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Fig. 7. Schematic representation of hypothetical mechan-
isms underlining the role of mechano-sensitive ion channels
(B9) and cilium structure (C) to odontoblast response under
stimuli. Odontoblasts may operate as excitable sensor cells
whose excitation is transmitted to nerve fibers (nf) and
conducted to the trigeminal ganglion (TG). The question
marks (1, 2) refer to the remaining open question of the type
of transmission of excitation from odontoblasts to nerve
endings (intercellular communication? chemical synapses?).
Identically, the question marks (3, 4) concern the putative role
of primary cilia in the regulation of the architecture of
primary or secondary dentine formation as odontoblasts move
centripetally toward the pulp core (black arrow) throughout
the life of the tooth. Pd, predentine; TW, terminal web.
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Fig. 1. Exansples of homoplasy i the desmal skeleton: similarity in shape bat difference in strocture. (A, B) Scanning elecuron

micrographs of (A) odontodes ormamenting the body surface of the cardhark, Solaachivas canionls, asd (B) postcranial dermal

plates omamenting the body surface of the gasterosteiform, Notypegon wmssoma. Note the similar shape and orientation. (C, D)

Fopemethick sections of (G an odontode of a i-month-old cmmbeyo of 8, cavanle, and (D) a posteranial dermal plate iV smssena

The adontode shaws a dental structure whercas the s s companed of bone matrix ondy. bhen, bone matnix; d, dermis; de
od, odontoblast. Scale bars: A, B, D) =50 gm; C= 10 jam







Kaspy jsou generovany enamelovymy uzly;
nemaji vSak specificky geneticky kod - to, co je dulezité,
co je selektovano, je celkovostni tvar

]I’I/?Ihl/ll?g’ cnamc/ /mols

ectodin (ak.a.: Sostdcl, USAGI, v a BMP anta nber of DAN/Cerberus family

Developing (E16) Erupted

P . *Ectodysplasin +%_

W

wild type

\\.B'* . i s K14-Fda
SRR s Satiwe
= b =~ M i -

’»-—"_ »n

.

I
-~
-~
e
o~
g
~
e
~
~

~
~

Tabby

Ectodysplasm —m  Tekd e (0,12




Inhibiting enamel knots

Sostdcl, USAGI, wise), a BMP antagonist, member of DAN/Cerberus family

ectodin (ak.a
Developing (E16) Erupted
4

oy
!

wild type

ectodin -/-




Mok O

s ¥

o

ED14S ED13S

Fig. 2. A wheme of the cotmeculinve sngin of toath
primordia 0 the mouse cheek regwon. 1o each manilis A)
ad mandble B, the individual testh primarda are
proventied on freetal sctions (i) and thair haostion in the
mound of deatsd epitheliam » bown froms sagitial sepect
irght). Theve distmct structores consecstively develop along
the antero posteriar aues 1o sack jJaw: Al embeyoroc day (ElN
125 the anterior large diastomal bad (R1 and MS—in black)
cmwrpes = the maxills and mandible, respectovely. AL ED
135 the posterior large distemal bod (R2-durk griy) &

conapicuous i both jrws, whide Uhe sntorior buds (K1 and MS)
alrendy regress. AL ED 145 o oo of the fest oler (M) light
gray) Alferentines. The R2 degeseraios in the maniba
(Peterhonve of of . 950, whide & s Incorporsted snd participates
n the formation of the anlerice part of the ML in the
mandidle Virtot ot al, 20000, The homology has been
proposed bDetween 1he lurge disddermadl volipe and the
structeres related in the ltorature %o wgnalisg cenders of
ED 125 and 135 (Peterkosa of ol 2000, 2000







Odontis is developing a biclogical replacement tooth product - the
BioTooth™.

The research is lead by Professor Paul Sharpe at King's College
London Dentsl Instityte, Mg toam has demonsirated that tocth
development can be inltiated in stem cells, and that fully formed
teoth can be creatad in developmental models. This is plengering in
that it represents one of the very few examples of a fuly integrated
tissue engineered organ,

The technology opens the potestial for the implantation L™ INCSS
of cultured cells in patients to grow and replace (AN
damaged of missing teeth, LONDON &2

Odontis has attracted over £2 million of funding to date to progress the technoiogy to commercial development

Qdontis Limited
Telephone: «44 (0) 207 486 7456 ~ Emad: mail@ odontis co.uk
Company Registered in England numbey: 04226185
adaress: Sulte 4, 46 Dorset Street, London, W1U 7NS




