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SUMMARY

Il. t't,rntir'trlart,posscsscs:rbout I0 sonrrrtic l<inctics on thc right l:rtcral siclc. .l sonretic l<inctics otr

thc Icit letcrrtl sitlc:uttl rr sirrglc circunror:tl l<inctv. Thc sotnrrtic l<inctics ilrc c()tttposcrl ()i
nronoliinctirls crccpt for tlrc;.rrrtcrior cncls oi thc bruslt Iiinctics u,hich :rrc c«rtrt1-rosctl t>l

rliliirrctids. Thc circuntor:rl ltinc§'consists of prilcd l<inctosonrcs onc of u'hich is ttottcili:ttccl rtrrtl
essocirrtcrl l,ith :r nricrotulrular lenrclle,rnrl,r ttctnlttodcsrnrr.

St«rnrrrtogencsis colrnrcnccs u,hcrr rlrc:.urtcrionnost sonrrrtic kinctosorncs in thc o1-risthc arc
trrrnsfornrccl into thc noncilietccl l<inctos<>nrcs of thc futurc oral diliinctiil. Thcr' losc thc sottt:rtic
infr:rcilirrrv filrcrs lrrrcl thc cili,rn'sh,rit,rncl cach givcs risc to rr ncnrrttoclcsnrlt rrttcl l ttticrotu[rulrrt'
ril.lron. Acljaccnt lo crrclr of the trarrsfornrccl sorrrrrtic liinctosonrcs, rr ncw liincrrtsonrc is

rrsscnrlrlccl, thus pxxlucing ln orrrl tliliincticl lrnllrgc. Thc ncu,:urtcrior kinctosottrc lrcers rr ciliurn
:ur cl bccorrrcs thc cilifclous Ii inctosonrc of thc ore l rvrclth of cilirr. In protereol strrincd spccirnctr s.

prolifcretion of kinct«rsorlcs crrn first hc olrscrvcrl in thc lcit lrrtcral kinctics but, cvcntu:tllr', c;tch
of thc sorrrrrtic l<inctics procltrccs one l<inctofregnrcnt. Tlrus, Il. r,t'rrrtit-ttltrt' hrts rt hol«rtcloliirrctal
t1 1-rc tli st()lltittollcnesis. Thc ciIunrorll kinctl' :rriscs frt>rrr rr cor.mtcr-clocl<§'isc rotirtiott (es

vicu,cri fr«rnr outsicic thc ccll) oiell l.j diliineticl l<irrctofrrrgrrrcnts,rnd subscrlucnt "hcrrcl ro teil"
fusiorr of thc fr,rgnrcnts rrftcr ccll riivision lr,ts bc,-'n conrplctccl. Thc orrtl rlpprlriltus oi tht' protcr
sccnrs to lrc llrrgclv conservccl cluring clivision.

S«rnrc rrsl.rccts of thc cvolution oi thc or,rl rrpplrrlrtus end thc origin of thc orlrl nticnrtulrulrtr
rilrhons lrre cliscusscrl.

Introduction

Thc fine stnrcture of the oral rcgion in intcrphlsic rrncl

fc'ecling cclls rrncl the ultrrrstnrcturc of thc cxtrus<lr.nes of H.
L,cntrit'rrldrt hlvc lrccn thc sub jcct of scvcr:rl invt'stigrtti,»s
IllJ, 19, 201. l)cspitc sonre light nricroscopicr'tl obscrva-
tious ou rhc folnrrrtion of the oral rcsiorr IIl, l2,2tll, rr

dct,rilccl stu(lv on thc stourrrt()scncsis is strll lacking. To thc'
bcst of oLrr knor,vleclgc, so frrr rro clctrrilccl fine structurrrl
rrnrrIl'sis of stonlirt()gcncsis in rrni, clitr'rnsvcrsal ciIirrte I hrrs

been publishccl. Orr thc «rthr.'r hlncl, rr icu, clctrrilccl light
rn icroscop icrr l stucl ies olr the nr orph«rge'r-rcsis of l ilostonrrrtc
ciliates rrrc evaillblc :,\lttrth itlituu ntuscorunt, F trscltcrirt

l)e ll +- l9/el/r){)ls {) I 9s$.1..t(yl)

tcrri ctitr l) l. Protos lttrtlt itl irrtrt s(r pcns 13l. Brt'oltln,lltrnr
tcgrrltrrrrnt :tntl Arrrphilt'pttrs plcrtrosignu ll I ]. Tlrtrs. the
prcsent strrclv nrlkc. rr first step tou'rrrcls a iinc structurel
tunclcrstenclinu of hrrptrlricl st()nr11t()ge ltcsis lnd to coltlprlrc
light- encl clcctron nricroscol.ricrrl clrrtrr. The rrtrclerrr
chanscs cluring clivision hrtve bccn thc subjcct oi rrtrother
stircly 1221.

