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Enamel Proteins
—DBiochemistry of amelogenin(s) and enamelin(s)—

Minoru HARADA

Department of Oral Biochemistry, Matsumoto Dental College
(Chief : Prof- M. Harada)

Summary

During the process of enamel formation by ameloblasts the extracellular matrix that
is secreted first is relatively high in protein (20%), but, this percentage decreases during the
maturation phase to less than 19. Enamel proteins may be divided into two classes
designated amelogenins and enamelins based upon their solubility, affinity to hydrox-
yapatite, amino acid compositions, and apparent molecular weight. Neutral salt or
guanidine-HCl soluble amelogenins gradually hydrolyzes into small peptides during
hydroxyapatite crystal formation, while enamelins, which solubilize after EDTA decal-
cification, remain in apatite crystal after maturation.

In this paper, biochemical studies on the amelogenins and the enamelins are described.
This includes extraction from tissue preparation, purification procedure, primary and
secondary structures of amelogenin, antibody production and their cross reactivity,
amelogenin cDNA cloning and analysis of its nucleotides sequence, and the function of both
proteins on crystal formation.
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The cross-hatched areas (SE) represent soft,
scrapable enamel, the gray areas repesent
mineralized dentin (D), while the plain white
areas repesent more fully mineralized, har-
dened enamal (HE). After removal of the soft
enamel layer, cuts were made at the arrows
separating the remaining tissue into lateral
dentinal remnants and cusp tips.
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Rl v RFEHAR=F 2V ED7 2nr=y (FEH1) =20y (FH2) 2BR REAR wiE

THED
% Apatite  %Total . . .
Fetal . . miner al/ protein / Fraction of total matrix protein present as
age Tissue examined tissue tissue
frc;::ir:; l‘;:et frzvz:irslg}\lizet Amelogenin Enamelin
% total % total
months fissue ng/average /’:issue #g/average
. molar cusp _ molar cusp
protein - protein
2—4 Soft scrapings 60—65 10—12 65—70 105 30—35 45
5—6 Soft scrapings 70—75 8—10 85—90 400 10—15 65
7—8: Soft scrapings 80—85 4—6 65—70 325 30—35 105
5—6 Hardened cusp ~90 1—2 ~50 60 ~50 60

* enamel?®

“Extract 2 proteins from hardened cusp tips were composites of enamelins and dentin proteins. The
proportions of enamelins in these preparations were estimated from amino acid analytical and

electrophoretic/chromatographic data.
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0.05M I ) A—E BB & I (pH7.4) 1419,
0.02—0.05M ¥ vER{EEH (pH 7.5 19, 4.0
MIER7 72=v—0.05M t ¥ A —SEBmEEHK
(pH7.0) i ewiikT5 4o, 2) EDTA
R U CRIRRIBE LT 5 JFEES1013-1510 %,
TAh ) ETAEILTWBES, 3)EmRET
BRIRFTE{bT % HEEm131817~19 533 %, Fincham

R2. vV ETEDOPHE=F ANBDEKREEL £ V4
L7 EE. ANBTUR 2R

SRt v 74
&5 X R,y Ji 2Ry
1 38.2+2.1 29.7+1.8 37.1 29.6
32.94+1.0 17.4+0.8 35.1 18.8

35.6£0.4 9.3+1.0 36.0+0.8 8.3+1.25
28.6+0.8 1.8+0.6 26.3+1.1 1.1+0.43
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HE#I15%) THHZ ERZFHARLR TV,
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THEEEhB 2 v A2 HEGHE, TAiny=v (G
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—BH TR Ih5 2 v A2 BSE (28D
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YVI/RFIL, KB E —vEGFRE<—F—&
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+5&, 63,0000 Y FAREKHEELTCWD
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HBThote, —H, FTEET,0000=7 29 i
SRR UERAEE LR T Z L3R A LB
=32 ) vHRBFETAHC L LBET S EBRNRT
Wh, BB, TAvF=VvIIGRIRAELL =F
AV VRENEY R TIHRES NS B,

ZDXHI, TrAuF=vR=t 2 Y UHRRY
—MERTOIMKGEYEEL B7129T, ks
BEROTMOBHELEEY, 2 vy EEZED
HABALEMBRR R Thbh T3, BULRIEA=
FALEFE=F A AETIECR S RFEOER
VCEBRBEEhTW3,