Fig. 9. Lower gro with epithelinen removed (a) and radograph (b)
of the same spocescn of embeyo gray reef shark (C, amdimhymos)
Regular tooth fies are shown cxh in hne with segle fusd
radunentary tocth (tooth shands, boyvond the curtilige marpn)
and space between these wsed (o Increase in stz of kater 100th
hases, but nonalicreation of tecth




Fig. 2. Roprosentation of sooth whorls in the jaws of fosal and
otant fish, amenoe 10 the Kkt m a< () scanthodias (b)
chondnchthyan, one tooth =1 10 2 modem shark wiuh separale
tooth basex; () sarcoptorygian (d) oac row of lungfish sooth-plate
f¢) Phanmgeal pomnad demile sct from early  stethacanthad
Awomisnon Zongerly, & pamutive choadnchthyan. (1) Pharyngeal
renad denticke sot of 2o agnathan, the tholodont Logame®a rcotios
{(£g) One toodh st from the fndled shark  Chfamrdhosedos
anpwinens, five Feectonal socth (1 tecth) are locked together with
spocm] amtachment regaom, one s outade the odpe of the jJaw
(stsiodost 1ooth), two developeng tocth are Bofow the hingual
epwthelimen (soc Fig 7). Sosrces for deawags i a-< are Denison
19790 Rat (19760 MonsThomas and Mibes (19710 Smesh (1985
and Sesth and Coates (200 )

Fig. 2. A: Tooth sets along the lower jaw of the chondrich.
thyan Carcharhinus melanopterus. Note staggered or offset posi-
tions of tooth sets, particularly with regard to the alternation of
the functional teeth at the jaw margin (func.teeth). Scale bar =
1.0 cm. B: Denticle whorl of the agnathan (jawless fish) Logane/
lia (Thelodonti). Scale bar = 1.0 mm. Adapted from Smith and
Coates (2001: fig. 14 1H). a.marg. active margin of dental lamina,
site of most recent tooth preduction; small dentine tooth cores




S-Elements: In the imape of an Alogaashodus nateral assemblage at right, the S-clements are the loog,
rod-like boacs with straight, wansverse pecinale %eth and a sont of pick-axe at the amenor of rostral
eod, Moee gencrally, S-clements are froquently carved, as in the Mannicodepis moded below . However,
they are alf relatively simple in shape, relmively gracile, and with srong longitudinad asymmetry, the
base being located much closer 1o one end than e ofher. Each comodont has 4 or § misroc-mmage pairs
of S<lements, numbered S, %0 S, or S¢ In addition, each conodont possesses a symmetrical, unpaired,
medsan Sy ckment, shown as green on the figwre on B kefl. The S; b an unpaired, biinerally
symmetrical, modial element which is effectively at keast rirumons. Two of s branches create a stout,
transverse, paarale bar across the bosom of the mowsh, dentickes facmg wpward. The S-clement
numbering system is symmetrically amanged around this S, clement, with the fing element 1o the left of

M (he S designated S,*, the first 10 the right S, and so on (with Be superscript designations for sinlsser
and dexrer)

M-Elements: Conodoats have a single pair of M-clements. These ase only koosely coanectod 1o the S
assemblage and appear %o have been attached in the mouth cavity on s doesal oc lateral surface.  Their
shapes are froquently complex., vagoely reminiscent of anything from a seachuck to a dart. While the
M-clements are structurally obscure, their functional roke is cleas. They are the fork which held the food
item in place as it was shiced or scooped by the S-clements, which acted as 2 combimation knife and spoon.

P-Elements: The P-elements ase the stout bones at the right of the right image. the keft of the keft image, and the bosoen of the bottom (Mawicoleps) image
Contrary o everyome's expectations. they appear 1o have been onented vertically . with the two sets of dentickes facssg and. in fact, mterdigitating as shown
in the Idiognamhodis natural assemblage.  Purnell has produced convincing SEM images showing regular wear facets. The clear mmplication is that, af least
in kdognathodys, the Iceth occluded i a regular and peecise way. High resolution images of these facets mary be foend at Wear 00 copodont clements
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Fgure 1 Anatomical interpretyton of Aaicuel ncsotata ([pen. of sp.nov) fom Malou,  glands; Es, endostyle; Esp, oesophagus; G, gorad; o, head, M, heart: I, intestne,
el Kusming. ADOraviations (s used in Figs 2-41 Abv, anterior branchial vessel. LD, kobated structures; Le, lerdl oye; MO midgut; Mm, myomares; Mo, mouth opaning: . ’
-

