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'l'k'“"{fi FpEE (A - A JH) oo
Moo lEs = R 3, W SR IThILTW 5,
%m._;m-&lm w9 =t Ao F (enameloid) 1205
oo+ A WIS T 5 ii"iJ'E HIRAB L 72T H
%, Wil o FEmic L0z L9 A R AL
AiHN, RlEN =t a4 l‘ tllf‘iiﬂ’(b‘%o Tifidr iz
SE L 72 i i s i o o Ao A IR E
O T LA PLHMEE SR> Twa, Tolzobd
- THEHD W o el 85 TR I o =+ A VEIC
B A RO 2 4 v 4 PR - SR
L\ b2 AlCTishT B, B & o £
hFEhonitAad I“ml'bii*‘;‘c'i:ﬂwﬂi, Wl DD
SeEROY e e i (Kerr, 1955; %%, 1978a;
Shellis, 1978 ; Bendix-Almgreen, 1983 % &) 345 3
Lo, HEY Ulfsﬁ’t:lj’.f")‘fbﬂib‘o e E I,
FOFRMNEDFIEIZ T H 5 o = £ o4
[ & LR e = A )l/’ilﬂ)[#iﬁ?ﬁ) i & % 3 ety
LA B L9 i (Moss, 19705 1977 ¢ 14018, 1976 ;
1987 ; Fearnhead,1979 7Zc &) L@z &4 - T
3, LorLades, Bt A - 24z F Aoq
Fo& fa] LD A AT B Tl AR e I dU o =
+xwﬂmmm ol I EEVIcBRE T 5

IETH 5. é Hiz, Bz 20 FEDLD

EHTMHM_'\D , HRIZOWT HEE L oiadd
b AEET ﬂiﬁd}!} (1970) LIBR, W fioo s & Ry
(FESE) DWFTEA R 2 EESNTEY, o
DWW R (1972, 1976, 1978a) o &L ILTW
% TNHLIEMEMGESTTOILTWA, 22T
I A oA Fde ¢ LEITRIEDNIRE N
L, mz CREcigisiet £ a4 FEoiuvizif
LT A v FORMICDWTEHEEL TAHL
v, T, Wﬁiﬁﬁﬂﬁ%%%ﬂ@ﬁ (199047, 4
D) B L OETmEIS (19914, %@)fﬁ&Ltm
@kMﬁLt%@f%&

1) MESEIT A0 FOBRMEES

JEHESAIIC & b 2 LN AHEEI = £ a4 FoAi
Wz 1 TR ORHE D B W H AT 5, VD3
membranous saccules (Garant, 1970),
enameline fibrils (tubules) (Kemp & Park, 1974 ;
Kemp, 1985), /MF (tube) AkHissh (#:0E, 1976,
1978a), 25-nm-wide unit fibers(Prostak et al., 1988 ;
1990) & Gl & FL7z MRS HEIK & B v 3 AT IR oo Rl 4
Y25 ICRZBWATH L, VEU LD ok
Poieh 2T 517.5nm (14.5nm, Kemp & Park,
1974 ; 17.9nm, Kemp, 1985; 17.5nm, Prostak et al.,
1988 ; 1990) W& R % b EETHIZ TR Y,
giant fibers(Kemp & Park, 1974 ; Kemp, 1985) & ¥
ENAHMIS A METSH S (BT, M4),

I AT O HRIZ DWW TR RE <4
B EPERE IO WD H - 72, T 1) enameline
fibrils (tubules) (% FRMINE (P9 A v LR i)
ISk TmENiont ANy v g7n—Hix) 2))
> (enamelin) 1S9 4 4 o T giant fibers % JE
T4 (Kemp, 1985), 2) /MY (tube) 43N
ZF AN MRS L > THWENizbDTH B,
giant fibers (3 (MEERMNAICHET S ?) 27—
gD —kETH B (HhHE, 1976:1978a), 3)25-nm
-wide unit fibers [ giant fibers #fik T2 L Th
Ah, INbRIEa TS5y, BELLYT
FrRRN F 7P TH Y NEERMAE, ThbbET
HEIC & - TamE iz L nTh b (Prostak et al.,
1988 ; 1990), I L DTHAH,

