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Expression of Dynamin |l in odontoblast during mouse

tooth development
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Figure 1. Dynamin || mRNA expression in MDPC-23 cells during differentiation

- 20
Figure 2. Dynamin || protein expression in MDPC-23 cells during
differentiation e o o 6 6 6 o o o 6 o s o 6 s 6 o s o 6 o s s s s 6 s s o s o e s s s 6 s e e e e e s s e . 21
Figure 3. Immunohistochemistry for Dynamin || at early bell stage -
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Figure 4. Immunohistochemistry for Dynamin || at advanced bell stage -
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Figure 5. Immunohistochemistry for Dynamin Il at crown and functional stage
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Figure 6. Measurement of length and Dynamin || protein intensity in
odontoblast during tooth development === DA

Figure 7. The diagram for altering length of odontoblast and expression

intensity and localization of Dynamin |l in odontoblast during tooth

development ................................................ 25



ABSTRACT

Expression of Dynamin Il in odontoblast during mouse

tooth development

Oh Jong Hwa D.D.S., M.S.D.
Advisor : Prof. Kim Jin-Soo D.D.S., M.S.D., PhD.
Department of Dental Science,

Graduate School of Chosun University

The Dynamin || was known as a GTPase protein and it has been contributed a
variety of vesicular budding events such as endocytotic membrane fission,
caveolae internalization and protein trafficking in the Golgi apparatus. The
tooth development proceeds sequentially bud, cap and bell stage.
Odontobalsts exhibit a tall columnar shape and establish a continuous single
layer with a clear epithelioid appearance. They orchestrate a series of
complex mechanism that result in mineralization of dentin. Odontobalst cells
secrete a collagen-based matrix and release numerous membrane—bound matrix
vesicle. The vesicles surrounding organic matrix initiate the mineral
deposition in dentin. The expression and function of Dynamin [l in
odontoblast differentiation has not vyet been reported. Therefore, we
investigate the expression and possible role of the Dynamin |l in
odontoblast during developing tooth and mineralization.

The Dynamin |l mRNA and protein expressed during differentiation in
MDPC-23 cells. The expression level of mRNA and protein were significantly
high at early stage of differentiation and then gradually decreased after
that. Also, the result of immunohistochemisty showed that Dynamin |l not

localized embryonic day 17 (E17) and 21 (E21) under early bell stage.



However, Dynamin || was expressed strongly in the odontoblast layer at
postnatal day 1 (PN1) and gradually decreased at postnatal day 3 (PN3) and 5
(PN5). Also, Dynamin || protein was expressed also in odontoblastic process
as well as in adjacent the nuclear region at postnatal day 15 (PN15) on the
functional stage. The length of odontoblast was increased gradually from PN1
to PN15 and decreased at postnatal day 21 (PN21).

In conclusion, Dynamin |l may relate with transport the vesicle containing
col lageneous and non-collageneous protein for formation of dentin in

odontoblast.

Key Words: Dynamin ||, Tooth development, Odontoblast Differentiation,
MOPC-23 cel |



Xlotel &2 A &AL, 2XAIDL, SAII A EAHZ LH LD 0120l =AM

2 MHECH OIS0AM AotEEdE SAIl ZII0 @450 Al&Gt=0, &0t
2 XI0te URE=E2 4ol 2222 X HHZZN fXIst A0t2ME= Of
> SY& 529 MNMEZZE2H S0 XIAH = CHNanci, 2008). AMOZ2AMEZE=E xR
S NEZRH =stotld WEEAD oI™et XF0 RIIDJIES =2HIstt. 0l &=
JIJIEE2 0.1-0.2 um 8&x 2 AFEE2 Iikle WIEERIE ZEHUCH. A0t
PHEI=E MOZMESIION 2EEHA X0t SARE &ol SH01J] AIASHCH
Cot A0IRME= D20 Wdd L HuUIAEHMAE S ZHICHH A3SFE A
2ICHLisi et al., 2003). &0tE0l= A3 A ZHUH 20St= Dentin

sialophosphoprotein(DSPP), Dentin sialoprotein(DSP), Dentin phosphoprotein

DPP), Dentin matrix protein 1, 2, 3(DMP1, DMP2, DMP3)2} &22 CHBHAS(Q| i

STl UCHButler, 1998). L MOIZAMIEIL 2 =S,

o WRHIE D& (col lagen-based matrix)l S %S UAEgH HIEHAL
z i

=
membrane-bound matrix vesicle)2 =Hl|otD, 0] AZAEE0 =

—

—

[o]]

HA AOLAS M35 &=E XHAIZ }(Arana Chavez & Massa 2004). Ol
SHE MOHE 2 QUA0E Oletl 2210, B8 SHe < 5-30 um EX0IC
(Linde & Goldberg 1993).
Ot 2l AXAOLE 2 =1

Dynamin® GTPaes SHSHAQ|L]  endocytic membrane fission, caveolae
internalization Jclld SXIMOA SHHME &0 2Hote A2 AN UL

(Obar et al., 1991). K8t Dynamin2 =2 MIE HIZZOZEH HZOZ SEES
2 (

—/

ol Aoz 2 ZFCH Jeong et

+=5ols HEO AIZEWO endocytosis) Ol 204
al., 2001; Sever, 2003) KNSNK 25 Al =72 Dynamin SHEHEIQ| AL Y=
O 2 = Dynamin 12 ABAMEL MBNMNE=EZ2 SHI|ots MEWNMN =2 L3S0t

D(0bar et al., 1990), Dynamin Il= HWE22 MZUHAN ZHAZMH(Cook et al.

