM EHE S PSS B2 7 HAE Y C BERAT
pt o J1* myoD #ii probe i {7 > aAME R e RS (12 hpf) myoD RNA
transcripts >+ 48 & 2_ & 0 B or B E % iF zmbnl3 2. %275 H myoD RNA transcripts it
] P "2k (paraxial mesoderm)# L& 121 3 T % ¥ 2 AL A F(type 1) 0 { BeE iy
(type 2)E #hip]® " hy @25 - TR A RSB > HHEL 3w REHE N
Ao d P EER BT AE zmbnl3 €13 < F H RIS T m§}. ¥ o

zmbnl3 #r4] C2C12 sm¥e A i
= %7t zmbnl3 &F § Frfiep dwre ha i A P4 R0 pEGFP-N3- zmbnl3B F
B> 02 GAL 63 D 4F A TR endd 4 dere fRo AP LIE 1 3 1B enriched %% > - growth
medium % #% = differentiation medium 32 % 5 % {3 » 4G ¥ LB ics ™ LR e o 0L
fioo C2C12 fmme A v B s fmie Gyt 2 B AR MR E 752 £ H 5605 Primoe > WA 1t
11;:,\ > Privg B (myotube) i g o w4 it S X {8 0 IR & E pEGFP-N3-zmbni3B 2
C2CI12 fmre 2 & iv p Bgagdrd] (B~ =) 41* myoD »myogenin » mef2a - dystrophin -
myosin heavy chain(MHC)i& = RT-PCR %2 & = 8:% 72 247 d F S % (B 7 )& T »
myoD - dystrophin % L& I & P* g2 %; @ F % 3L pEGFP-N3-zmbnI3B 2. C2CI12 m*
H myogenin f MHC e g &2 WT gt > % 5 P AT "% > ¥ mef2a A F]< splicing
patterns $ ik e & b @ 637530 o b 5 Baon i § 4 IR zmbnl3 o € Frd] C2C12 e

-
El

zmbnl3 & #&Fr4] myoD promoter 3% 14
PR %A zmbnl3 ¢ BB diriaep F Y 0 e kR € Pl
C2C12 m¥e i iv o Lan = }I%:}]E] 41> hMBNL3 #7441 C2C12 m¥z & i+ Z_i% :§$r 4] myogenic
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factor promoter i1 E-box » F]yt A i i~ 4 7 f zmbnl3 £ myoD 2. FF E_F F A4
% o 41* Dual-Luciferase reporter assay » #% i - pGL3-zmyoD promoter (-1517/+201) %
# > pRL 424 pCS2" /zmbnI3B/zmbnI3C 448 & {5 » i1 843 50 B 4 — 1 Jm¥e pFap 2
pPa N o {F 24hpf {6 0 iE 7 dual-luciferase 7H 4R T_° &% &7 > % I zmbnl3B/3C =
2753 luciferase /& 15 F T "% 70~80% (R =)o d st %% ¥ U3E# > zmbnl3 & F ¥

#] myoD promoter i # o #X @ #-zmbnl3 f= GAL4 DNA binding domain f# £ {$ 14 yeast
one hybrid = 3% Bl3# » &7 7 UAS-promoter-his reporter P #A ? & i fx# his /&2 »

k2om 2 2 & 5 transactivation /& [2(B] - - ) 427R] 2 ¥ myoD promoter 7933 457 & & B 450

z -~ §
zmbnll scaffolds 157 and 191
—=> -
5’ 546 171 252 240 54 154 36 92 45 72 290 3’
exon 1 2 3 a4 5 6 7 8 9 10 i1

zmbnll1lA 412 a.a.
zmbnllB 406 a.a.
zmbnllC 394 a.a.
zmbnll1D 424 a.a.

scaffold 4

5 662 165 201 255 54 157 95 137 3
exon i 2 3 a4 5 6 7 8

zmbnizA T — —EE3— DO} B— 0 =208aa
zmbnize [CIE——~EHF~EE3— {3~ 330aa
zmbnizc CIE~EF~EE3— 0O} B— 0 =71aa
zmbnizo [ F— —EE3— {3+ B0 1%0aa

zmbnli3 scaffold 1388
>
5’ 240 165 201 234 151 36 108 95 111 3’
| il
exon 1 2 3 4 5 6 7 8 [=]

zmbniza OQE———&HHEE—{3— [0 ss5aa
zmbnizs OEF——8EHFE 13— B~ 381 aa

zmbnisc OQEF— & EE 13— & 1 340 aa
zmbnizo E——8EFE——L 335 a.a.
zmbnize OEF——8HEE+H 130" E 1 sssaa