WHENFR LD L B s, 4 - A DS
Aa4 FOFEIEEO % 2 o 5 RS 5 i3

’*‘ikt: Rz LRGSR 5 t M PH & 41

bz 2 A (AL, 1, 2 ; Sasagawa,

1989 : Sasagawa & Akai, 1992% Z it Garant
(1970) @ small membranous saccules & 9 & &
ITE L B HRD DY, TEIEAIC Z /RS | k)
i, TahbEMEBILENNEWF 2 —7RKEET

small
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HIEE, BloRNB B E OBEEFEL T
Sasagawa (1989) 12 = s & F 2 — 7 H/BE (tubu-
lar vesicles) ¢ #d b Z & RELZ. 2 5i2, F2
— 7N BRI O S & L E LR, W
FHOlA W2 iE L TRZ 5.2 25 6 SUPZEMLHE
FALEINTWA (ML, M3 Sasagawa, 1989 ;
1991 ; Sasagawa & Akai, 1992)., Z2Fdlarig &
V9 # 2 J5iE Prostak & (1988 ; 1990) ¥ —3L Ty 5,

Wiz, VbW 3 giant fibers & IEFILT v 50
WEMHETH 7%, Zoidtodskic 2w Tidid o
O TEREBINTED, FRFHHETESL LYY
el A 2 HERERY - R LRIIFTRIR 2 25w, L L,
B Ic W T HFR L OBEFE» LF LD &,
Fa—TPANIZ L - TZOBMEAPRERINTWS &
v %z (Kemp, 1985 ; Prostak et al., 1988 ; 1990)
IZIzEERDH B, FBHNS, L5 giant fibers
EFa—T7HRABIZLIFLIEREL T3 L 0o, i
DN TERERRERE R ED b N w6 Th b, iy
BETH £ /AN EES L THMEDTEL L b LIE£ L
2 wl, ERIcTO L) HBEBLBEES TV, 2
UL F 2 —7 WA S x s ekt s Bbns, £72,
giant fibers 2S8RSO RICHE L Twv 25T
LizLiERsndsd, LEMlaanthsd 2wz
DT R LN, L2t T, BAED L 2 5 giant
fibers (F R FMRICHRET HMHELEZ LN, 2D
M. Ti3 Prostak & (1988 ;1990) o A %S N
%, 7277, Z o giant fibers #7207 —4 > i —
i X IR RS N T Wiy,

aT—FrEHEEF I LNV L Au A ik
Pz 2 AR 5 L5 A, £ Ot o) [ FE 2 455nm
(Prostak et al., 1988; 1990; Sasagawa & Akai,
1992) TH 2 (HR I, [M4), T fsio+
AuA FIRECHEUEOS Y EEYEIC B S N A R RE
A64-T0nm @ [ B 2 5 — 4 > fiE » 1B TERIZ e
By -72400ThHB,

A= A v 4 FOAEIHIZ D To%IbN
e i o BATHIL TV B, Moss & (1964) (22
T I /R b, PMREEH O 2 T — 7 iHED
FETHI R FERL LD, £NIZx L Levine 6
(1966) i3 A+ A o4 FHBILTIZIEI Z—7
HHETH Y, WIIHOMHAL 2=+ A WO
BHEMTWDB & L7z, il (1978D) (254G (== F #
oA F) OT 3 JESTORRE» L, 27—
rEnbdte g o s e E e L, Kawasaki &
(1980) b2 F VW 2mpith (EEk) »527—7">
MHEE, FOMCHILB MBI ;A VD LT LN
LD EMEGOEBIETOTEEFREL T b,
FAFOEND 27— IO I Mo F—

gz (T b Evvb il (Kimura et al., 1981),
Frz, Mith (HESEH) ORFEN T —4 BT EN
DLDEITIZRILE TH 2D, WIEORFHEEMND
TNOMBEERARL L) LEIBRBDLENLDE L)
(Kawaguchi, 1985) L#*L, %o giant fibers 42
TS E O, 351778
HeAH5onm RO & WO fin T a5 -4k
W DR R T M S hR - T BT, RELE
THAwA FIoBIT 328884, Rica 77 B
DAL IC DV TR SR 2 LTI - 41k
s T ENS,