1994; Sontag et al., 1994), Dynamin Il AAWHAN =2 L&dls AO=Z2 93
T CH(Nakata et al., 1993). ZZ20l= MZS 0SS0 20ol=s MSHNLEREINE X
AMotlle Z20E 2EE= S Oynamin 119 MIE W JIs® OLH0 2050 U
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Ct(Jeong et al., 2005; Jeong et al., 2006).

MOI2MIEIL Zstcte S 2 IIHY Zox XIotd MIEADIZ, g
HAUAY Del DIE2E2|0tS0l 20N LD SHMANHA SHIHHESH L0l &
OtAH 2O HCH(Couve, 1986). MetAM OI0I 210E Dynamin |12 Ctst Jis
AOIZ2AME LHOIM S48 A0 Sd2ted A Aol A LY 0SS MXE

o
e B0l 20 Hez HAE XL, X

00l
0

=
OAl Dynamin 12 €& & JIsEAIF 20 b SIACH. OM 2 AF0A
dF 2 X0 M NE A L HOtRAEFC] EtUEUA Dynamin 12 &

e & IS0l CHoll ZOot=2 b ofRUCH.

rr
0

o



1. A8 HE ¥

1. MOPC-23 MIEZS HHY & ESRT

XSS MIE(dental papilla cell) S22 MOPC-23 HIEZFZE 2 x 10° &2 60 mm
HHF EAIN ES6tD 5% C0, s SXots BILIIUHA HHLSIACH. HHYHS
Dulbecco's Modified Eagle's medium(DMEM; Gibco BRL, USA) Ol 10 % Fetal Bovin
Serum(FBS, Gibco BRL)DF 1X antibiotic-antimycotic solution(Gibco BRL), 1X

= = (=)

non-essential amino acid solution(Gibco BRL)S &Jlot0d AI2oIUCH. 23 &
CE oAl FBS s£2 5 %2 =0/ B-glycerol phosphate(SIGMA, USA) 10 mM

Ct. 238t AlE= AMIZEJE 60 mm BHE HAI2l 90 %S AtXIst &EH0IA 2122F B

ot 0, 49, 7€, 142, 214 2tH2Z =HIot AL,

2. AHEAZSESALIS (Reverse Transcription and Polymerase chain reaction)

HT
tol

F=l MDPC23 MIZEE2 Tri reagent(MRC Inc, USA)E 0OlE3dl0 22 = RNAS
FHCH. cONA &S SAoHAl AccuPower RT Premix(Bioneer, KOR)E ALEZ3H0

reverse-transcription)8tES ot 1], Ex Tag polymerase(TaKaRa, KOR)E Ol

Mo M

i
1A
Ol

RT

—

0F0
ol

FO4 PCR(polymerase chain reaction)S #=&ol4Ct. Dynamin || S0I& Zel0|
H F-5" -GCC GAG TCA CTG TCC TGG TA-3" , R-5" —-GGT CTG CCG AGG AGT ATA
GGT-3 °F hX 23202l GAPOH(Glyceraldehyde 3-phosphate dehydrogenase) 0|
N I2t0olHQl F-5" -CCA TGG AGA AGG CTG GG-3" , R-5" -CAA AGT TGT CAT GGA
TGA CC-3° 2 MG PCR EtS=2 otA2M, BtSZAHE Dynamin [19F 30
cycles, 94C 5&, 94C 40=x, 55C 40=x, 72TC 35=x, 72T 52, GAPDH= 30
cycles, 94C 5&, 94C 30=x, 56C 30=x, 72C 30=x, 72T HEzlz 22 &Gt
AqCt. PCR BlS & MAE2 0.5X TBE buffer (Tris-Borate-EDTAbuffer )0l
ethidium bromide(EtBr)0l &HItE 1.5 % =52 OPI=AZN MIIGs & =
Gel-Doc(BIORAD, USA)GIA =QIGHRUCE. PCR BtS = LIEFL Dynamin || BHE 37|

= 475 bpOl1) GAPDH= 199 bpZ EHQIGAUCH. 2+ BHEQol UG =FH L HI2

o
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Science lab Image Gauge(FUJI FILM, JAP) Z23 S 0|=Z20olLCt.