3. —REBELZKES

Tinyr=vo—RESECHET»RER
Fukae Bz X b N— R X D54BENRE L
n, RnTo, 7%, 7iAal=viEonT,

RI I =FAANZyR2BOT 3 78, BEHAR
TAmy=y =FAY Y
. . 7% Y DY ANARER - .
1:%0 1;%; %%& 25,000~ 21,000~ 42,000~ 160,000~ m%&
sy ' ' 26,100 28,000 72,000 200,000 °°°
TR s Jms Jw Jms Js s 73 oo
AvF =y 3 176 M 38.3 33 67 0 54
£y 5 294 32 41.6 34 77 198 55
Zii;;ﬁ 32 }wz4 }m7 }u&s }%5 }mo }m7 }N7
Fayy 49 288.2 298  237.8 304 166 6 83
sy 6  35.3 2 40.3 23 112 a1
7=y 4 235 18 28.3 4 56 o4 87
YART 4V 0 0 — — - — - tr
Ay 8 47.1 6 323 a 33 33 17
Py 8 47.1 8 60.9 - — 6 tr
Avedtsy 8§ 47.1 B 36.4 34 21 20 35
agsy 18 105.9 85  96.5 110 23 32 9%
Fasy 6  35.3 5 347 6 32 15 7
e=ATI=y 3 17.6 1 16.0 18 55 5 57
Yoy 1 5.9 9 2.3 7 32 23 85
b AT DY 12 70.6 91 8.3 76 25 37 3
Pz 1 5.9 1 115 4 36 1 42
bV E Ty 3 17.6 - — - — - =
DY tr 0.22
ST 0.90 4.7
HFP bWy 0.17  1.08
Sravsy 0.14 3.2
BEHSE(7vRxavi) 8.2 15.2
XBRES 23) 18) 16) 10) 10 2) 1D

7 3 B RER/1,0008RE, BL % NBRER/15F Mr=19,350

FOMOER : A—rv L/ EVAIER
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7 32 KL LD ThRER, BYER
FEFOKREIThIb DR, T RKENHB2T
BEDT7 I/ BEINISEAENED bhi?D,
SEe Tt — RS OBRE L Takagi 5221 X b
HEa3hitc, v BENE=T ANVBORHET 2
YovkzeAXAb Y)Y, F2 b)) Ty, b
TV, hAREFTRTFR - Y L BEEL

EH: :7re¥=vizdr)vodkits

He, CNBrcX 5B ESELHEERTRIFF
O EEREE%, Edman 25C7 § C BEFIZHREL
(K 3), ToBEISBE TSI ni-oW
YA HEHERAKERREL, 2<FHLVIDT
Dot

T ARy = VOIREECOWTRER L BR
RETEhLh, cross g—HE, g—HEEYRT

1 5 10 15 20 25
Bovine Met-Pro-Leu-Pro-Pro-His-Pro-Gly-His-Pro-Gly-Tyr-Ile-Asn-Phe-Ser-Tyr-Gln-Val-Leu-Thr-Pro-Leu-Lys-Trp~
Comp-8 Met—Pto-Leu—Pro—Pro-ﬁis—Pro -Gly-His-Pro-Gly-Tyr-Ile-Asn-Phe-Ser-Tyr-Glu-Val-Leu-Thr-Pro-Leu~Lys-Trp-
Pig-G Met-Pro-Leu-Pro-Pro-Hig-Pro-Gly-His-Pro-Gly-Tyr-Ile-Asn-Phe~Ser-Tyr-Glu-Val-Leu-Thr-Pro-Leu-Lys-Trp-
Human~-I Met-l’ro—Leu—Pto-Pro-His-Pro—Gly—His-'Pto—Gly-Tyr-Ile-Asanhe-Se:-Tyr—GIu-Val-Leu—Tht-Pro—Leu-Lys-Trp-
Human~J  Met-Pro-Leu-Pro-Pro-Xaa~Pro-Gly-His-Pro-Gly-Tyr-Ile-Asn-Phe-Ser-Tyr-Glu~Val-Leu-Thr-Pro-Leu-Lys~Trp-
Pig Met-Pro-Leu-Pro-Pro-His~Pro-Gly~His-Pro-Gly~Tyr-Ile-Asp-Phe~Ser-Tyr-Glu~Val-Leu~Thr-Pro-Leu-Lys-Xaa-
26 30 35 40 45 50
Bovine Tyr-Gln-Ser-Met-Ile-Arg-ﬂis-?to-Tyt-Pro—Se;-Tyr—Gly—Tyr-Gln-Pro—Met-Gly-Gly—Trp-Leu-Bis-Kis—Gln—Ile—
Comp-~8 Tyr-Gln~Ser-Met-Ile~-Arg-His-Pro-Tyr-Ser-Pro-Tyr-Gly-Tyr-Glu-Pro-Met-Gly-Gly-Trp-Leu-Trp~Gln-Gln~Ile~
Pig-G Tyr—Gln—Asn—Met—Ile-Arg-His-Pto-Tyr—Xaa—Xaa-Tyr—Gl_y-Tyr-Glu-Pto-
Human-I  Tyr-Gln-Ser-lle-Xaa-Pro-Pro-Tyr-....
Human-J  Tyr-Gla-Ser-Ile-Met-....
Pig Tyr-Glu-Asp-Met-Ile-Xaa-His-Pro~Tyr-Thr-Ser-Tyr-6ly-Thr~Glu-Pro-Met-Gly-Gly-Xaa-Leu-His-His-Glu-Ile~
51 55 60 65 70 75
Bovine Ile~Pro~Val-vVal-Ser Gln—Gln—Thr-Pro-Gln-Asp-His—Ala-Leu-Gln—Pro—l?ro-His—His—Ile-Pro—Met—Val—Pto—Ala—
Comp-8 Ile-Pro-vVal-....
Pig Ile~-Pro-vVal-vVal-....
76 ’ 80 85 90 95 100
Bovine Gln-Gln-Pro-Val-Val-Pro-Gln-Gln-Pro-Met-Met-Pro-Val-Pro-Gly-Gln-His-Gln-Pro-Asn-Leu-Pro-Leu-Pro-Ala—
101 105 110 115 120 125
Bovyine Gln-Thr-Pro-Phe-Gln-Pro-Gln-8er-Ile~Gla~Pro-Gln-Pro-His-Gln-Pro-Leu-Gln-Pro-His-Gln-Pro~Leu-8ln-Pro~
126 130 135 140 145 150
Bovine Met-Gln-Pro-Leu-Gln-Pro~Leu-Gln-Pro~Leu-Gln-Pro~Leu-His-Pro~Pro-Gln-Pro-Ile-Val-Gln~Pro-Ile~Pro-Phe-
151 155 160 165 170
Bovine Pro-Fro-Leu~Pro~Pto-Gln-Pro-Leu~Pro-Pro-Met-Leu-Pro-Asn-Leu-Pro-Leu-Gln-Ala~Trp