I Onc of thc rruthors (\X1. F.) u'oultl preti'r to inrprovc thc
rlcfinition oi thc subclrtss H:t1'rt«rti:t (.orliss rrncl to incluclc
Ilotrrtkt:ootr irr rh:tt t:txon l cclrusc thc [)itrrutsvct'salilr l-cipe &
['l rr usnrr'rttn cont:t itr ;r l tnost onl v clessice l heptoritls.

c, l9()l l)\' (irrsrrr []ischcr Verlrg,, Stuttg,rrt



Material and Methods

P rc f 
t ortt i<ttt l' ntcc tl t t rcs

Thc protrrgol nrcthocl (ltll; .!(ilbcrt 
protoc<>l) u,;.ts uscci to

ro'eal thc inir:rcilirrturc. For SEi\'1, cclls u'crc iirccl in rr rlirtttrc oi
OsOl rrnd chrorlic rrcicl, u,rrshcd in trrp s,rttcr rurcl clchydrrtcci in :r

critic:rf point clrlcr. Thc culturc rncthod tirr F/. ranniculdr( it:nLl

thc TEI\4 proccclurc hevc bccn dcscribcd prcviouslv I2l,261. AII
strrgcs tlcpictccl irr thc rlrarl'ings lltvc bccn scert in rrt lc,.tst §r'o
indiviclurls.

Morlt h t tlo gi ctrl Tcrnts

l. 11. t,t,rrrtit'trl,rrr' is e flettcncrl ciliirtc *,hich usualli crccps
:rlorrg the suhstllrtc. Thc surfrtcc tunrcd tou,rrrcls thc substrrtte is

tlcrrscly ciliatccl (Figs. 1,4) u'lrcrerrs on thc oppositc siclc onll'thrce
sprrrsclv cilirrtccl kinctics ilre prcscnt (Figs..l,.5). As thc r.rsvrimrct-
ricrrl position of thc c1'tostonrc sr.rllgcsts that thc n:rrro\\' lcft cclgc
corrcsl-roncls to thc "tnre" r,cntral siclc, u,c rcfcr to thc clcnscly
ciliatcd sirlc rrs the right latcral sirlc. (ionsctlucntl\', thc (sparsclv
cili.rrcd) sidc bcaring thc brush l<inctics is tlrc lcft latcral siclc ancl
rhc l<inctics orr thrrt siclc rrrc lcft l,rtcr,rl kinctics.

l. Thc nonciliatccl kinctosonrcs of thc circunrorrrl l<inctv ,rrc
rrssoci:rtccl u'ith rr prornirrcnt nricrotubulrrr ribbon, u'hich lincs thc
o t«rph:rrvrrr. Thrrt oral ribl.<>n h:ts bccn tcrnrccl nricrotubulrtr
l:rnrcllrr "r," Ilc)1. Unfortun,rtcll', thc rcnr "\"' lrrrnclle hrts bcctt
tusccl rrlso firr thc su bo't«rstonral lrrrncllrr in nrrssLr lirl cilirrtcs l-i, 27 l,
n'hich is e clclivrrtivc of postcilirrrv rnicr'otubulcs of thc cl1'acls of
thc palorrtl nrctrbr,urc l(. 1.,\s thc orrrl tnicrotubulrrr rilrlron in 1i.
t'cnni.rrldr( is th«rught to bc honrologous to tlrc sonl.rric trrlu\
vcrsc ri[rbon, n'c u'ill rcfcr to it es rhc tlrtlrsvcts:tl l,rnrcllrr (scc rrlso
l) i scu ssi « rn ).

.3. tlulge rlicrotubulcs hrrvc bccn dcscribcd unclcr vrrious tcrtns
(bulgc nrt, c()nc lnt, ilcccssorY rnt, rr'iclcli splrcccl nrt) ruid rlrc
possibli lur lr1-ronrorphous ch:rrltctcr for thc [)itrensvcrsllilt. Tltc
clcfinition givcn hcrc is consistcnt u,ith thc usrrgc in Foisstrcr &
F«rissncr lt) i: IlLrlgc nricrotuhulcs are singlc or snr,rll groups of
rrorr liinctosornc brtsccl nricrotu[rttlcs, n'lrich occur irr rr rrurlbcr of
clrtrensvclsrrl/hirpt()rirrn ciliatcs lilic, c.g., H. L,annicilldrc, lu-
st-ltcri,t tt'r-r'it'olt, Lttcltch,ditrrrt pri\trttrcltttrl/l ilnd ( ,lttcrrt't tcrcs.
Thcv conrrrrcncc irr thc corte r ol thc olel bulgc enrl nur lrlong thc
Iong er is «rf thc ccll. Thci' rr rc rcgLrlarll' sp:rccd irr thc orrr I ir rc;.r rrnd
closclv rrcljaccnt to thc rrricrotubulcs of the trrutsvcrsel lanrcl-
l:rc.