splicing rich

Bl- ~z-mbnll »z-mbnl2 f= z-mbnl3 A FlH

z-mbnll > Ch2 > & %3 z-mbnllA ~z-mbnl1B »z-mbnl1C {= z-mbnllD = &4+ £
M5 5 z-mbnl2 =3t Chrl» 3 = f& isoforms 4 %] 5 z-mbnl2A~z-mbnl2B ~ z-mbnl2C
4v z-mbnl2D; z-mbnl3 B =+t Chrl4- & alternative splicing form % z-mbnl3A~z-mbnl3B -
z-mbnl3C ~ z-mbnI3D 12 2 z-mbnI3E -
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Hs_MBNL1 ENGRVIACFDSLKGRCSRENEE
Wm_Mbn i1 ENGRV I DSLKGRCSRENGE
Xt mbnH ENGRV I DSLKGRCSRENGE
Dr_mbnli ENGRV | DSLKGRCSRENGE
Hz_MBNLZ ENGRV I DSLKGRCSRENGE
Hm_Mbnl2 ENGRV IACFDSLKGRCSRE NS
Xt_mbni2 ENGRVIACFDSLKGRCSRENGE
Dr_mbnl2 EHiJR‘JI.P.CFDSLRGRCREI\I -
Hs_MBNL3

Wm_Mbnl3

¥t_mbnl3

Dr_mbni3

LE\(c.box CX&CXSCXQH "

Hs_MBNL1
Wm_Mbn 1
¥t_mbnH
Dr_mbnlt
Hs_MBNLZ
Wm_Mbn[2

Xt _mbnl2
Dr_mbni2
Hs_MBHL3
Wm_Mbn[3

Xt _mbnl2
Dr_mbnl3
Dim_muscleblind
Ce_muscleblind

HLKTQLE INGRNNLIQ
HLKTQLE INGRNNLIQ
HLKTQLE INGRNNL I QQKg QUEY TP GHOL

. LG P v LR s PGl e BEML PERP v L videBr e
-GQFV I SGQVEAVATHYTG I FAN- - - ---- - ----HEEEL Le[gorvTeaL{gr Vv
LSALIIQTG TRHVSPHMALGQAARAVHI PITP

Ala-rich

w w 0 -] m -] 0 0

Hs_MBNL1 YFHPPAHLGAKIKAAGYAW
Wm_Mbnid YFHFPAHLQAKIKAAQUO
Kt mbnH KYFHPPAHLQAKIKAAQEQQ
Dr_mbnli 'YFHPP.P.HLITJ.P.KIKP«OHFJ_
Hs_MBNLZ YFHPPAHLQAKIKAAQHQR
Wm_Hbni2 YFHPPAHLGAKIKAAQHQE
Xt_mbnl2 KYFHPPAHLQAKIKAAQHGRE
Dr_mbni2 - ICKLMRTDKLEVCREFQRGNCQIRGEYDCRFAHPRIDS[@M I DT IZINTU'TVCHD‘FIHH YFHPP.RHLIJM\H\R.II)H!TJ_
He_MBNLY S EL kL REDKLEVCREFQRGNCRGENDCRIAHPUIDMEM | DNTVTICMDY I KG YFHPPAHLQA k HQL
Him_Mbn[2 Xeld<@IR TOELEVCREFQRGNCYRGERECREA HP O MRIM | DNEv T LHD‘FIMJRL KCKYFHPPRHLQAK Ha
Xt_mbnl2 - l')_KLRTDKLEUCREFFJ_RGNIZRGEDI:R.RHPD YFHPP.EHLIJ.IKIKP«II)H!}_
Dr_mbnl2 ITHGNGN - - -5 RTDKLEUCREFQRGNCRGEDGRRHPIIHDHUVCHD‘FIHGRCRR KYFHPPAHLQAR I KAAQHGQES

Dm_museleblind QTQ‘MQ -- - - Q| PLISPRIMITSPLAAHHHOOQQAL QHAL NN - - - - - - 1{l -mN Lt}
Ce_muscleblind QTAALLG----------------NVGGLSAQSAAAFMANSSAARAAARQATPS - - -------------
<

Ala-rich LEVbox CX,CXCXH
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elegans.
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z-mbnll morphants