3. HoAsH™ CtoHAl 2= (Western blotting)
MIEZ WO U= Dynamin || SHEHAED (WX 2SOl B-actin SHHHE YUEHS
=46 fIot SIS CHA A= HYUEHZE AISOIC. HM 23 A2

MDPC-23 MIZOIAl 150 mM NaCl, 1 % NP-40, 50 mM Tris-Cl(pH 7.4),
2 mM NagP0;, 50 mM NaF, 2 mM EDTA(pH 7.4) el SHHEIRNS

)
leupeptint aprotinine & JISH NP-40 lysis buffer= 0I5t MIEZZ& CHoHA

FEOIULH. =&sH HAE2 30 pgh! 22 22 %5 HE o
11 SDS 10 %—polyacrylamideZl 0l &MJI1G = ot HBE = Z2loil WCH. =22l &

H 5, MZ& blocking solution®l 1Xt & XHIC! anti-mouse Dynamin |l (Upstate,
USA)E 1:2,500 =& 12l anti-mouse- B-actin(SIGMA)S 1:2,500 HIEZ 2
2t 210 4T OlM 16AIZ2E Sot BESAIRL. 8z A =
HRP(horseradish-peroxidase)Jt HZE  goat-anti-mouse 2Xt & Xl(Santa Cruz
Biotechnology, USA)E 1:10,000 Hl€& X2lot) ECL(Amershamphamacia, UK)SH

£ 0/18ot &

-

>
=

SkAH - Al2] = chemiluminescence film(Amershamphamacia)ES 0|26+
SMOIHLH, S& HEO0 LIEF Dynamin |1 BHES] AJ|= 110 kDaOl2 B -actin
2

fob

<
2 kDa2 2 2t

FOIGIQUCH., &A & LIEfL CHHA BHEol 2 =X o F
=2 Science lab Image Gauge (FUJI FILM) T2 S 0| Z20lQULCH.

[

J

el

M XIobZA XX A 102 WMol 224 |CR A4 (Damool Science, KOR)
| HHOFIl 152 (Embryo 15 day, E15), 172(E17)Ql MF EjotYt MF 1L
(Postnatal 1 day, PN1), 42 (PN4), 102 (PN10), 152 (PN15) el 21 (PN21)0l
0|2 MFE O0l=ot MEGHACH. HA HHOHD| 15, 17 12l 2120 0lE
MFEHOLE B &SI F Al 234 MF O FAPAHERI (Ketamin 0.2 ml/100g,

Yuhan, KOR)Z} 2 Z(Rompun 0.08 ml/100g, Bayerkorea, KOR)S E&st 2dHs 2
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& FAMOIO OHFAIZCH. HES U0t 152, 172 MFEHOIt =4 = 12, 4L
ZANDBN(4 % paraformaldehyde, 1ml/L DEPC in
1X PBS, pH 7.4)0 SCt. &4 = 102, 15 el 21LE MF= OtF =
Hee=e Mg H2Hst & A A0 DEPC-PBS(1mI/L DEPC
2] ZICt. DEPC-PBSE E MOl 2H3

S SENJMS FYol 2FDEH ofQULt. DEHAM

kMG =BAIZ! = SIYUFE ZEE Ad=2 HE0HH A ME2 2 1

=0 4T, 16AI2F St DHGIRULCH. USY 1X PBSEUSE 2A12F AT
S| (10% EDTA, 1 % paraformaldehyde in 1X PBS, pH 7.4)0lA 42t €3] o}
Ct. &3l = 70 %, 80 %, 90 %, 100 % I, 100 % |1, 100 % IIl, 100 % IV O E
XMelE ot E=otD, Aoz SHet NS HIYSH, MetES FFA
IO OHACH. Hbetd HOiEl =AZ  Motorized Rotary MicrotomeMT990(RMC
products, USA)S OIZ3dtH 5 of @HEoz 0OtE F 3—(Trimethoxysilyl)
propy| methacrylate(SIGMA)E ZEE K2l =2H0/=0 2l 37C AIEI| 20

G
AN ot s AX otRALEH.
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Ol
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==ge]|
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m 2 w2
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5. HYX

P

Joh

0

A (Immunohistochemistry)

A
tol

s[R=] S Xt |, Xegel 1, Xrd ol =AM
O € WetE= ot 100 %, 90 %, 80 %, 70 % GIEH=0 22 5
t=Xel otCH. 1X PBSZ2 XZATZES L4 M B M= = 10084 3/Ast
Tris-HCI(pH 7.5)& 20l 1:1,0002] HIEZ Proteinase K(Invitrogen, USA)E &It
CtE 37COHIAM 2022 =& H=2 20 Xl ofACH. 1 = PBSZ2 ZAH
AN MIESE & 1K blocking@ 2 WAtgt=A4=IF ZEE 2FH(0.6 % HO0.
in Methano!l )2 20228 &R20AM =& H&2 0 X2l otAUCH. CHAl PBSZ Z=&
=22 58 M Y M= &t normal goat serum(Vector Lab, USA) 15 pulE 1X
PBS 1 mlOl slAst E2HE 2022420 M HMelot= 2Xt blockingE =8 otALEH.
Normal goat serums|&MS 2tEts| MOAGtD ME2 normal goat serums| &
Off Dynamin |1 & (Upstate)S 1:1002 HIEZ 3SIA5I01 4COHA 16AI12F SOt X
el GICH. o8 ¢, 1X PBSZ 1082 & ¥ HMA" = 2x gxel