4. Thc cnclopl,rsnr oi H. t'L'rrtrit'rrltrc is conrplctcll' scpltriltcd
frorrr thc cctol'rl,tsnr bv rr iilrtnrcntous shceth.'fhrrt shc,tth hrrs bccrr
terrnecl "tcla c()rticrllis" in thc sonrrrtic rtrc,r ancl "iitrr'ous filanrcrr-
tt>us rrnnulus" in thc oral iu'crr (scc glossarf in Corliss l4l) As thc
tcle corticrrlis antl thc fihrous eunulus cilnn()t [.c clistinguishctl
rrorphologic:tllv ancl as thc iilerrrcnt«rus ,ttttrulus is itt rto u'rv
rrnntrlrtr in H. t,t'rrttit'trL L r', \\'c \\'i l l usc thc tcrlt'ts "orrrl filrrtttctttotts
shcrrth " iurrl "sonrrrtic f i I rrnrcntous shc,rth ".

Mt tr p h ogcr r cti c l-c nrts

Irr rha[rd«rphot-iln ilucl c],r'to]rhor:tlt cilirrtcs, thc rrtrtctitlr cttcls of
rhc sonrrttic kinctics of thc opisthc citlt pilrticipiltc itr thc fttrtttrrtitttt
of thc nc$'«rrlrl lrpl-rlrrlrtus. This nroclc of stottrrtltlgct.tcsis is tcrntccl
tclokinct:rl l4l. Horr'cvcr, r,:trious sttbfl'1-rcs :rrc rccogtrtzrr[rlc
u'ithin cliffcrcnt gr()ups. The dcfirritions givctr lrcrc follou' thc
prol.rositions oi ['r:rrclclc I I I krr thc holotclokinctel errrl thc
nrcrotclol<inct:rl rnoclc lncl thcl' arc l:rrgclv corrgrr,lcnt u'ith thc
trsrrgc in Hillcr I l.l]. lrr rrclclition, u'c h,tvc crprrrrtlccl thc tlcfirritiorr
ou thc hchrrviour of thc bruslr u,hrch is cottsitlerccl to lrc
hornologous to rl pru't of thc orrrl ltinctics (rrrkrrrrl orgarrellcs) irr

plororlottticl cilirrtcs 1.3 ].

Stolrlttogcncsis in Ilorrtctlo:oort t'tntricrrlttl' I9c)

Holotcktkitratrr/. Thc oral I<incty rrrises front tlrc rrttterior cncls
of rrll sonr:rtic kinctics of thc opisthc. Thc orrl liinctv cart bc cithcr
rr circurnorrrl kinctl' s.str. (i.c., it is clcrrrli' scparatcd ir«rnr thc
sonr:rtic kinctics in rn intcrphrrsc ccll) or it Inr.n'be sinrplr'
conrposccl of thc lntcriornrost orrrlizccl kinctos«»rcs of tltc
sonrrtic kinctics. Thc clikincticls of tlre brush rtrisc front thc
r.lntcrionrost rnonokinctids of thc o1'risthc of thc s,rnrc [.rush
l<inctv (nrost [)itransvcrsalirr).

l\|ortotclokirtcla/. llech «rf thc ts'o or thrce (pcri-) oral kinctics is

firrnrccl fronr thc rrntcriornr<)st kinctosollrcs of lr singlc son.trrtic
kincty oi tlrc protcr. Thc rlikincticls of thc lrrush rrrisc irorn the
rurtcrionnost nronokirrctitls of thc o1-risthc of thc srnrc lrnrsh
kinct,v (sonrc [)itrrursvcrsalia, i.c.. l)lcurostonrrrticlrr: Arrrpltilapttts,
Li lt trrol t rs, I t tt'r tpln'llttntt.

Rcnrrlk: Thc kinctosonrcs in thc rrntcrior pilrt of thc pcrior:rl
kinctics rrrc:tssocilttccl u,ith rtcntlrtotlcsnrrrtrr r.tntl trrtttsvcrsrtl
lenrellac. [)uring stonratorencsis, thc postct'ior (sonrrrtic) prrt of
thc pcriorlrl l<inctics bccorncs rrls<> itss«rciatccl rr'ith ncnrrrtoclcsrttrr-
trr rrncl fr:.rnsvcrsel l,rnrcllec. As only thc postcrior sonrlrtic prrrt of
thc pcrioral l<inctics is irrr'olvccl in thc fornration of thc pcrioral
kinctics oi thc opisthc, it rc;rrcscuts tclol<inetrrl rilthcr thrrn
[ruccokinctrtl st()nriltogcncsis ils pr'oposccl ltv scvcrll Frcnch
euthorsllll.