# 3 circular swimming F 3 % $i -] 17 yolk stem > z-mbnl2

morphants B & 120 hpf 2 18 3 B & "E 3% K *E o Z-mbnl3 morphants | % 7] # e

A

F R
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mbnit LT A HH
1 2 3 _4

Mo2

M WTSTDMO1TMO2

0.8

0.6 4

04 4

0.2 4

Relative expression

WT

B ~ MO et 4 |

mbnl1 promoter

MO1

luc+

zmbnl1

***P< 0.001

Relative Luc activity
(=]
(=2

e pGL3-mbnl1 promoter : i |
mbnl1 MO2 : == +
STD: + =

MO1

Use of MOI to prevent correct splicing of ZMBNL1. Inhibition of

translation by MO2. The MO?2 is targeted to sequence 5’ of the translation start site and

inhibits progression of the initiation complex. (A) Arrows indicate the positions of the

forward (F) and reverse (R) PCR primers used to test the efficacy of the splicing MOs. Note
that the predicted band in z-mbnll MO1 is absent, probably because the PCR conditions do
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not efficiently amplify products.(B) Transient expression assays were performed with
pGL3-luc plasmids containing the internal zmbnll promoter (-1137 to +370) after injection
of the zmbnll morpholino 2 or STD. The relative luciferase activity in the absence of
zmbnl1 morpholino 2(mo2) was set at 100%. Inducing levels show a significant reduction
in the presence of coinjection pGL3-zMBNLI1 promoter(-1137-+370) , *** P <0.001.

Mb1
MO1

WT

Mb1
MO1

®-= > mbnll knockdown ¥+ »~feP-sve @i 58 o (A)F * é’.,JiEff\ 2 ¢ 12 anti-F-59 #
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Z_slow muscle > 24hpf pF g i §F 9275 9ot 51 T AE R 350 myotome % & 0 @ mbnll
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B IR ILK o (B) 12 myhz2 probe i 2 2 BLE 48hpf enp-3vA] ik - mbnll knockdown

morphants 2 mylz2 £ 3L 7 L & ¢ % myotome ¥2 myotome 2_ ¥ e f} 2 o

B A~ gy 215 40* phalloidin % ¢ B&»up % (931§ © (ALE) WT » (B, F) STD
control » (C, D,G, H) mnbl1-MO morphants - (A-D) phalloidin % ¢ (E-H) DIC f* L% p&

T
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STD Mbni1 MO1 Mbnl1 MO2

35.7%(5/14) 10%(2/20)

®l4 ~ In situ analysis of cardiogenesis in the mbnll morphants. The expression of
bmp4 and cmlc2 genes in WT and mbnll knockdown embryos. (A-C) bmp4 in cardiac
primordium. The white line denotes midline (L, left; R, right). Normally, bmp4 transcripts
accumulate predominantly on the left side of the heart tube at the 22-somite stage (A). In
mbnll knockdown embryos the heart fails to jog (B, C). At the same stage, cmic2
expression in the heart is symmetric (D-F). Cardiac expression pattern of cmlc2 in STD (G)
and mbnll MOs-injected embryos (H-K) at 48 hpf. In a WT embryo the heart tube exhibits
normal cardiac looping (G), while some of the morphants exhibit absent (H, I) or reversed

(J, K) cardiac looping. A-F, dorsal views; G-K, Frontal views; a, atrium; v, ventricle.
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¥+ ~ Mbnll knockdown larvae show defects in otoliths, arch cartilages, swim bladder,
eyes and blood circulation. WT (A, C, E, G, 1, K), and mbnl1 knockdown (B, D, F, H, J, L)
larvae at 5 dpf, 4dpf, or 24hpf. (A) The otic vesicle of a WT larva contains two otoliths, a

smaller, anterior one lying in the horizontal plane and a larger, posterior one oriented
vertically. (B) In mbnll knockdown larvae, the otoliths are close or fused together. Alcian
blue staining reveals the pattern of cartilage formation in the rostral region of a WT larva in
normal (C, E) and morphants (D, F). Note the almost absence of pharyngeal cartilages in
mbnll morphants. (G) anxa5 expression is seen in the swim bladder of WT larvae at 4dpf
but not in mbnl1 knockdown larvae (H). (I-J) H & E staining of the frontal sections of Sdpf
larvae reveals defects in the eye differentiation. (K-L) in situ hybridization of hbael( S

el-globin) expression. The expression is decreased in mbnll morphants.
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48hpf 72hpf

WT STD MOIMO2Z2WT 5TD MO1vO2

WT STD MO1 MO2

D
=AB C I T /L1
¢ 111

Cform: 163 175 8.6 104 (%)

Mbnl1

- Embryonic form

Mbnl1 = Adult form T

Adultform: 42.6 44.8 29.1 26.2 (%)