goat—-anti-mouse IgG(Vector Lab)E 1:200 HIE2 =2 SN sl4otH =& =H

FA

Xl 1T
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1. &g 21

1. MOPC-23 MIE &3t BHAEOIA Dynamin |1 mRNA & CtuH

A
nt
e

MDPC-23MIE HHLME =SHHKIZ WAt 4, 72, & 212 SOt 228 23
£ &Y A2l = RT-PCRES Sof Dynamin |1 mRNA2l & HEE LOtE UL
Oynamin Il mRNA= =3tE FEOHA Z2 MOPC-23MIZUHA Z&oIR LD 23 RE
JI2h St HEANOZ 2Adte JEFS LIERCH(Fig. 1a). &MIIES & WEQ
UTE =ZH& ZW Dynamin || mANA 2 E =23 S& 42M= = OHHl 16
%, 7LMO0l= 43 %, 14LMWoll= 64 % el IMol= 82 % 248t 2192 LiEt
StCHFig. 1b). HASIMOBAAZHE 0| E0H Dynamin || SHEHE ZHEsS 20t=2

Dt mRNA 2SIt HI=xsh 2aS LIEHHID(Fig. 2a) =28 2% 4L Mol CHEZ O

o

H 7 %, 72W0l=s 41 %, 142LTol= 51 % 2D 212 Wols 91 % 248 2102
LIEFSGECH(Fig. 2b). S0l mRNAQF SHEHE 2AM 23R E 42MoMeE UIxZ
o &S0 HIoH KAAE UAH 2ZAoHALCHFIg. 1b, 2b).

2. MF oM NE = AOZ2MHMIEN A Dynamin |1 SHEHE 8HS

1) SAIDl =DI(Early bell stage)

BHOEDI 17 (E17)0l= D120 BHODl 152 M (E15)(data not shown)=2Ch
O AZYD ARSF W S ESLHEAES0l WXOtAIIZLZ SEEN AU

(Fig 3a). HHOFD| 212 M (E21)0l= EHEHRatet XA 23 CHAHICL =D SAIDI0F &
ZEAD, WXIOHAT JINE RUA HAOZ2AHNE =2 &olg = UAUCH. SHXl
Ot 0 & AIJ|l AOI2AMHE =0 M= Dynamin || SH8HE &S| & X L UCH
(Fig. 3a, b).
2) EAII|I &JI(Advanced bell stage)

ZAID| 20|01 EM = 1R (PNT) XIOF ZMEXNUAME AOIEOl 2E YD
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T2 ARFAEs A4S2H0 &R 2 oef dsH
ol0d HEDAHZER AOIZHMEZR 22t 2356tH = CHRuch et
al., 1995). XRSF HNE= HH ZIAIDI0 &AOI2AMIE (preodontoblast)2 &
3tk (Ruch, 1984; Ruch, 1985) Ol&&(leading-edge) MIEZESIIE OlEdH WY
SATICl IS OrcHZE MIAGI ZEotHA H=8 MOIZRAEZZ Z3t6tAH ECh
(Osman & Ruch, 1981). =J| B ADI0l= AOI2ME 23t It &4otD =D
A0 HOIR2AZE= AMODIES 4ot AESHCHBut ler, 1995). Dynamin ||
= It MEZES F=EIEXE(ruffled border)lA ZoHE B &2 MELIOIY
(Mulari et al., 2003) 2t Zot+=MIEX=HME W SXMAAN S22 2Hl4
o 483 X&ole Aoz BEINLRUCHYang et al., 2001). LSt Dynamin |I1=

NE LHOIA 2SS0 SAZ0 20otH, ME=22 HAHHE 220 = A

L@
Ol

O?L
ol

OS2 AT CHHenley et al, 1999). = AU AM MIPC-23MIZUHAME 23E R
OtAl 22 &EHOIA Dynamin || CHHAQ| 2otH Z&ot¥=0l, O0l= 0/0] 210&
Dynamin 112 JIS2Z 0IR0 20t &0t22MIZ (odontoblast like cell)2l SHEH

I AZENEN 5 02l HNE2A H+724

J
AOFZ2 ML =01 MDPC-23 MIE2F MO6-G30IAM =3 & Al OPP, DSP 12l St
< = o2 2HTCHHanks et