B3 REHYT £ v ¥ = v O—REBBEOLE

Bovine v, 7xamy=v—RESE 5F&E19,350, Ser(16)idV vEB{L®
Comp-8 v, B3REDT i /KBS, FFE27,0002
Pig-G 7R, AREOT 1 BECT 85,0000
Human I e b, 338ED7 3/ BET SF£5,000%
HumanJ e b, 30BRED7 1 7 BET] SFES5,000:2
Pig 78, SAREDT I S RHRSEE, 5TE26,10010

73/ RME D TREREYE TS D,
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EFAAEVYAZEORY 7 v F — LPUEER
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BUDTHREIRE, 3—6 7ROV RiED=
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BEENERH IR, voBRRABTAYE/ 21
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R ERIGETR L, HEORRR7 Ay =y
L= 2 ) VIIEBORFEREEXRAEL Vb
OC, ThENELDHEED2 V2 BTHDE
ERRB I hic,

b= Yy (GFFET0000 ks R
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Gly. Proy,
/ nis”
Pro Gly
AN /

Met, ~Pro~Leu~] Pro - Pro]~His Try~Ile  Phe; Tyr Val
AVAAVAWAN

Asn Ser Gin Leug, ~Thr—Pro

Pro—Gln,,~Tyr /Tyr Arg  Met Gln  Trp;s~Lys—Leu

l \Gly \Ser~Pr035~Tyr~Pro~His/J \ / \ / \ /

Met—Gly Ilesy Ser Tyr

kS

Gly Leu His  Iley~Ile . Sers In ! ~Thr—Pro

NSNS\

Tr]ﬁhs His GIn

Pro — Val HASP — Glng
Glu His

PR
Pro—lle,, ~His~His~] Pro ~Glnes Ald”

Met—Val~Pro—~Ala;;~Gln~Gln Gln~Pro~Mety, ~Met~Pro~Val—Pro

Pro Gln
AN /Valso / Gln — Gly,,
Val \Pro
His
Glnyos Pro
N N\ ¢
Pro Thr Gln—Pro
\ /
Pro~GIn~Ile~Ser~GlIn Gln~Ala;g,~Pro~Leu~Pro~Leu—Asng
2 110
Glnyy,
Pro /

™ Gin Pro His~ ~Gln Val~Gln~Pro~lle~Pro~Phe~

~ .7 / [ ] 1
His Leu Pro—lle Leu

Leu

\ Gln,{ !