h,lcr<ttaktkirrt,t r/. Onlt, rr linritccl nunrl.cr of sonr:ttic liinctics
t,rkc p,rrt irr thc firrnrlrtion «rf orrc or scvcrrrl circunr«rr:tl liinctics
,urcl thc brush kinctics. lf brirsh kinctics (,tlso tcrntccl rtcLrral
orgllncllcs) irrc prcscnI, thcl rrrisc fronr thc lcftnrost st()rrrilt()qerric
sonrrrtic krrrctics of thc r>pisthc u'hcrcrrs thc circunrorrrl l<inctv
rrriscs frorl thc rightnrost stonrrrtogcn ic kinctics (Ovr«rphorida,
Prorocftrnticla).

Results

lnfrocilidtru'c l)uring lntcrplttsc

Tlrc sorrrrrtic in frrrcilirrturc of H on r rt I o ;ct( )t t L, cr n t i c t t I d r c
conrpl-iscs 8-l I right laterrrl kinctics rrncl .l lcft latclal
kinctics (Figs. l-7). The kinctos<)nrcs of thc right lrrtclrrl
kinctics xre alwxys ciliatccl. The kinctosr)nrcs ou thc lcft
siclc hrrvc rr shol't ciliuur rrt crch 2ncl-.lth kinr'tos«rnre . but
rrrc irl\\/i1)/s ciliatccl irt thc antcriornrost plrt «rf thc ccll (Fig.

-5; firr clctrrilccl clcscription see l7 ]). Acljrrccrrt to thc rrntcrior
portions of the left lirtcral kincties (lK2 ancl ll(.i),
lrccl uentl v short k i netofrrlsmL'llts conrposccl of cl i k i neti cls

cirn be founcl. Thc circutur)ral kincty consists of rtb«rut l.l0
l<inetosorlc prrirs. Onc kinctosomc of a prrir is cilirrtccl, thc
othcr is [rirt'rcn ilncl !]ivcs risc to rr loug, rv,rvy ltcl'l'ult()deslttrt
(Fig. 2).

Morltltoge ncsis

.Sr,rgc I. M«rrphogcncsis c()nrrlreuccs \\,ith thc prolifcrrr-
tion of kinctosorles slightly postcrior to thc nriclcllc of thc
cell ivithin thc tl'rrec left Lrtcrirl kinctics (Fig. 9). The
kirretosorlcs scenr to bc rrlrcrclv pairccl in thrrt stlgc. No
prolifcriltion can be obscrvecl in thc right lateral kinctics.
H«lu,cvcr", irrtrrrkinctrrl prolifcrrtion r-r-rrv lrc soing olr as thr:
kinctoson-rcs ilppcilr to bc rnorc closcli, speccd thln in
interphasic cclls (Fig. [3 rnd conrp. Fig. 6).

Sttgc 2. (ionrprrrcd to strrse l, thc infrrrcilirrture of thc
left siclc rrnd thc scncrrl n1()rphology of thc cell rlre not
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charrgccl. The right laterrrl sornatic kinctics cl<lsc to the
future clivisi«)u furrow bcgin t«r proliferrrte. These kineto-
somcs ciln be prrirecl rrncl freclucnflv they shou, a r:rther
irrcgLrlrrr pattern (Figs. 10, I l).

Srrlgr .i. The ongoing proliferation of kinetosomcs has
p rocl u cecl k it.tcto f rrrgurcn ts. Thc k i nct«l frrrgments rr re nrore
or lcss clistinctly scparxted fronr thc sonrrrtic kineties ancl
lrcrrr cilirr rrnd sl.rort uenrrrtoc]esnrata (Fig. 12). In thc lcft
latcral kirrety 2, aclclitional prlirs arc formecl, which can
furnr rrrr aclclition:rl kinctofragrlcnt (Fig. 13, see irlso stitge
6). Thc mrtcror.rucleus is conclensed ancl the micronuclei
hrrvc srrrrrecl ro cliviclc (Fig. l.l).

Sttgc 4. Thc kinctofrrlgnlcnts curve to the right rrnd the
ncnr rltoclesmi.rtrl i.rre rr ln,ays clerrrly rccoguizrrblc ( Fig. l a).
At the auterior encl of the brLrsh kineties (l k2, 1k3) of thc
opisthc, thc typicrrI intcrphesic paired kinetosor.nes ;.rrise.
Thc plane of clivisi<ln bccomcs obliclue to the long axis of
thc cell (Fig. l5), r,r,hich correspor.rds to tl.re coursc of tl.rc
oral bulgc of the interphrrse cell, declining ventrally. Thc
nrrlcrouucleus is c«rnclcnsccl rrnd most of the nricrouuclei
h:.rvc' rrccorlplished division. The divisi«n furr«>rv can bc
st'crr b1 wrt1 .rf irttirttrttion.