2N CHHAQ| 2E5tD ZFE =6
al., 1998; George et al 1995). AOIZ2AHE= AOIE YO ZRE CHHASZS
2P = ZHIoD| /ol SAN=SEMZRH SHIAE =SS UHSHW=0 OlHst IHE
E2 IlUl4&l(kinesin)lt 22 SSCHHE U ATPE HUHXRA2Z AISSHH &0t2
NZ )12 0lsst & g2o=2 Zdl=Et(Garant, 2003). E£8F ZHIAXZES0| A0t
SHMEZE) HHUE O fAXE 2oz S5 B CH(Nishikawa & Kitamura, 1987).
MOPC-23 MIZ 0l Z22E F&& Z 1 =BH0ll= Oynamin |1 &0l Z6tCHIE Al2HO]
Ng=2 =2HEE= 2= EJULH. 0lX2 HOtEAES =ZHD10 Z3tet 2
CHOHZIO| &40 EOIXIHAN 0lE2 AZO EElg MZEZ 2HI5H=0l Dynamin
1D 2604 22010 20l 280l =2 A2 ML) 230 MHZHA &-
Cl= SEHEOl k)| AN M2t AXES 0SS0l EHESXHA Dynamin |12 &3



S
w_jm_@wﬂ
n_:aoia:.m_m_taﬁf
Zl = m ol PﬂMEﬁE "
- Emo___o_..ﬂru.ﬂ_.c.. M|M |EA._
Mzﬂﬁw_e%mm mmz%&.&%
HHMH 3l R él+0+|_£
Lm@%%g%wf _oﬁammﬁgumﬂﬁgﬁm
E|wﬂue|4+9 E! S IoD mo_mjo, |
m.ﬁ M IF = I 0l H 4 kw0 O ) g e 0k o RIS L
0o E = mo_r:am Jmcmmga ).___ao_x&é wa_i_i1g
m.mowmma__ou___ JEOTSA::%Hmmoam@toMAE
AosM:_Egarﬁnr Hoom”nnmmﬁfmmxﬁa%m:ATr i
lew_u_n_ OHE.|__|O m.Aoll%Llﬂ__O = aIMHo_IIJH__I4|E
mm_iﬁixfw& |oa1DAﬂa %EwdeAlmE,H
%m++ﬁmm5ﬁ o_zgcxgﬂwjoﬂugm_gn sl &
rSA__o_D._m_PW IH_,t_fwim.E %N| HE.ﬂLl..:m._
_x:_O_H_|L| 1%5) 0 ) o ) nll R =
++u_xo%o n q_z_DEw_rmoEHm z 3w z__mﬁ =
E_EO%MOA o X0 ﬁucoé%r,;::iu4§ yw__oTE
a0 ~ ® ® o = S W3 R0 wm e =
=0 %) . I R0 160 ~J fan) — O - — > oJ IH o] f0 z _x_o = .ﬁru
N @ 5 > MH ol N = _A_.o__._ IH ok = n0 ) I o = 3 o K A = Z0 X0
= il0J ooy M o1 H = o3 = O — 05 ol 2 il
L0 Bl o1 Ml W= 3 s Elo_ulézkz H =
m_@.._O._E._ = - < LU _.é._._uoo_“._._.A._TA J ._O||_.A
= X x_.Ao).n ] mru_u_ﬂrImo _xaurx___mw mﬂj u._uA|8|r
&m___)._;._o_%n.mﬁ 32Mma+.m_hmu.§§oai). END
_ %%amw,owwmw H%E.:mawr,rmmé@xum%__:__mvm_oe
mmm.__lw_m_l_mu mm,k E.._LluTM DooM_J o_:_.m_x_lmm,obuconﬂm
._.._”_._E._om :_.Eey..n_lu.DNIu le_Jjﬁ,.ll_uAIOu._o._.__Jlr.rOA._m.U.mo
Ar - o= %nsv.m HAOWmm@%HJAJUEémo%oT
moo_eﬂmﬂww = E%mo__gtm___rz AE%o_IwEm__u_aH
Ewﬁaﬁmzei&mmr moxﬁ%mge_S_AOOHO_Aswmgrmﬂw_
ouoﬂﬂﬂﬁwszg).ﬂm_ H_OE%QOMJ%SMOWOEHLﬂgr
mAJddeo_.rm.,m%Aojﬂ EEWATOT%%QUE _::Imome&
wﬂﬂmev%aso ¢I+m___ﬂé u|mm .;:ﬂ% -]
:9onMeﬂtmz%muogmm_EE Imammﬁﬂmaéx%
CM_EOT ﬂm_dOer,g___g_AmEH Rmaxﬁﬂ_ﬁa”ﬂm%w@ mo?l
Hll.l = - = — =35 H oz © S & o # - ©O
ggm_wcpmﬁmmﬁacgmnam;.ﬁﬁazaxg#amgzg
mHWﬂWmMaaaigogg Mmmﬂwa __ml.:}u,%w
A SR e%ru Moo T = %|aT R W
s n_ol( @® SAl:Eaau EO.I ol m__u_._ll___o;L.
ol E;E._l_l_,l@ow0|m.*nﬂ L|_.A=._|o_\_ _u_._F%AlSﬂM - |_|I.A._ 33 S
X WO S e UEHOmAﬂ_.__A.a U_.__.._We,,A||r|r.ﬂ
_._.:_u_._Dnm_______SnkU_Jl_ WE_.|1AE._|(\ L|Z._._._H_._mﬂ__o_L
(x%é%ﬂﬂ&tomm_u__.trmgw&wmompadﬂd
( Ao - = F 3 K 3 = < 3 0 K
Lﬂﬁwidmﬂ_ﬁiéimon:#é%
HU.&DWHO%M?E&W%
Afb_m_____gol_amﬂw;mm
é%mmwmmam
uA_J...A.o_._TuA._am._
RN o