An, anus: A, anterior projection; AL afrie; A, africpone; Sa, brarchial arches; Ms, myooepta; Mw, medan wall; N, newral cont: M, notochon, #h, pranyrgeal cavty, | I
Bat, branchial-anch-Slamentat; 87, bran; Buc, Duccal caviy; Co, copuliiary organ; 1. terficie Mg structure; Va, vental aor VI, vl #n - ‘!I 3
Cp, Cauds progect; Da, corsal sort D, dorsal fin; D, denticulr structune; £g, endostyle AN
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The Keratinised Teeth of Myxine
glutinosa. A Histological, Histochemical,
Ultrastructural and Experimental Study'

J”m!'/” Dawson Department of Biology as Applied 10 Medicine, Middlesex Hospital
Medical School, London*

(Received Septesnber 1967)

Fig. 1. Drawing of the ventral surface of the
head, showing the mouth with the Hngual teeth
ot the extruded denmtal plate, the nasohypo-
physial opening and four pairs of barbels. The

position of the palatal tooth is indicated. (X 3.)




A new perspective:
collaborative interactions of ep- & NC-GRN’s

epGRN
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Gene networks, neural crest and the advent of vertebrate dentitions

G.Fraser, R.Cerny, V.Soukup, J.Streelman: subm)



Fig.3. Examples of tooth morphology in lssamphibians, (A, B, C) Tooth shape throughout ontogeny in the caudate, Plavodeles
waltl. (A) First-gencration tooth in a larva, stage 44, The wooth is monocuspid and the dividing zone is lacking, (B) Third- (left) and
{ourth- mhl generation tooth in a five-month-old, postmetamorphosed specamen. The teeth are bicuspid and the dividing zone
is visible, (C) Detail of the tooth tip in an adult showing the two cusps, The main cusp s lingually onented. (D, E, F) Teeth
in C\nulw;klun.i (D) Typical woth morphology in an embeyo of Geotrypetes serapbini (Jeft) and in a foetus of . Nectocaecilia pelersi (right).
(E) Adult tooth in Hypapeophes rostratus, (F) Adult tooth in Geotrypetes serapham. ((G) Adult tooth in the anuran Bombimae bembina (Linnacus,
l/bl. D modified from Parker & Dunn (1964); E, F from Wake & Wurst le"q, G from Clemen & Greven [1980). Scale bars: A, B,

DG = 100 um; C = |10 um




Fig. 13. Tooth resorption in Plaurodeles walll. (A-D) Scanning electron micrographs of teeth subjected to resorption, viewed from the
lingual side. Note the numerous, well-<delimited lacunae at the resorption sites, revealing the location of the osteodasts. (A) Adull
Resorption has started at the level of the pedicel. (B) Adult. Resarption has extended to the whole surface of the pedicel. (C) Ten-
month-odd specimen. The pedicel surface is highly resorbed as well as the base of the crown, where the pulp cavity has been
opened. (D) Adult. The tooth has been entirely resorbed, but most of the pedicel remains. (E-I) One pm-thick, vertical sections of
teeth subjected to resorption. (E) Larva, stage 51, The surface of the pedicel located close o the enamel organ of the replacement
woth is subjected 1w resorption. (F) 12-month-old specimen. Most of the pedice] has been resorbed and two large, multinucleated
osteoclasts are attacking the base of the dentine crown (arrows). (G) Eight-month-ald specimen. An osteoclast has penetrated the
pulp cavity and a large part of the dentine crown is resorbed. Note the decalcification of the dentine matrix prior to resorption.
Another osteoclast is apposed onto the surface of the dentary bone. The cells of the enamel organ of the resorbed tooth have not
retracted (arrow), while the dentine crown they were covering has been resorbed. (H) Larva, stage 48, The resorption of this first-
generation tooth is well advanced. Note that a single osteoclast is invalved in the resorption of the dentine cone and of the
attachment bone, simultancously. (I) Larva, stage 52, This first-generation tooth has been resorbed, but its tooth tip is still viable
(arrow), entirely surrounded by an osteoclast, Scale bars: A, B, C = 100 pm; D, H = 20 um; E, I = 10 pm; F, G = 50 pm. abx
attachment bone; bv: blood vessel; db: dentary bone; de: dentine; eo: enamel organ; oc: osteodast; oc: oral epithelium; pe: pulp
cavity; pe: pedicel; rt: replacement tooth,