S/rrgc .t. The kinet«rfrilsments arc clistinctly scnricircu-
Lrrly curvccl (Fig. l6). Thcy are orierrtrrted obliqLrely to thc
plrrnc «lf thc division furrou, ancl the :rxis of the sonrrrtic
kincties, respecti vel y. The left lilteral kinctofrrrgt'r'tct.tts are
lbout nvicc or thlicc rrs klng rrs the right lateral kir.ret«r-
frrrgn.rcnts (Figs. l-5, l6).

S/rrgc (r. Thc infrrcilinturc clru bc c«rt.nprrrccl to thrlt in
strrge.5. Thc clil<rneticls are still rrrther irregulrrrly spacccl.
Son.rctimes, in rrclclition to tl're kinetofrrr§anrent, rr nur.nber of
clikineticls crrr.r proliferrrte in front «rf thc lcft lltcrrrl kincty 2
(cor.np. stage -3). The divisiorr furrow hrrs bccorrt- l'rronri-
ncnt (Figs. 17, l8).

Sttrgc 7. Proter ancl opisthe have scparatccl. The infra-
ciliaturc of thc protcr clocs not unclergo rrny changes. Thus,
it is as tl.rrrt filuncl in the prrrentrrl cells. In thc «rpisthc, thc
kinetofrrrgnrents rotrlte counter-clockwise thereby cl«rsiug
thc circumoral kincty (Fig. 19). That process is finishecl
rrbout I hour rrfter the separrtion of the chushtcr cells. The
nunrber of kinetosorue pairs in the nen,l,v forrlecl circun.ro-
ral kinety is rbout 1?0 corrcsp«rncling to tl.rc numlrcr of
kinetosorle prrirs founcl in interphase cells. Tl.rus, ncrv
kinetosonres were uot aclclecl rrfter cytokiuesis wr'rs cour-
pletccl, but kinetos«rmcs prolifcrrrtc clLrring intcrphrrse in
the sonrrrtic kineties [21 ].

U ltrtstrrtctrtc

The fine structure of the «rrrrl lpprrrltus hls bccn
clcscribccl in clctail pre viously I I 8, I 9 ]. To frrcilitrrtc
orientrrtior-r, thc nr«rst importrrnt chrrrrrcte rs rrrc reperrtcd in
the following prrrrrgrrrph.

Thc circun.roral kinety is corlp«rsecl of prrircd kincto-
somes ouc of which givcs rise to the circunr<lrrrl u,reath <lf
cilia (Figs. 5,20,21 ). The phrrryugcrrl baskct is nrrrcle up b,v

mr'rny nclrrltoclcsmr-rt:r tlr at rlri gi rratc fr<lrl thc nonci Ii rrtcc]

kinetosomes of tl.rc circurnorrrl kinet,v. Apert frorr thc

1-roirrting to A or I) inclicetcs thc rurtcrior or postcrior sidc of thc ccll.

SF,N4. X 6(X).

tclophrtsc.

kinctv is srill not cornplctccl. Thc rnrrcr«rruclcus is lrllorrt tt> rcnorlul:ttc.
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lucnrrltodcsnrxtx, crlch noncil irrtcd kinctosonrc is rrssociatccl
each r,rrith (i) a buncllc of filrrnrcnts thrrt scprlrrtcs thc
lucnrilt()desllrrrtir ncr'rr thc origirr (not shown hcre); (ii) the
orll filrrrrcntous shcath, ly'ing in thc pcriphcry of thc orrrl
rcuion; (iii) thc s«rmrrtic filrrnrcntous sheath rvhich cxtcncls
rrkrng the ccll. In aclclition, a singlc short nricrotu[rulc crrn
bc obscrvccl r1t the corticr'rl siclc of thc kinctosorlc, u,hich
hrrs not becrr clcscribccl befirrc (Fig. 2l). llclou, the plrrsurrr
nrenrbrrure, the pharyngcal brrsket is filled n,ith nunrcrous
nr.rcocysts lucl scvcrrrl hunclrccl toxicysts of tu,«r diffcrcnt
t1,pcs (Figs. 20,21,22). Thc apical prrrts «rf thc toxicysts rtrc
surrounclccl by a lattice rn:rcle up of trrrnsversrrl lanrellrre
rrncl bulgc r.nicrotubulcs (Fig. 22).