- 10 -



WS e 2 o W m oo =1
S . AR 0 53 X U ol
M S 0 o X s _ U
®)) =0 WA = m z Pl
W2 20 5 o B B ]
MT . K = ol ol 0J
2w Es8a8 g
= — o - K - ] -
— = S Uog = 5
S @ Al - 70
~Noo= 20 M =, oF M0 0
Sy I o3 <0
) '3 0R & ) 10 K
SEHW 4RSS S
TS Eg2dms 9
oo oo o m A B ol
KO I3 mﬂ m o_:_ ok w_v._ x <0 ;_o
g ol ™ &gy o~
w > - o W HoX 5
S M & W NN F XS =
Mool ol g KO . o -

o w0 = X c
IR -
e TR I

°B =& T T o
pa - T
o B il Jo Uk = =7 3 _H_ = W
) w ~ m & W~
AU s o8 ¥ -, = 0l =

=) D|_ %0 X o e OB
N ps X TETEs N0
X gr ™~ B3R 30 o
= A o3 33 HOK n 5 3
RIS R - W= o, ~ 2 &
o _ N5 o & oM
- M T R = 53 . RO R’T
) - <0 o 2 o =
® o o>m M mog & W

~ ~ = X0 w® 8 T Al
3 83 & ™ mM ol K m i I

Dynamin ||

11



) _
2= A MIZLH Ol caveolae internalization el

—/

=]

I

cC
=

GTPase

—

[a—

Dynamin |1

oo = %0 S =T = leH
+_Ju_mA|omA% oS X oW oW S
R0 = o) O m = _ R 8 @ = o-
—_— O = ..M o] e < _HI =
A X HSWS I R -
oowl = KR or m © X 5 X
20 = _ 0 @ UE =L
e o X © = 2 & 1o o5
oll . @_:_ S S = U R A0 ok S 5 E
RS st ® anmmﬁaf_xg_:_l__m
i al 3 = o E
5D o= =3 ¥ A LT Mu a2
— q_.._ < _ —_ 0 Lug u. 5
0% _Jw_ W= <0 M g - n __uro_u o Hoa oo S
= o 8 K T — =z U o5 2o B
= = 505 4w ow o
ﬁiwo%mm So = M2 o B
Y S M < . P
dBgt o F rmeIduce
AP AT Ham EawosdXn
= oar o] & & = L] om O =
olaE____&wm = Mo_Dla_mﬂ_%
o WR OQmuRoDd g
i SO = NI L ° 0 m
o ol O B R
= d g g 8 o o m = ol _
=z oy Ol KX S H® BT
EE@EO%@ JMH_E%%_DE@
s X A g N O m oT Me - ol S
¥ e e - = = W =
LR R U R z= =M™ = ol s o)
0o A o 3 = & 2 =]
=z 81 3o ok W o= ok WW T E ook ° K .
o - w Jo o <0 Sy oz K O
ol = o] = m o _H__ﬂ_ N ME_ WO a3
I T B A B
ST B =G -
= dm=-ng X S D E g m o
x_,uAEo.maomEMEE____mﬁEwnxlﬁ Wy
AU u -5 S . o M oS 0] = = 8 - =
% Smos S WM DN AT S0
= 0 X > o= — = < ERER) = ol

- 12 -

Ol A



Arana—Chavez VE & Massa LF (2004) Odontoblasts: the cells forming and
maintaining dentine. Int J Biochem Cell Biol 36(8):1367-1373.

Butler WT (1995) Dentin matrix proteins and dentinogenesis. Connect Tissue
Res 33:56-65.

Butler WT (1998) Dentin matrix proteins. Eur J Oral Sci 106 Suppl 1:204-210.

Cook T, Urrutia R, McNiven MA (1994) lIdentification of dynamin 2, an isoform
ubiquitously expressed in rat tissues. Proc Natl Acad Sci USA 91: 644-648.

Couve E (1985) Morphometric analysis of the nucleolus during the life cycle
of human odontoblasts. Anat Rec 213(2):215-224.

Couve E (1986) Ultrastructural changes during the life cycle of human
odontoblasts. Arch Oral Biol 31(10):643-651.