- CIPEEN ]
Clenl pll 2 .
-3

CIJ: 297 291495 3.17 (%)

-CEE ]
pl

CI]: 330 288 93 152 (%)

Tnnt2

W+ - -~ Alternative splicing of Tnnt2, Clcnl, vinculin, mbnll and mef2ca in mbnll
knockdown embryos. RT-PCR analysis of 48hpf -96hpf embryos. (A) Tnnt2 exon 4
skipping is reduced in the mbnll morphants compared to the wild type. Exclusion of Clenl
exon 2/ 3 was increased in mbnll morphants. In wild type, metavinculin is spliced to an
equal amount with vinculin but is reduced in mbnll morphants. (B) Semi-quantitative
RT-PCR analysis of total RNA isolated from 96hpf or 72 hpf (mef2ca) embryos.
Representative RT-PCR gels for mbnll A-D isoforms, mbnll adult/embryonic forms, Clenl,
Tnnt2 and mef2ca splicing forms are shown. The percents of the resulting splicing products

of the indicated isoforms were quantified and shown below.
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Mbni1 MO1

Frontal views

Dose Defect rate (%) Normal (%) Type | (%) Type Il (%)

STD 0 100 0 0

Mbni1 MO1 64.3 (9/14) 35.7 (5/14) 28.6 (4/14) 35.7 (5/14)
(ang)

Mbni1 MO (4ng)

+2z-mbnl1 A 40.0 (6/15) 60.0 (9/15) 33.3(5/15) 6.7 (1/15)
cRNA(400pg)

Mbni1 MO (4ng)

+2z-mbnl1 B 45.5(5/11) 54.5(6/11) 9.1(1/11) 36.4 (4/11)
cRNA(400pg)

Mbni1 MO (4ng)

+z-mbnl1 C 33.3(3/9) 66.7 (6/9) 33.3(3/9) 0
cRNA(400pg)

Mbni1 MO (4ng)

+2z-mbnl1 D 60.0 (6/10) 30.0(3/10) 60.0 (6/10) 10.0 (1/10)
cRNA(400pg)

¥l = ~ In situ analysis of cardiogenesis in the mbnll morphants. The expression of
cmlc2 genes in - STD and mbnll knockdown embryos at 48 hpf. In a STD embryo the heart
tube exhibits normal cardiac looping , while some of the morphants exhibit absent (type I)
or reversed (type II) cardiac looping. The normal pattern is restored by co-injection of

mbnll MO1 with mbnll mRNA. a, atrium; v, ventricle.
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% A v ehlA)  zmbnl3 ] £FE % in v % § %€ » ¢ zmbnl3B-pEGFP-N3 » GAPDH
£ % loading control  f|* & = BLE ;* & 45 MHC %9 § % L > actin i¥ % loading
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|
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25



PES%pE
AEF %R oo mbnll & mbnl2 cdt A F U R s g GRS T I X e B A

FOE SRR I T T R e B S B e
BATFGASE HRPPRBF 2 M 8- 3 {7 UM F] A S B
£ T nRK Ao =R oxf Ph2th s A BRI o e 4] 0 B R mbnl
o FE L S T ARR 0 bde - HAT S L R e A me,%#m T

P UL R ERRFEA Y T T 0 Gmbni3
PR E S e T SR P H e % S R mbnl3 £ A
MyoD-dependent i /5 % F#74 m}rﬁ fmPe (T A Y o { AT % BT mbnl3 ¥ o & wie ik
HAF2 mie X ET Mo 1tur;ﬂ\}_grrm;?m L - %A 5 # mbnl ?’\"%3‘9
Fialmep a2 B g ks { 2050 f2 2% bk }}igﬁk\gg A#H T ‘i—}{j’rgﬁ@{_
F h B R -

s

“J

'

e

\«\-\

=

Ol &
o d

542

1. Faustino NA, Cooper TA (2003) Pre-mRNA splicing and human disease. Genes Dev 17:
419-437.

2. Pascual M, Vicente M, Monferrer L, Artero R (2006) The Muscleblind family of proteins:
an emerging class of regulators of developmentally programmed alternative splicing.
Differentiation 74: 65-80.

3. Ho TH, Charlet BN, Poulos MG, Singh G, Swanson MS, et al. (2004) Muscleblind
proteins regulate alternative splicing. EMBO J 23: 3103-3112.

4. Worthington MT, Amann BT, Nathans D, Berg JM (1996) Metal binding properties and
secondary structure of the zinc-binding domain of Nup475. Proc Natl Acad Sci U S
A 93: 13754-13759.