“ Fig.8. Schematic representation of the development of a tooth and its successor in a generalised lisamphibian, Anterior is to the

8 7, left. (A) Morphogenesis and early cytodifferentiation. Originating from the basal epidermal layer of the oral epithelium, the primary

" AL dental lamina extends into the subjacent mesenchyme. The distal region of the dental lamina interacts with mesenchymal cells and

forms a cup. The epithelial cells differentiate into an enamel organ, which further differentiates into an inner and an outer dental

epithelium, (B) Late cytodifferentiation. Mesenchymal cells have differentiated into odontoblasts, which deposit an unmineralised

matrix, predentine. The latter mineralises to become dentine. Facing the latter the inner dental epithelium celis differentiate into

preameloblasts. (C) The preameloblasts differentiate into ameloblasts and deposit the enamel matrix on the dentine surface. The

dentine cone elongates due to the activity of the odontoblasts and the pulp cavity starts to form. A secondary dental lamina,

originating from the upper region of the outer dental epithelium of the enamel organ at the posterior side of the tooth, extends into

the mesenchyme, (D) The wooth has elongated and its tip is close to the oral epithelium. The pedicel has started to form at the base

of the crown. The pedicel 1s separated from the dentine cone by an unmineralised region, the dividing zone. The secondary dental

lamina has extended deeply into the mesenchyme. (E) The tooth has attached to the supporting bone through its pedicel and its tp

has pierced the oral epithelium. The tooth is now functional and its replacement tooth has started to form, Note that in caudate

7 Jarvae the development of the first-generation tooth differs in that enameloid is the first matrix deposited by the odontoblasts, before

D dentine. Modified from Kerr (1960) and Casey & Lawson (1981). am: ameloblast; de: dentine; dl: dental lamina; dz: dividing zone;

en: enamel; ide: inner dental epithelium; od: odontoblast; ode: outer dental epithelium; oe: oral epithelium; pe: pulp cavity; pde:
predentine; pe: pedicel; rt: replacement tooth; sb: supporting bone.




Fig. 11. Tooth development in an anuran, the pipid Xenopas larmes. In contrast
metamorphosis. (A, B) Tadpole, stage 59, ventral and lateral views, respectively. 1§
at this stage. (C) Tooth pattern in a tadpole, stage 59. As in most anuran species
pm-thick vertical sections of the upper jaw of tadpoles (stages 54, 58, 63 and 65,
of first-generation teeth, from initiation (D) to attachment (G). The arrow in E
The arrows in F and G indicate the previous Jocation of the enamel in th '
Developmental stages are as in Nieuwkoop & Faber (1956). A, B modified from )

Scale bars: C = 250 pm; D = 10 pm; E-G = 30 pm. de: dentine; do: dental ory } :
dental epithelium; mb: maxillary bone; od: odontoblast; oe: oral epithelium; p
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The pharyngeal jaw apparatus of R. vacca. UPJ = upper pharyngeal jaw.
LPJ = lower pharyngeal jaw. Together, the UPJ and LPJ shear gastropod
shells into tiny fragments, allowing digestive enzymes to break down food,

which would otherwise be protected by an intact shell and operculum.
Photo by Jeff Jensen.




ALIEN-LIKE ATTACKERS

The moray eel has a second jaw that launchex to kill prey

The jaw rests in the eol’s throat ..,

. 2d §s ausched forward to grasp the prey and belp move it down the
csophages
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pharyngeal jaw apparatus in cichlid and labrid fishes
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Cichlidae .\

M d the skull in the Ctdm“o (o-h) ud Labridae (-p). (0) Wn\m«hw
mycrophthaimus, 8 pisovore, (B) Maplochromis euchius, » digoer in sand, (<) Lablochromis velicans, &
picker of sl acthropods, (d) Ledhrinops brevis, 8 dgger it sand, (e] Pelrotepd Indentiper, » rock
wraper, (f) Labeotropheus funlebory, an algai-eating rock scraper, () Maplochromis simills, & el
chopper, (h) Genyochromis mento, 8 scale eater, (|} Cheinus codebious, feeds on smal fahes and
nvertetrates, ()} Memigymaws melapterus, feeds on Rvertebrates in sand, (k) Anampses peographicus,
Seeds on small hard-shelled inverteSoates, (1) fpdulys insidator, enguify crustacesns and smal fshes, (m)
Chlorurys microrhinos, feeds o0 the epithic Mgl matrix of coral reefs, (n] Sphonoprathus argyrophunes,
feods on small Invertebratos pickad from weeds or the wubstratum, (0) Gomphosus variss, feeds on smal
terthic Crustaceans, (9) Labrichthys uniimeatus, & corslh-polyp eater, Drawings of cchiids modified from
Fryer & les [59)