Garant PA & Cho MI (1985) Ultrastructure of the odontoblast. In: The
chemistry and biology of mineralized tissues. Butler WT, editor. Birmingham,
AL: Ebsco Media, Inc., pp. 22-32.

Garant PR (2003) Oral cells and tissues. Quintessence Publishing group 4 pp.
George A, Silberstein R, Veis A (1995) In situ hybridization shows Omp1
(Ag1) to be a developmentally regulated dentin-specific protein produced by

mature odontoblasts. Connect Tissue Res 33:67-72.

Gorter de Vries | & Wisse E (1989) Ultrastructural localization of dentine

_13_



phosphoprotein in rat tooth germs by immunogold staining. Histochemistry
91(1):69-75.

Hanks CT, Fang D, Sun Z, Edwards CA, Butler WT (1998) Dentin-specific
proteins in MDPC-23 cell line. Eur J Oral Sci 106 Supp!| 1:260-266.

Henley JR, Cao H, McNicven MA (1999) Participation of dynamin in the
biogenesis of cytoplasmic vesicles. The FASEB Journal, 13, S243-S247.

Jeong MJ, Yoo J, Lee SS, Lee KI, Cho A, Kwon BM, Moon MJ, Park YM, Han MY
(2001) Increased GTP-binding to Dynamin [l does not stimulate
receptor-mediated endocytosis. Biochem Biophys Res Commun 283(1):136-142.

Jeong MJ, Yoo J, Cho HJ, Oh ES, Han MY (2005) Dynamin |l interacts with
syndecan—-4, a regulator of focal adhesion and stress—fiber formation.
Biochem Biophys Res Commun 328(2):424-431.

Jeong SJ, Kim SG, Yoo J, Han MY, Park JC, Kim HJ, Kang SS, Choi BD, Jeong MJ
(2006) Increased association of Dynamin || with Myosin |l in ras transformed
NIH3T3 cells. Acta Biochim Biophys Sin (Shanghai) 38(8):556-562.

Kessels MM, Dong J, Leibig W, Westermann P, Qualmann B (2006) Complexes of
syndapin || with dynamin || promote vesicle formation at the trans—Golgi

network. J Cell Sci 119(Pt 8):1504-1516.

Linde A (1992) Structure and calcification of dentin. In Bonucci E, editor:

Calcification in biological systems, Boca Raton, Fla, CRC press.

Lindke A & Goldberg M (1993) Dentinogenesis. Crit Rev Oral Biol Med
4:679-728.

_14_



Lisi S, Peterkova R, Peterka M, Vonesch JL, Ruch JV, Lesot H (2003) Tooth
morphogenesis and pattern of odontoblast differentiation. Connect Tissue
Res. 44 Supp!| 1:167-170.

Mesgouez C, Oboeuf M, Mauro N, Colon P, MacDougal| M, Machtou P, Sautier JM,
Berdal A (2006) Ultrastructural and immunocytochemical characterization of
immor talized odontoblast M06-G3. Int Endod J 39(6):453-463.

Mulari MT, Zhao H, Lakkakorpi PT, Vaananen HK (2003) Osteoclast ruffled
border has distinct subdomains for secretion and degraded matrix uptake.
Traffic 4(2):113-125.

Nakata T, Takemura R, Hirokawa N (1993) A novel member of the dynamin family
of GTP-binding proteins is expressed specifically in the testis. J Cell Sci
105( Pt 1): 1-5

Nanci A (2008) Ten Cate’ s Oral histology. Development, Structure, and
Function (7th edition) Elsevier Inc pp.220-221.

Nishikawa S & Kitamura H (1987) Microtubules, intermediate filaments, and

actin filaments in the odontoblast of rat incisor. Anat Rec 219(2):144-151.

Obar RA, Collins CA, Hammarback JA, Shpetner HS, Vallee RB (1990) Molecular
cloning of the microtuble—associated mechanochemical enzyme dynamin reveals

homology with a new family of GTP-binding proteins. Nature 347:256-261.

Obar RA, Shpetner HS, Vallee RB (1991) Dynamin: a microtubule-associated
GTP-binding protein. J Cell Sci Supp! 14:143-145.

Osman M & Ruch JV (1981) Behavior of odontoblasts and basal lamina of

trypsin or EDTA-isolated mouse dental papillae in short-term culture. J Dent

_15_



Res 60:1015-1027.

Papagerakis P, Berdal A, Mesbah M, Peuchmaur M, Malaval L, Nydegger J,
Simmer J, Macdougall M (2002) Investigation of osteocalcin, osteonectin, and

dentin sialophosphoprotein in developing human teeth. Bone 30(2):377-385.

Romagnoli P, Mancini G, Galeotti F, Francini E, Pierleoni P (1990) The crown
odontoblasts of rat molars from primary dentinogenesis to complete eruption.
J Dent Res 69(12):1857-1862.

Ruch JV (1984) Tooth morphogenesis and differentiation. In: Linde A (ed).
Dentin and dentinogenesis. Boca Raton, FL: CRC Press 47-49.