5. Lai WS, Kennington EA, Blackshear PJ (2002) Interactions of CCCH zinc finger proteins
with mRNA: non-binding tristetraprolin mutants exert an inhibitory effect on
degradation of AU-rich element-containing mRNAs. J Biol Chem 277: 9606-9613.

6. Gaiano N, Amsterdam A, Kawakami K, Allende M, Becker T, et al. (1996) Insertional
mutagenesis and rapid cloning of essential genes in zebrafish. Nature 383: 829-832.

7. Bai C, Tolias PP (1996) Cleavage of RNA hairpins mediated by a developmentally
regulated CCCH zinc finger protein. Mol Cell Biol 16: 6661-6667.

8. Wang LC, Hung WT, Pan H, Chen KY, Wu YC, et al. (2008) Growth-dependent effect of
muscleblind knockdown on Caenorhabditis elegans. Biochem Biophys Res
Commun 366: 705-709.

9. DeMaria CT, Sun Y, Wagner BJ, Long L, Brewer GA (1997) Structural determination in
AUF1 required for high affinity binding to A + U-rich elements. Nucleic Acids
Symp Ser: 12-14.

10. Kay BK, Williamson MP, Sudol M (2000) The importance of being proline: the

26



11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

interaction of proline-rich motifs in signaling proteins with their cognate domains.
FASEB J 14: 231-241.

Monferrer L, Artero R (2006) An interspecific functional complementation test in
Drosophila for introductory genetics laboratory courses. J Hered 97: 67-73.

Begemann G, Paricio N, Artero R, Kiss I, Perez-Alonso M, et al. (1997) muscleblind, a
gene required for photoreceptor differentiation in Drosophila, encodes novel nuclear
Cys3His-type zinc-finger-containing proteins. Development 124: 4321-4331.

Artero R, Prokop A, Paricio N, Begemann G, Pueyo I, et al. (1998) The muscleblind
gene participates in the organization of Z-bands and epidermal attachments of
Drosophila muscles and is regulated by Dmef2. Dev Biol 195: 131-143.

Kanadia RN, Urbinati CR, Crusselle VJ, Luo D, Lee Y], et al. (2003) Developmental
expression of mouse muscleblind genes Mbnll, Mbnl2 and Mbnl3. Gene Expr
Patterns 3: 459-462.

Kanadia RN, Johnstone KA, Mankodi A, Lungu C, Thornton CA, et al. (2003) A
muscleblind knockout model for myotonic dystrophy. Science 302: 1978-1980.

Shang CA, Thompson BJ, Teasdale R, Brown RJ, Waters MJ (2002) Genes induced by
growth hormone in a model of adipogenic differentiation. Mol Cell Endocrinol 189:
213-219.

Adereth Y, Dammai V, Kose N, Li R, Hsu T (2005) RNA-dependent integrin alpha3
protein localization regulated by the Muscleblind-like protein MLP1. Nat Cell Biol 7:
1240-1247.

Fardaei M, Rogers MT, Thorpe HM, Larkin K, Hamshere MG, et al. (2002) Three
proteins, MBNL, MBLL and MBXL, co-localize in vivo with nuclear foci of
expanded-repeat transcripts in DM1 and DM2 cells. Hum Mol Genet 11: 805-814.

Mankodi A, Urbinati CR, Yuan QP, Moxley RT, Sansone V, et al. (2001) Muscleblind
localizes to nuclear foci of aberrant RNA in myotonic dystrophy types 1 and 2. Hum
Mol Genet 10: 2165-2170.

Miller JW, Urbinati CR, Teng-Umnuay P, Stenberg MG, Byrne BJ, et al. (2000)
Recruitment of human muscleblind proteins to (CUG)(n) expansions associated with
myotonic dystrophy. EMBO J 19: 4439-4448.

Ranum LP, Day JW (2004) Myotonic dystrophy: RNA pathogenesis comes into focus.
Am J Hum Genet 74: 793-804.

Fardaei M, Larkin K, Brook JD, Hamshere MG (2001) In vivo co-localisation of MBNL
protein with DMPK expanded-repeat transcripts. Nucleic Acids Res 29: 2766-2771.

Hsiao CD, Tsai WY, Horng LS, Tsai HJ (2003) Molecular structure and developmental
expression of three muscle-type troponin T genes in zebrafish. Dev Dyn 227:
266-279.

Buj-Bello A, Furling D, Tronchere H, Laporte J, Lerouge T, et al. (2002)
27



Muscle-specific alternative splicing of myotubularin-related 1 gene is impaired in
DM1 muscle cells. Hum Mol Genet 11: 2297-2307.