At thc rlnsct of clivisirlrr, thc sonratic filan.rer.rtoLrs sl.rcnth
disrrsscurblcs in thc nriclcllc of thc ccll rrr.rcl sr.nall protubcr-
r.urccs irppci.rr in thc opisthe just postcrior to thc prcsump-
tivc fission furrolr, (Figs. 2-3, 24,25,26). The disirrtegr,rtion
«rf thc s«rmaric filanrcurous shc:rth scems to start in front of
thc s«rnrrrtic kinctics (Fig. 2.5), as thc shcath is still intact in
an errrly phrrsc of clivision in th«rse parts of the cell u,hich
rlrc uot rrcljaccnt to rr kincty, evcn th«rugh the ;rrotuberancc
cirn bc recognized (Fig. 26). Fnlur thc vcry stilrt, r'nicr()tu-
btrles crrn be founcl u,ithin thc protuberrtnces (Figs. 24,25,
26). Thc'se belong cithcl to thc bulgc nricrotubulcs (Figs.
25,26) or to thc transversrrl laurellrrc, which surr<>uncl thc
apicrrl prrrts of the extmsonres ir.r rrn interphasc cell. The
bulgc nricrotubulcs irrc not kirretosonre-b:rsecl in rrn inter-
phasc ccll rrncl lil<cu,isc, rto rtssoci:ttion rvith kinctosonrcs
c«rulcl bc cletcctcd cluring nr«rrph«rgenesis.

In an earl,v ;lhirsc oi clivision, u,he rr the rirrlrrgc of thc orrrl
kinctt' is not vct frrrgrnented frorn thc prtrcntrrl sonretic
kincty, thc rlouokine tids crln be sccu t«r lrc llrcadv
,rrr,r,-i,rt".l n,ith trrrns,,,crsal lrrnrelllc rtnd r,crv sh.,rt,rc,t,,r-
toclcsurttr.t (Figs. 27, 2li). Tlrc kiuetosonrcs of the rrnlrrgc
rrrc vcr), nr.rr«ru'lv spacccl in thlt phasc rtnd the kinetrt-
s«rures of thc sornrrtic l<incfi'cru bc recognizccl bv thc iirst
rrncl tlre second tlrlnsvcrsc ribb«rn (Figs. 2li, 2t)). Thc rrnlrrgc
is qrrlu'ing in lcngth u'hcrt l<itretosonrcs «ri thc sourrrtic
kinctics situererl lrchind it rrrc seprrrrrterl frorn thcir kinctics
to join tlrc anlagc. \flhilc nrorphosenesis 1'rrocccds, tltc
rucr-r-rrrtodcsrnrrtil rlss()ciirtccl n,ith thc rroncilirtcd kincto-
sor.ncs clonsrrtc (Fig. 29). At the srtnre tirnc, thc noncilietcr.l
kiuctoson-rcs bccorne rlore u'iclclv sprtced ancl neu' kitte-
tosonrcs r'rppcirr in r riglrt augle to tlrc prccristinu oncs (Fir:.

29). Thcse nen' hinct«rsourcs r.urcl the ir cilirr u ill forrn the
circuurorrrl u't'crrth of cilia in tlrc irrterphrrsc cell ol H.
ucrtrrictrldra.

Lr a trrrrgcntial scctiou throLrsh rt l<inctofrrrgurcnt, il'hich
is still situatccl in frorrt of thc plrcntrrl sonrrttic kine rr', ir c,rn

bc sccn to bc conrl'rosecl of clil<irrcticls (Figs. .30, .3 I),
corr<lbrlrrrting the o[)scrvrltiorrs lcportecl in thc light
r.nicr«rscopicr.tl section oi tlrc prrpcr (l-igs. 12, l.l). Thc lcit
l<irretosourc of rr prrir is rtssocirttccl u ith thc scrnicirctrlrtr
trrrrrsvclsrrl lrrmclla rrt the posterior le ft sicle rrntl a short
rlicrotubLrlrrr rib[ron oi thrcc nricrotLrbulcs rrt rhe rrnte rior
risht siclc (Figs. .30, .3 l). Ncithcl thc short rnicrotubulrrr
ribbon rror the trrrnsvcrsel lrrrnellrr nrrrtch t'ith thc l.rosition
rrncl thc stnlctr.rrc of the ;rostciliriry lncl trrlnsvcrsill ribbons

dividcr. l'rrrts of thc cilctunor.tl crlr.rrLrru,rr. i.rcliirrg (lrctu'ccn rrrrou'hcads), x I,c)(X).
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of tl.rc parental son.ratic kinety (Figs. 30, 31). The right
kinetosclme of a pair is ciliatccl aud seems to become
interspaced betwcen the rror.rciliatccl kinetosomes at the
anterior end of the kinetofragment (Figs. 30, 31). Tl.re mirir-r

events during the development of the circurnoral kinety are
snmnrarized in Figs. 4l-45.