Ruch JV (1985) Odontoblast differentiation and formation of the odontoblast
layer. J Dent Res 64S:489-498.

Ruch JV, Lesot H, Begue—Kirn C (1995) Odontoblast differentiation. Int J Dev
Biol 39(1):51-68.

Sever S (2003) Dynamin and endocytosis. Curr Opin Cell Biol 14 (4):463-467.
Sontag JM, Fykse EM, Ushkaryov Y, Liu JP, Robinson PJ, Stdhof TC (1994)
Differential expression and regulation of multiple dynamins. J Biol Chem
269(6) :4547-4554.

Yang Z, Li H, Chai Z, Fullerton MJ, Cao Y, Toh BH, Funder JW, Liu JP (2001)

Dynamin || regulates hormone secretion in neuroendocrine cells. J Biol Chem
276(6) :4251-4260.

_16_



NI 43

Figure 1. Dynamin |l mRNA expression in MOPC-23 cells during
differentiation. (A) Dynamin || mRNA expression in MDPC-23 cells incubated

with differentiation medium for day 4, 7, 14 and day 21, respectively. (B)

The Dynamin || mRNA expression level was analyzed using densitometry. The
Dynamin || mBNA level was normalized to the GAPDH mRNA expression level.
Oynamin || mRNA expression was decreased in MOPC-23 <cells during

mineralization. Statistically significant difference (n= 3, *p < 0.05). The
data are expressed as mean =+ standard deviation. (M= 100 bp DNA size

marker).

Figure 2. Dynamin |l protein expression in MDPC-23 cells during
differentiation. (A) Western blotting results of the Dynamin || protein in
the differentiated MOPC-23 cell |lysates. (B) The DOynamin |l protein
expression level was analyzed using densitometry. Dynamin || protein was
expressed strongly in control group. The expression pattern of Dynamin ||
proteine was decreased in MDPC-23 cells during mineralization. B-actin was
used as the internal control for Western blotting. Each experiment was
repeated three times. Statistically significant difference (n= 3, #*p <

0.05). The data are expressed as mean + standard deviation.

Figure 3. Immunohistochemistry for Dynamin |l at early bell stage. (a) At
embryonic day 17 (E17) and (b) embryonic day 21 (E21), the Dynamin ||
protein was not expressed on dental papilla and inner enamel epithelium (dp:
dental papilla, iee: inner enamel epithelium). Inserted figures represents
a low magnified images. Scales: (a) and (b) 20 um; Scales bars of inserted

figures are 100 um respectively.
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Figure 4. Immunohistochemistry for Dynamin || at advanced bell stage. (a)
The expression of Dynamin || protein expressed strongly at postnatal day 1
(PN1) in cytoplasm of odontoblast. (b) Dynamin |l protein was observed
similarly in cytoplasm of odontoblast at postnatal day 3 (PN3) (c)
Expression of Dynamin || protein was decreased in odontoblast at postnatal
day 5 (PN5) compared with PN1. (d) Negative control of PN3 was not showed
the immunohistochemical signals of Dynamin Il (d: dentin, od: odontoblast,
pd: predentin). Inserted figures represents a low magnified images. Scales:
(a), (b), (c) and (d) 20 um; Scales bars of inserted figures are 100 um

respectively.

Figure 5. Immunohistochemistry for Dynamin || at crown and functional stage.
(a) The Dynamin || localized in adjacent the nuclear region at postnatal
day 10 (PN10) (b) Dynamin || protein was expressed also in odontoblastic
process (arrow) as well as in adjacent the nuclear region at postnatal day
15 (PN15). (c¢) Expression of Dynamin || decreased in a part of odontoblast
layer at postnatal day 21 (PN 21). Inserted figures represents a low
magnified images. Scales: (a), (b) and (c) 20 um; Scales bars of inserted

figures are 100 um respectively.

Figure 6. Measurement of length and Dynamin |l protein intensity in
odontoblasts during tooth development. (A) Quantitative analysis of the
length of odontoblast from postnatal dayl to 21. The length of odontoblast
was increased at postnatal day 1 to postnatal day 15 and decreased at
postnatal day 21. (B) Immunostainingintensity of Oynamin |l protein in
odontoblast area during tooth development. The intensity of DOynamin |

protein expression was decreased in odontoblasts during tooth development.
The average of length and pixel intensity standard deviation was plotted.

(PN: postnatal).
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Figure 7. The diagram for altering length of odontoblast and expression

intensity and localization of DOynamin |l in odontoblast during tooth
development. The expression of Dynamin || protein expressed strongly at
advanced bell stage in cytoplasm of odontoblast. Oynamin |l protein
localized in adjacent the nuclear region at PN10. Dynamin || protein was

expressed also in odontoblastic process as well as in adjacent the nuclear
region at PN15. At functional stage, Dynamin || was expressed weakly in

apical area in odontoblast.
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Figure 5. Immunohistochemistry for Dynamin || at crown and functional stage.
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