Loy — Gl Pro” Leu~Pro~Gln~
~ P 2 155
\r ° ___Pro
/His I/‘eu/GInlaz 160
Glny;, Pro 2 Prg
N\ ~

Pro Pro — Glnyao Met~Leu Asn

~
Gln,z, \ Leu Leuses

\ / Gln,,, \\
Leu \ Trpin~Ala~Gin Pro

Pro \ /

Leu

4 : Renugopalakrishnan 52 X » TR X hic7 £ v ¥ = v OBE = KD
Predicted secondary structure of dephosphorylated bovine amelogenin from the primary
structure reported by Takagi et al. (1984), using the Chou-Fasman algorithm. ( AWM ), (1),
and (~ - ~) represent g-sheet, 8-turn, and “unordered” structures. Ser (P) occurs at position
16. Polyproline-type structures occurring in Pro-Pro segmants are shown boxed in boldface.
A trans-trans conformation for pepitide bonds was tacitly assumed in the predicted secon-
dary structure.
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Y7 wF—APBERIIUDTIERL, =F A%
VA BOREILEHHERREALICREY TR
7 2wy = VI 55 FE28,000, 24,000,
20,0000 % v -2 7 BE A BWHARERIGE YR T
o, MEPFBERAFEREELZRELTCSHD
SHEEEL T\ %, Fh, =V AT Auy=vOi
FKrero7 Ay =v I ERPRTH, =
FAY Vv ERTERER W ERRT T
EXIkE)I—Western-blot ¥ T L 7z,

HIEREZEOMBEX Lau 5390 ERDH 5, T
Cle=wy AT Auar=vDcDNAD/7 v —=V
7 & DNA OEEFRFIZHRESI LD, 74mY
=VBEFDODNASATFT YV —FHY 7
AEE, DBEWIEIER T e - TR Y —=v S
L7, cDNA X » THRR I hicHERER
BEPEEOY Ty VERY 7 e - VHT 2
vy = VvHENS, ez b — TEIRE
THELK, ZOBRT7 Aryr=vD C-RKEHID
73/ BBEEIY 2 — VT2 v —vihHFE
BEXRELL,
5. 7AnY=vDERKE

Hov7rer=v—o3FRELTArn )k
A77 8 —E¥REB LR FgG e v o
HEFERA L ELISAEBTS5—500ug 7 A v ¥ =
VOEEE LTI LI,

TFANZ RS BOESHE & BIRTFREAT

1, =F A2 VA2 BOEEREFW
sEpER HHWEin vivo T BT 5 EBHE
BRC, BHEMRMTRERXERAL, 7Arr=v,
=F 2 Y VYANORDIRAKRFERILD, =F A2
VA7 BORBNEEHCOWTORETRDH
5. EH3HOT—AF AR -DERET
BEERTS) —2F4=vEitr—4—-21L<T
HRAR—F =4 AERL, BHEEEO L VALY
REHEA - LTI T 74—, FHED X
v @SR SDS/ REXZELAY 72 0 4
7 I FFABREL, TOTALART T TIND
RV A7 BOBBEYBEELILER, £15, 60, 90,
3605 D AN A0S F = —~ ALK, 7 Av =
VX605 THIBALBSEEFEL TV 5DRH
L, =F 2V vIRIFBA L=+ A AR &l
FALBREELR., 6RHOEET A vy =V
FFRESTFACT B, =+ 2 Y VEEOLESE
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BEHEEL Lo T 3,

Strawich & Glimcher®®i3 7 » + A L,
CCH) — %V v & CH)l —7m ) vO=F A L5
M HRAAEE~AD L IV RALOERNEY
NH,HCO,WE# v~ 7 @S D ERZKEIC X - T
BWBRLCER, 5F825,0000 2 v 7 EHEY
A SWMENRS Z ER#E L, Shimok-
awa & Sasaki®® b ABEOHELX T TW5. &
7= Bronckers & Woltgene*™i3~ 5 A 2 —F ¥
MoERRT, CH) —F 3 o vic X ki,
BH) — 7o) vici 8B v 7 BEDES
B, *Ca :3?PO I X 2 GRALEFFRA 4+ v (F)
BEEL OBIBENPHEL A RBNTHEEL
7o, FrIREML.31 mM Ll ECilk e, 7 2 »
FavORESREMH IR W3, F-MERET
552 uM T4Ca 3P0, D & hAAKidsEL T
kD, 7 Ay =vOEERIL F-OERNOSE
LRI b T A, BRETEE VA2
HoDWEEL TV HEEY RE Lk,