While a slight division furrow has appeared in the
micldle of the ccll, frequently, autophagous vacuoles which
contair.r numerolls toxicysts and kir-rctosomes can be found
il.r the proter (Fig. 32). Son-re of these kinetosot.nes can be

identificcl as orrrl by the transvers:rl lirn-rella (Figs. 33, 34).
In a sir.rgle casc, we hirve obscrved paired nonciliated
kir.retosomes which bcltl-r give rise to transversal lamellae
aud nemat«>desmata in tl.re proter of a divider (Fig. 35). At
thc same time, r.ro ciliated kinetosclmcs could be detectcd in
the circumorrrl kinety. Thc same phenomcnon has beer.t

reported fr>r the interpl.rase cell of H. uerntictrlare during
re generrrtior.r aftcr the oral :rrerr hirs been cut off with a glass
needlc [171. However, although the circumoral ciliaturc
does r.rot con-rpletely surrouncl the cytostome durittg ntor-
phogenesis (Fig. 36), "bald spots" can usually be four-rd in a
rrorr-divider as well (Fig. 5). Therefore, we cannot exclude
that some reorganizatior.r takes place ir.r the proter, but
mr>st probrrbly, thesc observi.ttiot.ts correspond to noll-
divisior-r reorganization clue to an ir.riury inflicted on the
ciliirte during prefixation handlir-rg. Thurt is, even in the case

of non-regular stolnatogenesis, the circumoral kinety is

reorganized starting with the r-ror.rciliirted (formerly somat-
ic) nenratodesma-bearing kir.retosomes. That is corrobo-
rirted by the observatior-r that a kinetodcsrnal fibril and
neuri'rtoCesma can be associated with the r-ror-rciliated

kinetosonre at thc same tinre ir.r an carly phase «rf rcorga-
niz:rtion I I 71.

\X/herr the division furrow l.rirs bccome more pnrmitteut,
tl.rc oral cortex of the opisthe is not yet completely formed.
Toxicysts are uot very nLllrcrous and tl.re oral filamerrtous
sl.reath is rirther irrcomplete (Fig. 37). Altlrough the oral
filirn.rcntous sheath is n.rostly lacking, the pilttern of the
overlirying bulge r-r.ricrotubules aud trrrnsversal lamellae
can be compared to that found in au interphase cell (Fig.
3tl). Ncvertheless, br.rlgc microtubules still seern to enter
the oral rcgiou fronl tl.re endoplasm (Fig. 39). Just before
division, tl.re cytoplasmic cot.tnectiot-t betrveeu protcr and
opisthe is siturrted within the circular oral field. The oral
filan-rer-rtous sl.reatl.r is largely closed at thirt time and the
ovcr:rll organizatir>t.t of the oral apparatus is compirrablc to
that of a differentiated ccll (Fig. a0). The n-rost striking
chr.rrrrcter is the large number of highly «rrdcred bulge
microtubules ir.r tl.rc oral endoplirsn.r (Fig. 40), whicl.r are far
less prominent in the intcrphase cell. In all likelihood, thc

endoplasn-ratic bulge microtubules act as guidelir.re for the
toxicysts, which move towarcls their hur.rchir-rg sites lvithin
the oral c()rtcx.

Discussion

Comparison with Related Species

No thoro u gh Llltrastrur ctll ra I ar.ri'rlysis of tnorphoger.resis
in any ditransversal ciliatc is yet available. On the light
microscopical level, the resr"rlts ou morplrogenesis irr H.
uernticulare are sirnilar to those reported by Fryd-Versavel
et al. [11], altl-rough only three stages l.rave been sl.rown iu
tl-rat study. In addition, morphogenesis in H. uermiculdre ts
con-rpar:rble to that found ir-r other ditransversal cili:rtes as

Bryophyllunr tegulorum, Sltathidiunr sp. l1 ll, Sltdthidiunt
ntuscorunt [2), Protospatbidium serpens [3 ], and Fuscher-
ia terricola l2).

Althor"rgl-r hypotheticirl in sotne respects, the scquence of
morphoger.retic cvents in H. uermiculttre ('and possibly
most other Spathidiida) cau be sutnrnarizecl as follows:

Phase 1. The antcriormost solni'ttic kinetosor.nes of the
futurc opisthe are transformed ir.rto oral kiuetosot.nes.
They lose the kinetodesrral fibril, the postciliirry ribbon,
the somatic transverse ribborr arrd thc ciliary shaft. L.rstead
they becon-re associated with the newly forn.rcd trausversal
lamella ar.rcl ncmatodesmata. Thus, the oral kinety anlage
is cornposed of monokinetids.

Phase 2. Newly synthesized kiuetosomes rrre ittter-
spaced betweer.r thc transformed somatic kinetosomes.
Cilia :rrise frorn the newly forrr.red kinctoson-res. The
nematodesmata associated with the trirnsformed som:rtic
kinetosornes grow out.

Phase .3. The fibrillar associates of tl.re oral anlage :rre
cornpleted irnd it separates from thc pareutirl kinety: thc
ar.rlage becomes a kinctofragment.