S A oA PRSI WTL 23T
FURHEEDALNS, VAT F = — 7PN B
TIHENAHE T D S Wil o+ Ao 4 FEE (3
ECRE T o lg, crystallite-poor zone, Garant, 1970 ;
pre-enamel zone & juxtra-laminar zone, Kemp,
1985) & F 2L BIFICE AT 2 (collagenous
lamellae, Mornstad, 1974 ; interpalisadal zone,
Kemp, 1985) ##E L T3, L7z T, F2—7
PFAEDEIZDF > R REE ORI L > TWw (D
@B (palisades, Garant, 1970) (240t 541 Tw
A rizid, LarL, ZoihEidd A TR
FrpariclensdboTh ) (48E 1978a), =+ 4
oA FHOWMWTAZA R L Z A TIEZDE S %
glEe oy, EEER—RIzaH L Twas LI
25 (ML, 1 ; Sasagawa & Akai, 1992).
FAFOT S A v A FTLHWE DS TlEEEERLED
AHESC D &5 TH B L, WREEODD DIHLEL
) Aud FOE2ORmzEL 2 Lo d Litwy,

FIEIOWNE T2l A 5 =F A o 4 F~2DFE
FIRTEHEHICRAT HIFRERGESSTEZI LTV S
(reticular fiber, Kerr., 1955; Korff o &k, %,
1978a e &), 261, Lz + A0 f FlcBwT
L5 B ARE T A 4 (enamel tubules) %4
L, 2@ iits AL TWaZ a8
EE2 N TWvwA (Akai et al, 1966 ; Ripa et al., 1972).

2 HICEHSTHEZEDH LN D & ) iR EIES
Wik T F L7 R BRI L ORI
AL ER & T 5, Everett & Miller (1981) (4
AL LT, 772/ A0+ 404 F
EHiIEoOEOARIEEEED it LT WiSE
Tl TH L EHZ, Bz AnF Ao Pz
E7DBRMIFT ANG 372z, #7F
T, R, T3 AF AL v, 27—
e, AACH, L2 F o T IXHFEET BN REEA R
ZELTWS, —4, o fiEHiEbstic L 20F%
Tl, Y AOEMOIF v FIZT AP
(amelogenin) Fifkiz & 5 MIc#a#EEE S 41 (Herold et
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al, 1980), 7Aooy z=rHk (v AFXXINT A 1989),

Y= KT AR XDE) 2ot —nbik) % MLzl GHlic2o 5 % HENIcsWT, =

HHo Bl bR T 7 3y 2 W A DR+ 2 a4 FORKIbD G E - 72 Bt o1 ¢ Eflo

Aod FIRFPIC G2 Twv 5 (Slavkin et al, LT TIcF Ao FoRIRIEY D% ) A

1983b), ZiLbid LEMa TR AT v B AR FEMICL T 5, AR HE >zt 20

L, ZF A0 FASrilL TWwadZ E&mWET 568 A FTl, fSREdvh&Ed, 23510404 L Tv 55y
WanTwam, MOMA 777 FX0BREIZ LI S REOEM ZHMBLL To 2808 L Tvw 2,
BT ANG 71T BHURICEUST 2 WA BELF A0 FodoiikidadickEL, £