25. Witt S, Zieseniss A, Fock U, Jockusch BM, Illenberger S (2004) Comparative
biochemical analysis suggests that vinculin and metavinculin cooperate in muscular
adhesion sites. J Biol Chem 279: 31533-31543.

26. Charlet BN, Savkur RS, Singh G, Philips AV, Grice EA, et al. (2002) Loss of the
muscle-specific chloride channel in type 1 myotonic dystrophy due to misregulated
alternative splicing. Mol Cell 10: 45-53.

28



ﬁlﬁigﬁﬂégﬁ g,L%;g—r »hﬁ m"sﬁﬁﬁ’g&‘u ﬂé}?%

pp: 98& 7 % 300

FE My [NSC 97—2320—B—040—013—MY3
3 ¢f | Muscleblind #2% 39 B 0w s A7 3
LR AHBE Y LFE AL R
i B4
e 2 B
2009 # 7% 15 p EAAIRS
EHMER |2 § B
2009 & 7% 19 p
(P25 Eares i gz gy g‘,i
ey
(# = ) 6nEuropean Zebrafish Genetics and Development Meeting
(¥ < )1 Muscleblind 3-v B &% #sa 3 43 7 2 # iy
Bt 2.%’?;???]’?' B AT Irxll %22 B g cPg3R s v R FFEALG 2B 5
e (% < )1. Functional studies of muscleblind proteins in early zebrafish development
2. IrxI1 is a novel homeobox gene involved in brain, muscle and pharyngeal arch
development in zebrafish

- s B KB

2R ELRY [Hﬁi'ﬁﬁ%‘rﬁ PRI PR e SCBTER 1 Bl T [R(VVHR 7 - 20045 75 22177 Madison
%l—:ﬁ[j%bl[?k Vi .«Lrl tHE gw T Iy \,jpuﬁ’j o */EEW”F”"A?&CBTG% e S|
SR e ﬁlw’*ﬁﬁ‘sﬁlﬁ‘j&ﬁ?ﬂ Sl gﬁfg_?i R sy R ) 2. F{?&«éﬁ% 55 I Y
S irposter o EF[1— B ,gEH l{fjfﬁfg %|developmental dynamics > [ [5] Eﬂj:ﬁ%dataﬂ
S (Bt - )ﬁ.&ﬁw 7E TR R rf“ 1 =8 ZleditorF Frevise - eri‘c‘%aimlF B oI5 )

ﬁ%f)r ~F|4{fworkshop - ﬁr]Bl’[EfﬂiﬂﬁgﬁiﬁéfP'Jﬁﬁ ~ éﬁ*’ipﬁj‘ﬁﬁzebraﬁsh genome resource » =
K T R =l {5ZIRC, ZHA UCLE EHihusbandry workshop » SPE(— B2 R4 gl Eﬁ
R - i -pukeynote lecturef! Dr. Stefano Piccolo= FETGF  signaling in development
and cancer » 7 iz 3 J[iwelcome reception o [f [Jﬁbﬁﬁjf%‘\ » BEE LR RO MR %

R ﬁ;??ﬁ%ﬁ& F - '/FFY 1N :\Eifmm g sessions (I-1V) » STH[[E% 1 - Early



https://nscnt12.nsc.gov.tw/RS09/Modules/Personal/Personal_Researcher_index.aspx

1N

(%]

development, gastrulation and segmentatio - Il - Signaling - I11 - Gene regulation]" | » 1V -
Organogenesis = 7= ~ & E‘TD“HBJQB““Q"‘J: isessions (V-VIFIVII-X) » HARE™ T 14:30%]
16:00£% poster presentation - 57 #ikeynote lectureit 7= ~-fsi Ffli Dr.Nadia Rosenthal = 7
Enhancing mammalian regeneration - Session V: Emerging technologies > Session VI: Genomic
workshop > Session VII: Cancer > Session VIII: Disease models - SessionlX: Cardiovascular system >
Session X: Hematopoiesis and immunesystem - f& &~ = ji! F% 7 {fiisession(Session XI-
Neurobiology I: patterning and behavior > Session XII-Neurobiology Il: sensory organs and
regeneration) - FA D EEES o [FIES fﬂiplenary session » Fl [+ = 40T %ﬁl%ﬁgjgu[nﬁﬁ ;
= fiuposter presentationfHf gV gt > Pposter— i 'iffiﬁ PR ?BF' ') ’x@%@ﬁ’ B
coffee breakfi -4~ & EJ[J@%FL*— S Eposter > yi ISR - FTRL T %FF INEX==E