2. cDNA D7 r—=v 7 LEERFORE
Snead HVITEH 2 AD < v 2 (Swiss—Web-
ste) D =F 2 L85 mRNA hiH U, &Mk
BEFH=F 2V (Mr:62,0000 L7 ArY
=v (Mr: 28,000, 26,000, 22,000) o&EEx ¥
NESKE (NaDod SO,/# V7279V A7 I F)
E, (328)— 2 4 = vORFHERRES 744
BrF 74—k T AT AR = VOXRY I
F—rfifkcEELR., £2T, #YA—RNA
R L LHEERERICY Y DNAZEH, 77
A3 F=<7%—pBR3220 Pst 1 1 FIZHAL
To. EEUAIL (?2P)cDNA Y2 —FCRZ7 ) —=
v 7 Lt, 7 4n#=vDNA OEERIIBED
2w =—113%Thote. 7FAI FhbaAT
)y FEIRIC X » T 7 RNA EMRRR TER
L, EHR~RYART Aueyr=vDRY)7a)F—L
HETHALDMaS/S57 v—VvRT7 A vy =V
MRNAZZBIRLCWB R ERLL, Tk
D pMa5/5x=v 7 + SV AV—>a v, Sur
thern blot iz X b ~v A & v b OZefa{k DNA
7 2 ey =y DNADEEXRELE, D0
G, pMa5/50 DNASEXEFIXRET HcdH 1
A4 DNA 7 7 — 2 ~M13ic cDNA ## H2A X,
KBECRRE 3w, KEDO 1A DNA 2HBL
7z, MABREXSanger D> F A F v ETED
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Iale® EBEINT7 A us =V cDNA 7 = —
v, pMab/SOIEERFIIK 5 iR Lz,
BEEFIIEE=2 Py 2EL, 3 KBRS
THOMH, 5 RS EHE I RIIL T3 2
EB, T KRWRT ¢ 2 BAERFIO S S B h
LIRTWDBID, T~V AT Ay =y
BE7 ¢ 2 BI180BET, OF8i123,552Da &
B Shic, '
Shimokawa 523184 B OF4 () 0K H
TEOBE 7 2 v = v L= A VFHRBOE
B bR L7 RNA 2By, SFEM#27,000

FH.72vs=vi=rr) voi{h

DT ruyr=vo7 i/ BRESta—-FT3%
cDNA DIEHFRFIFREL L, KE_72 -2 1L
TAgtllx £ 8 L, 3,500fH o ¥ % Agt 11
TrT=U b T Aar vk BRLTWE S
T2 wBHE, O3B 28D s v—yv
AAml6& AAmlld cDNA % EcoRITH ¥ L
NH%mBK,%ﬂ&&buHmdMT%ELT
M13mpl8D@ELTr 7 v — = v /' B M HRA
2, MY Ch b CHEERL, 158
DNA*17Tbp D754 ~—7=-) v 7L,
Sanger bO T FA XL IV T Av v