HFHETHZ 6, HOFSKEAHOBRM T T o222t Ebhs, 262, EhrE

R ANG g, BELL IF A T CRBNBPMET L ABEROBICIZA S kR H

LT M 25w L T b EHENE LT3 (Slav-  fET 20T, H MBI ROER, REH ke &t
kin et al, 1983a), &b+ 2> (Zodé ZhHLoEMbIA (BRI, X2, 3 ;Sasagawa &

tuftelin) @RS F aF 2D T F A 04 FERIGL 2 Akai, 1992), iSO T 2 v 4 FEE O Hiig

ZELHEEN TS (Deutsch et al, 1991), L#» (e o 72 S TH 5 2 LS 2 LT v A (Garant,

L, o uifeE s by T T A e = 1970 ; Kemp & Park, 1974 ; 1%7#, 1978a; Sasagawa,

=Pk E A YHAR TR A OB A o 1989 ; Miake et al., 1991), ZSHAFEDEZHEHINE G

A FIREE LV E v R L T A (Ishivamaet LN BIEYAE{ Lo 2fSTL F Iz I35

al., 1992), fpigiiakibatic &k AMFeid £ 724 ( oo Bk OGEP S L, 2 L5ICE N F 2 —7dhDE

BEATE, RS2 BWEOGIKD L HESHS Liifi L Chih L RRPREOVTWAE LG g

Llztatr b L b, LIFLIERLNE, Zodr LRI LIEL (I3 F=
—7RANEO T ET L0 EE 2 LRE (FRII,
2) THIARRALOIFE ¥ 3 ; Sasagawa, 1989 ; Sasagawa & Akai, 1992),

WS =+ A o F Tl F 2 — 7RO Bk L v 3ol it giant fibers 02 7 —%
PNCHEGEATBLT 5 v ) L 2 C DEFERE RS T DTS SN D, Lo L, WU
w3 (Kemp & Park, 1974; #£#%, 1978a:; Kemp, ZIH DM R 2GR ANT, whWwba T
1985 ; Prostak, et al, 1988; 1991), & &4c Garant — —7 » MR bizdE Z & v (BRI, ®2), =
(1970) & Sasagawa(1989:1991), Sasagawa & Akai DR Tl T o it m I bz DBIRL T
(1992) 12 iR OFF T AT & - TP 238k H Wik Ebhid (Kerebel et al, 1977 ; Sasag-
DVIEMLREED PIZFFAET B & LT b, ZHUE awa, 1989 ; Prostak et al, 1990). L& L, #&ok
WM OREHO BRI 3T RS R S, Zolis fokinid, SRS ORTNIC L > THEE N T2
Fa—TPNME ML T, &w) BRI &I TH5 (Kemp & Park, 1974 ; 1%, 1978a).
W T WA (BRI, M1, 3). fEdEdT Bl FIIRAGAHEAT L 72 BB o o A v A Fizid kB ongs
T WERE OIS  TlE T 2 — 7oA ih faicoE - T AT S Tw 5 (B,
ICHETHED WIS SR L, ZifE =4 1978a), 72, =+ Ao FOWITRHSRIEH L0
UK — i X N d (EDX) {1E@ERE B cikBakbollic gy da o L ibins
THMT 5 E, FIZTELWATEL L7 ahfil ABTHOERRERAY 24, HB2NzL v
BENBHZ DL, ZOMETHEEDRSILHEHORER BeT- s x5 (Sasagawa, 1989),

WP TH HHEME L R 213 (Sasagawa, 1989 ; AT F AL FORKIGOHHIZ=4 7052
Sasagawa & Akai, 1992), L7:5%- T, MR+ A 757 4 —% EPMA (X#~4 707+ 7435 —)

Ao A FOiefadi i BT T £ L7z 250, k> TRHNLENTWED, FHUC LB E8MTIc L -
FThbbFa—7TR MNP TRZZLDEMbLILE,  TETHNL S L oomIHN2/3Tizmbdizhaoq