YU iposter (P78, P79) 73 [l 7 7= ~F157= “-present » 22#Iiy * :Jlaﬁfj’ %o FGER = F Y
- ﬂ‘“ﬁ“‘]‘ ﬁ—ﬁﬁ ﬁﬂ?ﬁSBMOij—%«j‘El@/?“'JEi » phenotypefiv 55 17> i”‘ Ehnon-specific phenotypeE{fJF;,’di{g%* ’
F R R R - T Ry S o 8 postor - SR i
[ 1P M omorphant s & | X [T fphenotype » [N PS4 25 Mo ke PRESGE o [l =5+ 2
BRI~ poposterfl 1327 EL2E ERVEIE - Jimuscle fiber'lfJE-fﬁ"@'?E[ﬁik » swim bladderpi £/ [le I
WA E | AR qrqflﬁk, PR 5 R {flmﬂ | fj= ) () j}é'ﬁ,‘[‘f&ﬁ@%ﬁg‘j ST
=5 E T R R Lﬁ“]’&%“]‘ Dt fpmuE EERED o PISHAIE e JF'?:?C B

PR g e ﬁ&aﬁ?ﬁ[ﬁ T H RS ?iﬁ“ﬁ*ﬁliéﬁﬂjf. q.—i[ES«'UmverSIty of Oregon ZIRC
et S EY o L F““J?EF@ E*L[‘E?JI%

R RO

NS Mﬁj‘*w o K F RS F I[@jﬂ\gr[?”&% ’IIZL EE]%K-‘]‘ EIJEF 5@?’4 SHEL [EEEL ELWF%EPL N
i S e 8P '«gﬂg,w B S L
B2 LI s R BRI SR, 2
AR BT ER SIS e I*If’”i’fE f Jf’?ﬁ“‘i@”}{j’?ﬂ VETVEEE o 19t 0 B
%ﬁl[ﬂ?ﬂbﬁﬁl@ﬁ?ﬂwwﬁtﬁraﬁulj&@wﬂ’ fgl[ﬂ’gﬂbﬁ SPIEI G B U L R |
By 0 53 G LR KAL) S - ] R
ﬁ“%ﬁ ”ﬁ P o5 PSR PSS E R I S S R [

I RPRER(RAOTEE )
% X
YRR

e

LR RE LR
6" European Zebrafish Genetics and Development Meeting Program & Abstracts

~H W

7~



FUNCTIONAL STUDIES OF MUSCLEBLIND PROTEINS IN EARLY
ZEBRAFISH DEVELOPMENT

Kuang-Ming Hsiao®, Li-Chun Tu?, Chieh-Wen Lin* and Huichin Pan’
!Department of Life Science, National Chung Cheng University, Chia-Yi, ®Institute of
Medicine, *Department of Biomedical Sciences, Chung Shan Medical University,
Taichung, Taiwan

Muscleblind (MBNL) is a family of proteins that participate in the regulation of
tissue-specific alternative splicing. They bind to RNA through a conserved CCCH
zinc finger domain. Three paralogs (Mbnll, 2, and 3) have been identified in
mammalian, each promotes inclusion or exclusion of specific exons on different genes.
Misregulation of MBNL activity in human leads to RNA-mediated pathogenesis. To
investigate the functions of Mbnl proteins in early vertebrate development, we cloned
the muscleblind genes in zebrafish (zmbnl1, 2 and 3). Alternative splicing of the three
zmbnl primary transcripts gives rise to at least 13 protein isoforms. These genes are
broadly expressed in most adult tissues. During embryogenesis, zmbnl1l and zmbni2
are both maternally and zygotically expressed. In contrast, zmbnl3 transcripts are not
detected until late pharyngula stage. Whole-mount in situ hybridization reveals that
zmbnl1 is expressed in lens, liver, otic vesicle, and muscle, while zmbnl2 is expressed
in lens, olfactory epithelium, branchial arches, midbrain hindbrain boundary and
swim bladder. Expression of zmbnl 3 is more ubiquitous rather than specific.
Knockdown of zmbnl1 and zmbnl2 results in malformation of the brain, eyes, otoliths,
pharyngeal arches, heart and swim bladder. In addition, these morphants are defective
in hatching and swimming behavior. In consistent with the phenotypes, the splicing
patterns of several pre-mRNAs that are misregulated in cells with CUG RNA
expansion, are altered in the morphant embryos. Knockdown of zmbnl3 does not
result in overt phenotype. On the contrary, microinjection of zmbnl3 cRNA into the
embryos resulted in defective embryos with crooked body axes and short somites.
When introduced into C2C12 cells, zmbnl3 is able to inhibit cell differentiation, as
evidenced by lack of cell fusion, change of splicing pattern and reduction of MHC
expression. Dual-luciferase assay further reveals that zmbnl3 down-regulates myoD
promoter activity in fish embryos. These data indicate that zmbnll and zmbnl2 are
crucial for early fish development and that zmbnl3 may interfere with muscle
differentiation through the MyoD-dependent pathway.



