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‘actives: Correletion of the structure of the mentle and the
perioastrocum under normal growink conditiona snd experimental siturtions to ascer-
tain more precise informetl:n on the elehoration of this protein matrix; tests for
various ccmponents of the mentle sand periostrscum, an asttempt to scscertein intor-
relations »etween structursl comrosition of the mantle, periostracum, and the

mineralizrtion cf this structure by the use of isotopes and histochemiesl t=sis,

Summery of Results: July ., 1953 - Janurry 20, 1954

I, Electron Microsccoy

During the past zeversl months spccimines of the crgonic metrix of the mollusc
shecll have heen rrevered, sectioned ~nd photogiephed with the elcctron microscops.
This operstion required a considershle nmount of preliminery explor~tion in tech-
nicel methods before srtisfactory preperrtions could he obteined. The mcterisl
cxomined consisted of o numher of diverse spocies £nd seversal developmentsl stages

of this tissue,
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The mntri> or periostrrcum of the mollusc #hell rppenars rt high megnification
to he ccnposed of a fihrous metorierl (schleroprotein) which is lecking in any cher-
acteristic structurrl ferturras such the perfodicity chscrved in collegen fihers. ¢

A study of thie tissuc ghows thrt eech differcnt specics thus fer evamined has
a unigue atructurel prttern. For exsmwple, the errongerent of the periostrocum of
Venus merceneris is oviously different rnd cherreteristic whon comprred with o
moember of the mytilve £arily, such 78 Fyvtilis edulis which 1e rlso ch-recteristic
of this pegticuler asresi~s., It wculé opperr from our studics ns frr es they heve
been ecrrried, thrt diffcrernt specles of moulluses exhibhit chrrreteristic specificity
in regrrd to the structure of the periostreecur, & finding which ray be utilized in
texenomic studies in the future. Further, r perallclisrm exists between the specific
differences exhihited in the structure of the periostrecurm snd the ohscrved differ-
ences in the structure of collagen fihrils which hrve heen exarined in a wide

variety of enimels.

1I. Free Amino Acid Deterrinntions of Molluse Tissucs:

Our interest in the orotein componnnt of erlcifying nncd crlcifylng tissues
prompted us to undertrke an nnelysis of thc free amino ~cid composition of several
rollusc tissues ~nd orgens. This study was crrried out by merns of two-

direnstionrl poper chromatogrophy. Some of the results obirined in this study sre

shorn in the folleviang teble:
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Compering the veriows orgrres rnd iissues in regord o frec amino scid compo-
'
gition, the drte show ¢ zcinrtively lrrge number of rmino nclids to bhe present in

the mollusc muscle, relctively few in the gill, nrntle ond hepato-pencreers, and

only thres cv four in the periostracur. Tho number of free arinc scids present in

the periostrrcur ore ruch fever in nurber then the observed amino ~cids detected

following hydrolysis.

III. Compsrison of scme frctors observed during norrrl grovth, reprir and

iema

Tn 211 three varieties of shell constructicn the brsic mechrnism for elebo-

sa3ten of shell is sirilrr., It consists of the elsboraticn of - preotein motrix

nod @ rinecreiizeticn of this suvhsirice.

Durirg norral grovih, e protein matrix is elebersted by the free rmentle sur-

ce~

fooe aud porb of the surfree lying edjscent to the shell. Both the priswntic and
naereus nersionz of the shell ~re lald dewvn

S+ees concerned with the rasenerrtion of the ghell wos observed following

L]

remoral of prris of the outer mergin and shows thet shell does tend to grow to its

origine) size ond shrpe. The rcgenersted shell hes the corpesition ~f the pris-
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metie or outer layer. In other words. the regenerrted shell is 3erived from those
pirte of the montle evelusive of the eren betvecen the cuter ond irmri e fold of the
wentle,

Reprir phencmens 3tucied by mecns of sttrcchine pless windows “ . -recs in which
the shell ves removed £nd nlsc hy merns of the "montleo-cover 51ip tecimigue” indi-
cetes thet repnir in vrriecns prrts of the shell ern »nd deocs troke ploer dth o 75te
which depencds upcn environmentel frcters nnd species diffevences, In repeir cf the
shell, we heve ohserved thet the chisf zource of crysteline meteriel dencsited is
derived frem emoehocytes. These cells oppesr nt the site of injury (er frritntion)
in lerge numbers, frhrierte minute crystrls, ~nd extrude them upin ¢ substrate.

The crystnls subseocuently forr crlen-gpherites, regulrr or irregulrr crystrl forms

nf eventurlly repnir the demoged ares effsctively.

(V. Higtecheristry:

In cur ﬁistochemicol studies ve hove eticmpted tc cscertein histochericrl
lccotion nnd sequence of events as they appeer %o be releted tc the fermetion of
the mineralized shell.