Zis ORI RRE O R LTI 2 IO EAE L L (i R R T L A
LTI %L, =+ 404 FOFENLLER~»TT  FIBEXE - TEBBICML - TETLTW L &
DR bz TF 2 — 7 WD YR L T J{giimAid 5 (Fosse et al, 1974, #Hi &, 1978
iz EBlbhITL B (#E, 1978a; Sasagawa & Risnes, 1990), seh% L 72 M2+ # 2 4 Fofibe
Akai, 1992), L#L, =+ Ao FefRELTAS AT DoW TR % < oHid h 5. EPMA 12 L& 5454
E TR &) M (3 5 1z L R Bl L S TIEEEEE (3.0~3.5%) OF (7+3%) »H A%
FOHROORIEL AT S (Kerr, 1955; Sasagawa, WMt Aof ForbiS i Tw s (M5,



1978). % 7z X &k mpr e bEminik, 7—) =%
Haarhb o (FTIR) B L » TFIZ&E & W
CEFRLTEBY, ToBRRSIE7NANT 354
(fluorapatite) 12 B4 @ (Glas, 1962 ; Mller et
al., ; 1975, #i%, 1978b; Daculsi & Kerebel, 1980 ;
LeGeros & Suga, 1980), 2 52 fluoridated carbon-
ate-apatites (Miake et al., 1991) 22 Twa,
Meller 5 (1975) (Ziilifkic FasdEfid 5 &&F 272
4%, Biittner (1966) X IO T4 Tz 7 1
FNTRF A PITIEZEFi T 5 LT,
X5z, FOR#HEZF 2of FEEkoBicEZ 5 &
SN T3 (LeGeros & Suga, 1980). FEE#ID
HETOLDIZOWTIEELEHRIN T WD, &
SO S EBEN T (2.5%» 2L 1) o7 =
FA0AL FIZEENTWB EHEZIN T3 (Miake
et al, 1991) L7247~ T, HWEFHD T+ £ 04 FHH
BRI b T NANT 238 4 & by Tk L
LN BmfEELFTFIcEZ bbb, EHICF%
BHT A MBI AN R THL EFEL LR
Tw A4 (Daculsi & Kerebel, 1980), #iiEo k 5 iz
FFSEMIaRA D F o — 7R TR TR S
L, FORBDED S TNANT S5 4 PR T
bbb LA FIES i & - THEE S Ll
A5, rHEZHA.

3) HWiF EREEROTEMEE & &3

HiE e & 912w { 22l b AR EBEEE T
2 A FHF A4 Pz LEEkOWEGAET S
Z L AR E LT E o, PEADEMEHA v 22 e
PR TL, WEHRO T 2 o4 FIEBRICE B
farka< 53 a:F52 50Tz (Kemp &
Park, 1974 ; #Ji#%, 1978a; Nanci et al., 1983 ; Kemp,
1985). L&rL, =+ 204 FIEKIZFEIIZIZEFEM
Bz & - TATA L, FRCWIINC I3 LB MIRIE LARTS 2
LRTWIZIZEMS L Tuelevy, 2w &2 Hhiwii s
#EFL TS (Prostak et al., 1988 ; 1990 : Sasagawa,
1989 ; Sasagawa & Akai, 1992).

Hx7 A L (IDE) fifldiz =+ £ o 4 FIEFER
BT T EOEVEIZZ > TE D, KBtk
Tzt LT3, La L, MIESEIcSHh
T A5bAEOFIT I REOIGEILH L, M
TEZBF TH . Z ooy IDE Hifidiz PAS B
L (i, 1984), EHO ) a—7rRTEED

ARV HEAET 2NN RELIETH D (FHE - 54

1977 ; ¥, 1978a; Sasagawa & Akai, 1992). %
oLl iz (z LI LI 7)) o— 7 i T A
Lo d, His - 72 IDE #laBliz 2 e o 4 Aty
#n N, LMD PRSI &5 15 HTHELLIIO i

iR 6w ($5#, 1978a, Sasagawa & Akai,
1992), Kemp & Park (1974) & #7#% (1978a), Kemp
(1985) (3 IDE #iidrf, H A5 WwWEEEMIc =+ A04 F
R T 5 F 2 — 7N ERRGE AT 5 L i
WL Twa, LaL, Z#i3 IDE kg o/ ek &