CTG CAG GGG GGG GGG GGG GGC CAG

CCT
PRO

ATC
ILE

CAG
GLN

- GCC

ACT
THR

CAG
GLN

TCT
SER

ccce
PRO

cce
PRO

TCC
SER

ATC
ILE

CCT
PRO

GCC
PRO

CCA
PRO

cce
PRO

CAT
HIS

CTG
LEU

CTIG
LEU

TAT
TYR

CCT
PRO

CAT
HIS

CAG
GLN

AcCC
THR

TTC
PHE

CAG
GLN

GCa
ALA

TCC
SER

GGT
GLY

GTG
VAL

CAC
HIS

CAA
GLN

CAA
GLN

CAG
GLN

ccc
PRO

CCA
PRO

CcCcC
PRO

TAC
TYR

CTG
LEU

CAC
HIS

cca
PRO

CAC
HIS

CAG
GLN

ATG
MET

CAG
GIN

ATT
ILE

GAA
GLU

TCT
SER

CIT
LEU

ATG
MET

CAT
HIS
cce
PRO

CAG
GLN

cca
PRO

CIT
LEU

[€ef)
PRO

GLN

cce
PRO

ATG
MET

CAG
GLN

TTC
PHE

ccc
PRO

ccT
PRO

CCT
PRO

GLN

ATG
MET

CAG
GLN

GIG
VAL

CcA
PRO

CCA
PRO

CAG
GLN

CAG
GLN

CIG
LEU

GAG
GLU

AGC
SER

GGT
GLY

CAT
HIS

GTG
VAL

GTT
VAL

AAC
ASN

cce
PRO

TCA
SER

CCT
PRO

CTG
LEU

ATG ATA AGG

MET

GGA
GLY

ccc
PRO

CCA
PRO

CccTr
PRO

ATC
ILE

CAG
GLN

ccT
PRO

CCA
PRO

CCT
PRO

ILE

TGG
TRP

CCG
PRO

GCT

GGC
GLY

CCT
PRO

GCC
ALA

CTG
LEU

CTG
LEU

CTG
LEU

ARG

CIG
LEU

AGT
SER

CAA
GLN

CAC
HIS

CCA
PRO

ATT
ILE

CAT
HIS

TTC
PHE

GAA
GLU

CAG
GLN

CAC
HIS

CAC
HIS

CAG
GLN

CAC
HIS

TCC
SER

CCA
PRO

ccc
PRO

TCC
SER

GCT
ALA

cce
PRO

CAC
HIS

ACC
THR

ccc
PRO

TCC
SER

GCC
ALA

ccc
PRO

ATG
MET

ATG
MET

GG
TRP

TAT
TYR

CAA
GLN

CIT
LEU

GIG
VAL

ATG
MET

CAG
GLN

CAG
GLN

CAG
GLN

CAG
GLN

PRO

GCG ACA GAC
ALA THR ASP

AAG
LYS

ACC
THR

AAG
LYsS

CGG
ARG

GAA GAA
GLU

GTG
VAL

GAT TAA

GLU ASP stop

AAAATTCAGAAAATGAGAGAACCGAAGTGGATACTTTGGTTGTTTTTAGGAATAACTCAA

CACAATGATTTGTGCCTACAATCACTTAGTAAATTCTGTAACTAAAAATAAGTATCATTA

GCAGATAATAAAATGTTTGAAAAATCAAAAAAAAAAAAAACCCCCCCCCCCCCTGCA

(adenylation signal) (paly-d(A) tail)

5 :Snead bt X bREBESIhic~=v 27 2 v ¥ =y ¢DNA (clone pMa5-5) D% 7 v #+ ¥ FEEFI &
14BREDT7 3 VBRI | 5/ RKEBE = —~ FLTVB8UEEMNRIFC W A1 HWBBREDT  /

BREEshTuwigl,



B

7 3 2 BES|% 2 — ¥ 5 DNA OEHERII % R’
Lk,

38\ 1Aml67 = —vix700bp T, 7 3/
K HRBEHETCOT I/ BEa—- FTBEE
ARmMU TSR = ¥ v CRERES]
Thote, LHLTTREEPINTWET I/
BEF] (1T0BE) S HBLSBE, 7522 -L
LT139—163BFE > TPES, C—KRflr
128D miid o7, i, AAmI6E ~1 7Y

14(2)
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F4XTBH=7F A4 AFHMIADO mRNA 2472 < &
LA4BDOT Any=vka—FLTWBI LML
VR ERRD Y AVESRE LT AR Y =V OH
GHr s CRIEShie, 74 vy =V hiTYy
— M TTERELTCmRNAD vy v
AEETARESEYRLE, E5RTILRE
hHERC L D607 I CELLEDISTFE
45000y 7 Ary =vEa—FT5cDNA
DEEFIRREL®GE), LAWK, oW HHY