. Exarining the scurce »nd ccmposition of the metrix, we hove ohsecrvaz® the

i fcllcming: The motrix is a pretein, roughly divisible into nn seidephilic ond o
“ascphilic fracticen. In the form-tive stnte vo chserve in scome of the secreting
sells the simultrneous cccurence ¢f phosphetcse, ritcnucleic acid and complexes of
acid snd mucopolysnccharides. In the mentle proper severrl types of glendulor
tissue is present. These glonds secrete different vrricties of mucus. One group
of these glends sppecrs tc fohricate crysteline caleiur crrhonate. These struce

turee gre rhunent in muccproteins, acid pelysacchearides, ribenucleic ocid,
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glycegen nnd phosphsote.
On the basis of infermetion aveilehin £0u Shtege stdiBA, 14 ~ona-re thrt one
commen factor -ohserved iIn connection with riacresiza3isn 48 the rrescnec ¢f a

protein-polysacsheride comnlex. Whether the e ipsr echerided ~re the e lciun terget,

comvining wAth conlelum doms o6 hiRs heen suggcate” in the memrsd awelts further
study.

In eccnnecticn with our chserveticns »oleting to crystrl formetion we have
ohrerved thet crystrls ore Irbricater in thr lirads cf the rentls, in the amoebe=
eytes ~nd in cther regicns. Portas of 4nr werlostireonm rre Favived fvop the mucus
glands rnf when this matericl is cyt-vwA:" 2n ohe montle surfees it contadne coleium
carbonete partic es, The other perticns of the periesigr:cur which sre derived in
the outer fold of the mrtitle moy slso heve minute minerel porticles embecd”>d in it es
a8 1%t 1s secreted.

The initisl situwetion Yust deserihed, hewever, doee do obtein for long. We
have ohgerved in normal on® exverimentrl conditicns thet "crystel grevth" cccurs

in the animols' environment. Thot is, in on aocuecus media, in contret with the

‘mantle tissues. Whether the initisl mechenism respensible for procueing the almost

aurndercacepic enleium carbenate nertizies vhich crise *n the mant’e ere subject

tr the same metnholic events oz the growing erystsl vhich is embe’cdod in the metrix
ath ecne? to frorh or gor vater in controt vith the pentic tiscwes crn only bhe
spacuintc? whan ot thls i, Fe bove cheervs? thct tac noturn of ibe substrate

gpron #hiesh eryeirl pruvih bnkes plocs Joes inflivance moih size, shove &nd regu-

[&]

lerity of the crysivls,




Plong for Immedirtec Fuiier:
At present we nre continuilne cur stadice pelstiony be gasews) hisvcoremieel
fertures of the mentle snd perdoastrrcor, Tnlsz vosr comgisgty 4w the cnta in trving
4 A - i (%
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te ascertrin more nrecisely the neture £ *no shrived Arim-titpents b morns of

fracticnetion, enzyms tiec ~nd cther cheric:l ncl=els.

ing the summer months of 1354, further ~xricr tory -nd confirm-tive

stu’ies 7re plrnned. In rAdition to Drther hiztochemicel evzluctions, ve nre“
ccrpiseniar additions] isnfopa-trace stwics in rq stiemnt to get o more acecurnte
corzort of the role of the polyscocterid-n in the 1o ¢f c-lnlifestion. Ve
further plon tec study the nmoebheceyiin 1o » gincle il which hWws the e~ility to

eleborrte, transport and give up orrnen te porticlirs,  fe cve nlee nltnnrav o

erytenc ocur eyperirentrl studies on regencrecticn rnd remeir.

Long Range Progrem:

The projection of o lone terr rreorsrem derline vith the rroblem of onlcifi-
cetion in invertebrstes will of necessity as the »rcohlem unfolds encroach uren a
nurher of relrted fields of investiccticn on” involve the need fer Alverse methods
of ntteck.

riest o dwdicicus knorledpe en? use of voricus forms hrve and will eic in
tair einly. The develorment of evperimentrl mcthode like those use” in our
re.ocarration and Yeover gless culture” methods sre slsc necessnry to further this
rori. Further, stuﬁies ere necred %o trree the inteke of metaholites, tc follow
r ¢ ascertain their role in the elchorrticn of nroteln oné miner~l comporents of
the shell. At the ircwent, » vprorising eprrerch te this study np"erfs to ve in

the utilization of the melluscan amoehceytes since these cells elehorete celeium
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cerhonr te crystaiu. This tculd involve the iies of Porbhalepicens, encricosl,

enzymetic on’ tlssue culiure Yechininues, The Lse of facgunsy 14 poeseveining tho
scurce, metaholisrm, tronsnort sn® svenbunl Asrosttion o7 Wk cearolife manl would

he a nossible and Yoluehls mprrench Yo this ey,

Reprints and Publicrtions con Crlcificodzicn fn Mellvres:

1. Interrelations hetween protein elshorrtion end crleificertion in molluscs,

Annt. Rec., V. 117 Neo. 3, or, 542-35069. 1653,
2. TFree ominoe acifg in the enerk, lorstor ead ¢lem. Annt. Reec., 1L, No. 3,
pp. 635-636, 19533,
3. In preporrtion:
(1) A histochemicnl study of the mrntle vith snecinl refercnce to celcifi-
cotion.

(2) Electron microscope stutics of the mrtriy of the mclluseen shell.
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