Fa—7WhED KO, 52— 7R h A
A2 EM T 206 &y BEFERINLTED, 22
IFAuAf FEEZEN - 5 &9 IDE #Hilao
HITL AR DIERE, F 72 Z D4 H - A WD IR EE
DHEEFHRENTWSE, bbb, £/, Graham
(1984) (2 # DWEEFERAEL T, =+ A A Fit
TR IDE Milgon 7 o 7 Gliieh % 4 — |+ 7
AT 74— T, IDE Sl S s 2 Y

2 FDfighH e & LT 5, —77, Prostak & (1990)

jFankeFr#bick-s Tt oA FREREEKO
IDE fifigicig & 2 I M EIE 7)) 2—7 KT
e ainnaTh-72Z i b, ZOMo IDE il
DELHEL ) - olFEE ZcHET B 1R
KitHa o Ao FIRENKIBTH2Z DA EEL
Twh, B ToHE b L BHF5E T L s bid
FEAE T A HRME & 354 L 72 bk o Everett & Miller
(1981) oz, Hid (1984) 3RO~ £ 0

A FIZFISZRE 2wy, AIKIEEICA S &, £8HH,
e T BICBATEEL 280 kb 2

FRREEL T3, UL, IDEMEbD 7Y o—Y
»i2LTH IDEMIE D b o Ligasgibizfibil
BUREME L IEE 2 b, 1372 LT LB 5 £t
BRI T Ao FIICEMEATwE Loh s
i, EWV)EL A B,

TH 2 o4 FIREER L ) BRI E 5 &,
IDE a2 Bz sy 2 E my & J 12
% B, FRHCRUGHEMIRE I W RS N Y, BRI
W43, 7N a—7rRTOEFL LT B,
WiEiEe IDE MIBLIC 3 £72% < b d, Hsmiam
DD AG L FET S, IDE fifdoii.o iz 2,
3 i TR RIS k- THEb T
W3, 0% (1978a) % Nanci et al. (1984) 3 =+
Ao FOHFLHHEE - Th 5, IDE Mih ol
ANEFEAIEE L, FRCOEAETIE SR B Maho
SEENBD LA, LT3, Lizdat=T, LM
fadiz+FAof FIBRIZEY T2 ELs, ZORK
LRl ORIAIZ L » & LS B 2 L L Bbi
5, 3biz, EEBEHZF 2o FIRTEEICEHE
CHEfE L Ly s+ 20 FE5FTwaZ Y
g &2 TH S, Kallenbach & Piesco (1978) I
L BE, BEREAKEMTLL L AHEL - THLE
LTwadEwvsg, L, LEMEs» s MEEaKL,
T+ Ao Flll~ZihL 24 - FMLTwaELTL,
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IDE #lgn MM N as B A RE L T AMid L 9§ T
22 Ao FIRE AT S Lt THIRIEASHETT L
T AEeZA 5, Z OW R I & A Ikik
CHEST2L0TRE, LA F Ao PR
Tonsrfit, WHERHROBRE, £zt s aKR{bok
i, 3y BT IEEC A e R (2 o
Bttt AN EMEE I HE LD D, diEE)

DEFIHFET L EFEZ21T9075 FBHHTES,

4) RIFFMMADOFAERVEE & 185

I Au A FIEZEICE0T 5 LMoo il L
(2 k=T, AN G e o il o TR AT A
ERNTVEETZ L. (22 TREFHD AR EET
IFAuA FLA DR EWERTOWE % 1EE 2 &
1S3 2 RN & v ) BT R - v 9
k% EECHT 5.)