1
ATG
Met

21
ACC

41
cce

Pro

61
AAT

Asn

81
ccc

Pro
101
CA

Gln

121
CCT

Pro

141
CAG

Gln

161
CAG

Gln

181
CCT

Pro

-19
ATG

Met

CCT

Pro

CCT

Pro

ATG
Met

CAC
His

CAG
Gln

G CCA

Pro

CAC
His

ccc

Pro

CCA

Pro

CTG

Leu

CCG

Pro

CTA

Leu

CTG

Leu
GGT
Gly

GCC
Ala

CAA
Gln

AAC
Asn

CAG
Gln

CTG

Leu

CCT

Pro

GAA
Gln

Lya
CCA
Pro
AAG
Lys
GGA
Gly

CTG

Leu

CCA

Pro

CTC

Leu

cce

Pro
CAG
Gln

CTG

Leu

GCT
Ala

TGG
Trp

CCT

Pro

TGG
Trp

TGG
Trp
CAG
Gln

ATG
Met
CCT
Pro

CTG

Leu
cce

Pro

CCT

Pro

TGG
Trp

GGA
Gly

CAT
His

TAC
Tyr
CTG
Leu
CCT

Pro

ATG
Met

CTG

Leu

CAG
Gln

CIG

Leu

CCG

Pro

CCA

Pro

CCT

Pro

CCT

Pro

CAG
Gln

CAC
His

CAT
His

CCA

Pro

ccc

Pro

CCT

Pro

CAG
Gln

ATA
Ile

GCA
Ala

TGG
Trp

GGG
Gly

AGC

Ser

CAC
His

CAC
His

GTIT
Val

GCC
Ala
CAC
His

cce

Pro

TTC
Phe

ACA
Thr

ATT
Ile

CAC
His

ATG
Met

CAA
Gln

CAC
His

CCT

Pro

CAG
Gln

CAG
Gln

CAG
Gln

ccC

Pra

GAC
Asp

TTG

Leu

CCT

Pro

ATA
Ile

ATC
Ile

ATC
Ile

GGC
Gly
CAG
Gln

ccC

Pro

CCA

Pro

ATG
Met

AAG
Lys

-10
TTT

Phe

ot

Gly

a2k
Arg
ath
Ile

71
CccC

Pro

91
CAA

Gln

111
ccC

Pro

131
CTG

Leu

151
CCT

Pro

171
CAG

Gln

191
ACC

Thr

CGGGAAACTCACTGAAACGTGTGTTCAAAGGGCT

GCC
Ala

TAT
Tyr
CAC
His

cce
Pro

ATG
Met

CAC
His

TTC
Phe
CAG
Gln

GTG
Val

CCT
Pro

AAG
Lys

TGC CTC CTG

Cys Leu Leu

ATC AAC
Ile*Asn

TTC
Phe

CCG TAC CCT

Pro Tyr Pro

GTG GTG
Val Val

TCC

Ser

GTG CCA
Val Pro

GCT
Ala

TCC ATG
Ser Met

ACT
Thr

CAG CCC
Gln Pro

CAG
Gln

CCC CTIG CAG

Pro Leu Gln

CAC cCC
His Pro

ATC
Ile

CTG CCC CCC

Leu Pro Pro

CGG GAG GAA
Atg Glu Glu

GGA
Gly

AGC

Ser

TCC

Ser

CAG
Gln

CAG
Gln

CCA

Pro

TCC

Ser

ccc

Pro
CAG
Gln
ATG

Met

GTG
Val

GCA
Ala

TAT
Tyr
TAT
Tyr
CAG
Gln

CAG
Gln

AcCC
Thr

ATC
Ile

ATG
Met

cce
Pro
CTT

Leu

GAT

GCC
Ala

GAG
Glu

GGT
Gly
ATC
Thr

ccc

Pro

CAA
Gln
CAG
Gln
CAG
Gln

TTG

Leu

CCT

Pro

TTC
Phe

GTG
Val
TAC
Tyr
ccc

Pro

GTIG
Val

CAC
His

-1
TCT

Ser

cfl

Leu

iR

Glu

ckd

Gln

80
GIC

Val

100
CAC

His
120

CCG CAG

Pro

ccC

Pro

CCG

Pro

GAC
Asp

Gln

140
TTG

Leu

160
CCA

Pro

180
CTG

Leu

TAA AAGATCA
Asp stop

GAAAATGAGAAGAGACCTGAATAAATACTTGGCAGTTGCTTTCAGAAAGACACAAGAACACAAAGATTTTTTCCTACCA

CCACCTTACTTAGTAAATTCTGTAACTAAAAATAAGCAAACAATAAAAATAAGCAAACAATAARAACCGTTTAAAAATA

CAAAAAAAAAAAAAAA

X6 :

Yo7 Ary =y cDNA OBEERESE FhrbiEEshsd 7 ¢ VBEN : FHRFW IR

FAnr=vONKER1EL, Y7/ FARTF FTE<A FRAFERORTELE,
* B X CHHFhFh N-linked, O-linked glycosylation DF§EMED B 2B/ R LI, ¥/,
DY ik ) VEMLERTWBWERL BB, +—~—F 4 v TRL AATAAA DRECSIIZ

RV AT FALTCHD,
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BANDRE D I LI WTERER RN, 7 A0y
= VRROFERANDBER T - 1o,

IFXIWVEDARKRILEZF ANE RO BOKER

EF AN LSBT A VEREROB
R, BREMFICH 230 B o T B ILERE
WEIBETH B, = F AN EROTRIZT A v ¥ =
VEZFT AV ENS 2BED R VS s BRELE
Lisid hid7e b s RIS SIEE S e i iU e
bicus,

TRET7ARE =D FrFoTAR4L FAD
B DIRRE & B E~OYEIFR I Wikt
R, =F 2 VFHRPLHUWENLT AR5 =
v (25K) EESFHER 60—90K) 12k Frx
YT REA P ADFRCEHFAMEEIRL, BB
(Ca**)’(OH™) (PO, )3*=7.45 X 10" T4 & D B
REHELTWBZ Edibhote, LA, B
SOBENTKWKDT Ary=viie Faixy
ToREA P NOBREHIETL, BHRELTHE
FBHEDRL ehotc, BEDpH 36.0L7.4TH

o
‘+66A
w
in & 5 7 9 2
P
683 4 b
r ok
I
613 4 | I
5834 : b
g
[
|

290 -1

220 A

32 PLANES

1

R s T T T —7
152331 48 64 80 105 182 261 tin R
| T —T T T Fo e e e

[} 50 100 200 400 pm ENAMEL DEPTH

¢ “Sheath” noticeable and included in measurements of crystallites up to a thickness of 19 or 20 lattice planes.
This “sheath” is no longer noticeable in the mature enamel crystallite presenting 32 lattice planes. ¢, thickness;
w, width.