Mabuchi of &l BNC Evolutionary Sology 2007 7:10 oo 10.1186/1471-2148-7-10
Downioad Juthars” origingl image
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Dorsal view of —> <«
lower pharyngeal jaw

Diagrammatic representation of the principal components of the specifically modified PIA of
cichlids, Red elements are the upper and lower pharyngesl Jaws, The muscies organizing the PJA
{pharynged Jaw apparstus) are represented as biack thick ines, and the principal drections of force has
teen Indicated by arrows, The drawing modied from Liem & Greenwood [32]. Numbers indcate three
major festures of the specialand “labrosd™ PIA: 1) the left and nght lower Jaw slements are fused into &
sngle stracture, 2) the lower Jaw s suspended In & muscular sing that runs from the neyrccranium to
the posterior musouiar arms of the lower Jaw, and 3) the upper Jaw slemaents have » darthrotic
articuiation with the underside of the meurccranium,

Mabuchi of o BMC Evolutionary Siodogy 2007 7:10 doi:10.11846/1471-2148-7-10
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FIG. 2. The bones and smsscle that operate during an adult teleost leeding strike can be thought of as functioning
ke a serves of fairly modular but inter<connected mochanical systems. A map of the numerous links (haroy bars),
joints (opem circles), muscles (hashed lines), and the general direction particular elements move (arroses) during the strike
for several moechanical Jevers and inkages in the teleost skull are diagrammed. The morphology of the neurocransum
(red), hyoid (dark gray), r«ctoral girdbe (purple), opercular seres (orange), suspensorium (wllow), lower jaw (ight M),
antenior jaw elements (dark groen), and pharyngeal jaw elements (hight gray) are depicted in different colors. Although
the elements comprising the particular links and muscles are described in more detail in the text, a basic overview
of how the lever systems operate is given here. The feeding strike is initiated (2) as the skull is pulled posteriorly via
the ssmple Jever-like cranial levation system. As the neurocranium rotates upwards it pulls open the hyoid four-bar
lnkage system, and the sternohyoedeus muscle fires resulting in depression of the hyoid linkage. The depresion of
the hyoid results in exparsion of the buccal cavity and in many fishes (b) the initiation of the movement in the op-
ercular linkage. As the opercular series is pulled postersorly, tersion is applied 10 the nteropercular ligament con-
recting the opercular series to the lower jaw. The lower jaw opening lever system is then depressed and rotates ven.
trally. The rotation of the lower jaw inputs motion into the anterior jaw fous-bar linkage (¢) resulting in maxillary
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A Segmentediand ancient pant o therskeleton

Shu et al 2003







Il Cranial skeletal systems are independent
and non-interchable !!!

Viscerocranium (Pharyngeal arch skeleton)
naryngeal cartilages from NC cells that later ossify

A

Dermatocranium (Dermal skeleton)

- elements that arise directly from dermis
(either of NC or mesodermal origin)

Chondrocranium
- cartilage and later bones from paraxial mesoderm

Dentition:
- teeth developing from epithelium/mesenchyme interface

In development - embryonic cells are non-interchangeable
In evolution - they are non-interchangeable skeletons

Location of induction and patterning information:
from ectoderm, endoderm or notochord - mesoderm ?
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axolotl, Development 2000; lamprey, Development 2002
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Evo-Devo aspekty onto/fylogeneze
Celistnich/bezcelistnich elementu

RGzné druhy celistnatct s odliSnymi variacemi celistnich elementt
maji zrejmé odlisné topografické konfigurace kondensacnich center
bunék n. listy.
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Evo-Devo aspekty onto/fylogeneze €elistnich elementu

Klicova vyvojova synapomorfie celistnatcii bude zfejmé vznik
Celistniho kloubu mezi dorsalnim a ventralnjim elementem,
nicméné VZDY v ramci ventralni domény (kompletni set DIx genu;
Bapx1, Gsc, apod)

Axolotl, FGF8, Cerny et al, Dev. Biol 2004b