T Aa A FAETRMCE SN 4z < 4
0, OIS L 72 7023600 & B 2ofLif /)
Nafd, Sukrfk, /iE, SRL R & S, o0
DIF A v A Pzl wa%, by o )
A FITEWRET 2 F 2 —7HANB E 27— > fHt
AT &9 Iz Rk s E 2 S s (Pros
tak, et al.,, 1988 ; 1990 ; Sasagawa, 1989 ; Sasagawa
& Akai, 1992), 2 5z giant fibers L fAHIEIC
gt gt %2 5N Tnb, D) 21+ 40
’f i‘m!‘li%ﬂ”*mmﬁ;h&di%.1-7**”] oo p Tl =

Z TSR Lo T, Wl AL & i L’CL\
5mE%T%mwtwﬁ:&t&&omwmmi+x
0 4 R IS 3 MIE I A B o Jh o % 43 Wk
L TwaaAd, #IMaR{IbD B E - Tn
LI EHTRCTREE NS,

rt+ AvA FORRIEA M E 5 & LYK LI
5, DHIZEBEENLKAIRKICDE S HILT (BF
BIE) irEica7—7 A 6k, 2512 glant
fibers * 5 2 — 7k/d, BENE, SO 5k
Al s, ZZTLRFHMO R L F 2 — 7
i, glant fibers 3% L Tvr 5. QF ML 2
FEHZ X R F o — 7T PAEE ) AL L J IR 2
Z Zl R oA it M AT b LS, RO
SMAEPTIZ 3 388 L 2 T 3 % { ik, filok
L 72N aE, S8 — AR MR & /Ml e
flilz v < 2RO LRUE LD it s, I OREY
DHFIFHNZ S TR & & D ISR S
PRSP O F 2 — TN T & A W, WL
Twa EIIcb 25 (Sasagawa, 1989) .

5) £EESLUVERRB L OLE
Bt & 2 & Uik R kT A L J v ko 7

=T euH (X F A Thb, it =+
Aad FEFLTWRWY, TOREOEMRD L
7'V v 3 (prelomin, & % v prelomic hard tissue,
drvig, 1967) & v AR = Ff-> T3, 7'
0IvEELOTHVAREZRTHETH 29, L
Bl B G-A 7 ISR OMIEN 24z & - TIEK S
Na v fifirdh s, FeXrfrio7 oz
MWRT 2874 Fowvd 4 (whitlockite,
Ishiyvama et al,, 1984) TH D, ZHUITIEHE g #l
BEelTilOHTELWZI ETHE, 7okl
(37 2—7 gz L Bz, WL < B Tl $
7z e o) tubular saccules @ TR & 11
% (Ishivama et al.,, 1991), Moz Ao 4 FT
A F o — 7 AN o IR, 1
A F oA IRIE L ) Zo&iHo 7Y o
g IREERIZ IR AT J It B b S,
WD ;Ao FReeEflo7vo I vicish
L, RN Lo 2 BRI Y A
TP E LN e e ds B W IZBENL D 2 2 THEEG O
WA, RT3 & v SRR o R
FEH ) T B TILEL AN AT IR A LA FEZE T B LARj o0 it ds
W7 SR RILE DU Lo L EHTWADOD L
Litevy, HB I3, b aTd—7rriinZ L
WIHHETIR Z D k9 Aol B TR o b L LA,
A P B D S L T B By o = A
oA FEHEHOD =T 2w 4 FIREERC e &
G ARG T A Y, Ko F Ao L FEvd 4
(rvig, 1967; Poole, 1967) #*fibiLd Z th'B
Vv, B LICEATIEIO T A a4 k& ik
[3AHE T & B (Moss, 1969 ; 1977), H 5\, A%
DEF 2o FIFHAAEoFr Ao FERL L)
IZLTEL S (Reif, 1979) &35 AMHH 5, Ly
L, #HoNFEEMAF L TA S & AAEIREen
IR IC W D K E L nATEH 515,
D T+ A a4 FIRTNE RGN
AN EF =TI L - THH LN TW B
—77, BFEOMG AR A e FBEKCBEWTY
F 2 — T RNE O B 5 LT B (B, 1974 ;
Yamashita & Ichijo, 1983)., L& L, £ @ HBIEHA
[FREBIR D F 2 — 7 gds = 2 a o F R
DA Wb AL, HyaloF o —70k
ft Ml = A v A4 RIS T o nIRk b 5
Rendkoicid, 72, DI = — 7
[Txt A v FIEDFENSSTH B DY, FAF RO
Fo—TWHEEWE 2 2 0 FERFIZHEAT LD
Thd, 512, PRI F = — 7 RS M A
o F 2 — 7R & - THUS IR TR 3 L7z it &
BLTwiw, %5, ZOMFERNAREETHS