E7Itk%%lffwﬁnkﬂb%%DWEfgikﬂ,#4X®Ek©ﬁﬁ®m
@r—Ax%ElD%i%%mn@&EO%%(Wﬁﬁ4X>MA(Eéb@%ﬂ(ﬁ)
@bF—2aAFERY B LE200um DEEBEDRES CEHY 1 ) 1054 (E&)X580A (18)
QHEHEDOTR Lic=7 2 VEDOKS (Y1 2) 2614 (EX) 6834 (15)



[AYN: 73
H pH7.85 5\ M210.8TIRE T bigh - te, DWW
Xhic7Aryr=v (25K) b= 2 1rEF
RAFAHERTVBZ ERFE LI, —F, 74
ryr=vizrFr Y UREHAL, BRERERES
RREERICOWVWTOHRENRD 34519, BoOi
R, ThbbiEgt) vBIrsy A (ACP) ©
HREs LT 3 RN E R ELTERE OBK
Aoy a1.3mM, BY viEl.0mM) &7
2wy =y (GF&27,000) #0.6uM GFEI S
LERIHSBHLE LD, MBI HbIES
Wy vBAILY Y AOERTYEETS, =F 4 )
V0.6 U MBFETHHEEOERIE, 7Any =
vH2.5 M EETIHECELLTE Y, ACP
DEREH 4 EEHETS, fRoEERSW
CRT7 A ey =y (FFE,000 2 MBEEF
T3 ERRBIZL BN, BREEFAIF ST
B, =F A Y ViR ESIMEI RIS
v FAREROYE=F ALVER P — A ADR
‘b hFh25,250,500 yum Oz BT B
ROREYBEFERE CREBLLFRY TR, &
SR OIREAFRT ) X2 RET 58
B 7) T, BEIEEQ@EmDY Y oftHEI1240
2 B558 1A T B, R O FHE BT
s, EhicEGomfilicrhFh3. 3 A0E
T "B YBEELTWAY, ERboRElE
IELBRRETE " QBT E ks, O
AIZBAL, Daculsi & Kerebel i3#5REETES
FRLGELI-ATERYD 2 v 2 7 Bz S5 7]
BB RT B, ZO@MNT A ey =vigES
 LEBFEE DI RERLAGL, HhER
Be7 ey = v HEATIERERL KT
EEZLND,
—F= 2 ) VISR R E RO OBLS D
Hhislz X v il THREH D5 EEER
L, BRAVEENERECBRELEE LD,

Bbhic

=F A NVEEVRT 2 5 WEREY b ole=F 2
AR, B=F 2 v EEAR»SH LT B,
TrAuvy=vikzF i) EWIEBRAE v
7ERZOMBMAEERL, =7 A AKXHOEK
DIBRFWEND, FE=T A VEIIIT20% D
D& v ERFETHH, ARAEPET LIcE
HWETE 1%L TR v 7 ERRETHIRY

14(2) 1988 151

s, =F ARV A7 BRI OBPBRTHELORK
EYFAELTCV50THA 3.
TARY=VIRT I JBHFITORE, HB Vv
180 &RLTI L -5 FE#920,000C, 7= Y (W
30%), FARIYV, sfrv, ERFOVEEN
BV, =F AV VEGFENRT A =VIG
<, 73 /EEERIEEL, RETERGENS
b7rar=2vEiRRBEVAAIBAEEZDR
5, TrYIVERBDOEW R VAZEOHIELT,
25 —rFUNRIFLRBN, 25 —-rURERN
ZE~Y v 2 ABETHBOIKL, TARY
=vid 7oy vEEIZLIB -~ L, g2 -V
BELHSN% BT, RN REEYTR T2V
RI7HETHD,
BRFORTr I vERF VA7 ERE L]
FNEVRRTF FhkFs7 ey vEREDOR
EERIEREL, =FAALEVR2EL O
By DIV EEDIT e ) vEFHL, T
F KRR vy BRIKGRT HERCELLEF
BIFRETIRo TV 5,
FEROEBIRFIACBE VL, BRB0oBYRLE
3.
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