Dear Huichin Pan,

I am writing on behalf of the Zebrafish 2009 Organizing Committee to inform you that
your abstract

FUNCTIONAL STUDIES OF MUSCLEBLIND PROTEINS IN EARLY ZEBRAFISH
DEVELOPMENT

has been accepted as poster .
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Functional analysis of zebrafish muscleblind-like 3
Huichin Pan®, Chieh-Wen Lin and Kuang-Ming Hsiao?
! Department of Biomedical Sciences, Chung Shan Medical University, Taichung,
Department of Life Science, National Chung Cheng University, Chia-Yi, Taiwan

Muscleblind-like (MBNL) is a family of proteins that participate in regulation of
tissue-specific alternative splicing. Misregulation of MBNL activity in humans leads
to RNA-mediated pathogenesis. We have cloned and characterized the structure and
expression of three mbnl paralogues in zebrafish to study their function during
embryogenesis. This study focused on mbnl3. Unlike mbnl1 and mbnl2, which were
both maternally expressed, mbnl3 transcripts were barely detected until late
pharyngula stage (48 hpf). However, mbnl3 transcripts were abundant in most adult
tissues. Using whole-mount in situ hybridization, expression of mbnl3 was observed
in 48 -120 hpf larvae, with stronger signals in the head region. Knockdown of mbni3
did not result in overt morphological abnormalities except in pharyngeal arches,
where Alcian blue staining revealed that cartilage development was affected. RT-PCR
analysis indicated that the splicing patterns of clc-1 and expression levels of myoD
and myogenin were not changed. On the other hand, microinjection of mbnl3 cRNA
into the embryos resulted in defective phenotypes. At 48 hpf, a significant portion of
the injected embryos displayed shortened and curved body axis, and severely
disorganized somites. When introduced into C2C12 cells, zebrafish mbnl3 repressed
endogenous MyoD expression in growth medium and was able to inhibit cell fusion in
differentiation medium, accompanying with change of mef2a splicing pattern and
reduction of myogenin and MHC protein expression. Dual-luciferase reporter assay
further revealed that mbnl3 down-regulated myoD promoter activity in the fish
embryos. These data suggest that zebrafish mbnl3 may interfere with muscle
differentiation through the MyoD-dependent pathway.
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Functional studies of mbnl1 in early zebrafish development

Li-Chun Tu*®, Kuang-Ming Hsiao®, Huichin Pan®

®Department of Life Science and Institute of Molecular Biology, National Chung
Cheng University, Chia-Yi 621, Taiwan

bDepartment of Biomedical Sciences, Chung Shan Medical University, Taichung 402,

Taiwan

ABSTRACT

Muscleblind (Mbnl) is a family of proteins that participate in regulation of
tissue-specific alternative splicing. They bind to RNA through a conserved Cys3His
zinc finger domain. Misregulation of Mbnl activities in human leads to pathogenesis.
Previously we have identified three paralogous mbnls in zebrafish (mbnl1, 2, and 3)
and characterized their genomic structures and splicing isoforms. This study focuses
on functional analysis of zebrafish mbnl/1. During fish embryogenesis, expression of
mbnl1 was found predominantly in ventral mesoderm, presumptive blood, heart, otic
vesicle and pharynx. Antisense morpholino knockdown of mbnl results in morphants
with defects in eyes, blood circulation, heart looping, arch cartilages, muscle and
swim bladder formation. The mbn/1 morphants also displayed circular swimming and
fused otoliths. These defects could be partially rescued by co-injection of mbnl1
cRNA. Further analysis of the morphants by in situ hybridization or
immunohistochemical staining revealed that normal heart jogging and muscle fiber
organization were affected at early stages, suggesting that zmbnl1 function is
required for proper development of these tissues. In consistent with the observed
phenotypes, we found that the splicing patterns of tnnt2, clcn1, vincullin, mef2ca and
mbnl1 pre-mRNAs were altered in the morphants. These data suggest that zebrafish
mbnl1 protein is crucial for early fish development possibly through the regulation of

specific gene splicing.
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