—if



F1 A, HESHF £ o4 FomiiaikibkE
1. Fa—7A (TV) e 3o —HL )
Ekaiis,

. Fa—7 PN Eh s EE TR E OIS BT
B ZGIEEERORFEE TH B HeEA S
5,

3. Fa—7PoNEic i iBiT 5,

4, #HEPHELTHIBERELAAHELL-T

L HfiEicE N TV B,

a7 —4 R F ORI ) o B
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Abstract

Features of tooth enameloid in elasmobranchs

Ichiro Sasagawa

Key words: elasmobranchs, enameloid, mineralization, tooth development.

The paper reviews recent data on the organic matrix and the initial mineralization, and also on the

dental epithelial cells and the odontoblasts during enameloid development in elasmobranchs, with special

respect to the differences of enameloid between elasmobranchs and teleosts.

Tubular vesicles which are limited by a unit membrane occupy the bulk of elasmobranch enameloid

matrix in the stage of enameloid matrix formation. It is likely that the tubular vesicles originate from

the odontoblasts, especially from their processes. Two kinds of electron-dense fibrils, with stripes at

==



intervals of approximately 17 nm or 55 nm, respectively, are often found in the enameloid matrix. Initial
crystals are [irst observed in the tubular vesicles in elasmobranch enameloid. These crystals are scattered
through the enameloid layer. It is assumed that crystals rapidly grow in the tubular vesicles and increase
in number after their initiation. No crystals are concentrated along the fibrils in the enameloid at the
early stage. It is postulated that odontoblasts are strongly involved in the initial mineralization of
elasmobranch enameloid including fluoride concentration. In elasmobranchs, the inner dental epithelial
(IDE) cells contain small numbers of organelles involved in secretion in spite of a large number of glycogen
particles during the formation of enameloid matrix. It seems that the IDE cells come to exhibit a well
-developed smooth endoplasmic reticulum, vesicles, vacuoles and granules that contained electron-dense
materials in the mineralization stage. It is probable that the IDE cells are more active in the late stage,
that is, the mineralization stage, rather than in the stage of enameloid matrix formation.

In teleosts, the prominent features of the enameloid matrix at the stage of enameloid matrix formation
are the complicated arrangement of thick, dense collagen fibrils, probably type I, organized in bundles.
The site of initial mineralization is the boundary between the enameloid and the dentine. At the site, there
are many matrix vesicles containing small and slender crystals. Additional mineralization to the surface
of the enameloid occurs along collagen fibrils. The IDE cells in teleosts show a well-developed rough
endoplasmic reticulum, Golgi apparatus and secretory granules in the stage of enameloid matrix formation,
so that they seem to begin secretory activity as does the odontoblast. In the enameloid maturation stage,
the IDE cells have a ruffled border at the distal ends, implying that the cells are strongly involved in
the enameloid maturation in teleosts.

It suggests that the organic contents and the mechanisms of the initial mineralization in the enameloid,
and the role of IDE cells concerning enameloid formation are different in elasmobranch and teleosts,
although the hypermineralized tissue covering the tooth surface named “enameloid” in both elasmobranchs
and teleosts, is similar in its final form. The major features of mineralization in elasmobranch enameloid
seem to resemble features of the formation of pleromin in Chimaera phantasma, an extant holocephalian.
Further morphological and developmental studies including fossil materials will probably reveal the
phylogeny of elasmobranch enameloid.
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