Phdse 4. Thc dikinetid kir.retofragments become cttrved,
rotate to the right and eventuirlly, after cell division is

cor.npleted, join end to end to fortr a closccl circumorrrl
kinety. The evcnts described in phase 4 apply also to S.

ntuscorunt l2l, B.tegulltrlrm 12, ll], ancl P. serpens 13)
except that in the latter no closed circur.norirl kincty is

formed.
Although stomatogcnesis starts with proliferrrtion of

kinetoson.rcs ir.r tl.re brush kineties in all spccics of the

locrrtcd bcncath thc plasnra Ircnrlrrrtttc irs thcy rrrc it.t rtt.t intcrphrsc ccll, x 12,000.
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suborder Spathidiir-ra, later on, virtually all somatic kine-
ties form kinetofragn.retrts it.t the plar-re of the futr.rre

division furrow. Thus, stomatogenesis is of the holotelo-
kinctal typc. In H. ucrruimlare, tl.re kir-retofragments of the
brush kineties arc about two or three times lor.rger than
those or.r the right side. That is, they n.rake a larger
cclntribution to the circumoral kinety. However, that is no
indicatior-r of a dominirting role of the brush in stomato-
gcnic events. Lrstead, it is probably due to the dispropor-
tiorrate distribr"rrion of tl.re somatic kineties in H. uermicu-
Itlre ils there are only 3 kineties olt the dorsal surface but
about l0 kineties on thc ventral surface. L.r contrast, in S.

tltttscu'unt, whcre the transverse distance betwcen the
sonratic kineties is constant, all kinetofragments have
irbout the samc size [2].

Contptrrison ruith Nonrelated Species

Bcside the litostomate ciliates, similar conditions during
stoulirtogenesis irr-rd interphase can be found in cyrtopho-
rid ciliates, c.g., Trithignnstoma steini and Chilodonella
cyprini. These ciliates have three circumoral dikinetid
kiieties, one of wl.rich arises by "head to tail" fusion of
kir-rctofragr-nents during morphogenesis [14, 15]. As in the
Spirthicliicla, one kinetosome of each pair is ciliated ar-rd the
other is nonciliated and gives rise to a nematodesma and a
microtubular lamella. In addition, in both groups under
questioll, the dikinetid kinetofragrnents arise from the
anterior er-rd of somatic mor.rokinctid kineties. Likewise, in
both gror.rps the ciliated kinetosomc becomes newly syr-r-

thesizcd whereas the r.ror-rciliated r.rematodesrna-bearing
kinetosorrc arises from the ciliated kinetosome of the
parental somatic kinety. In addition, a circumoral kinety
that arises by hcad to tail fusion of dikinetid kinetofrag-
lrents can be for.rnd alrong the prorodontid ciliates [13].
Dcspite tl.re overall sin.rilarity, the circumoral kineties in the
Rhabclophora and the Cyrtophora are probably not
hornologous as there are some important differences:

- Stornitoger-resis is rlerotelokit.retal in prorodontid and
cyrtophorid ciliates but holotelokinetal or monotelokir-re-
tal in ditrar-rsversal ciliates.

- The trrrnsformed solnatic kinetosomes in the oral kine-
ties arc associated with a postciliary ribbon in cyrtophorid
and prorodontid ciliates but not ir-r ditransversal ciliates.

- The positior-r of tl-re forming cytostome is ventral ir.r

cyrtophorid :rr.rd prorodorrtid ciliates but apical ir.r ditrans-
versal ciliates (the apicalization of the ver.rtral anlage ir-r

prostome ciliatcs has bcen subject to two thoror'rgh studies

[13,16]).
- The ditrausversal ciliates are thottght to hirve clerived
from a comrnoll älllccstor that wirs not equipped with a

circur.noral dikinetid kinety (see below). That is, thc
circurloral dikinetids of the ditrirnsversal ciliates are not
hor-nologous to the paroral dikinetids of either prorodot.t-
tid or cyrtophorid ciliirtes.

P hylogcn e t i c Con s idc rut i r m s

As we have shown, the dikinetids of thc kitletofragnlents
and the circumoral kinety, respectively, arise frou the
anterior ends of all somatic kineties of the opistl-re. Except
for the brush kineties, all somatic kineties are composed of
monokinetids in H. uerniculare. As has been shown in au

earlier paper [21], the infraciliarry pattern of the brusl.l

dikinetids-is derived from the souatic monokinetid pat-
tern. That is, all oral dikinetids irre directly or indirectly
derived frorn somatic monokinetids. Meanwhile, it has

been shown that a number of ditrar.rsversal ciliatcs do l'rave

oral monokinetids [9, l0 and refereuces thereir-r]. As
pointed out above, in H. uermiculore, the atlteriormost
kinetosomes of the souratic kineties are transfortled int<l

the r-ronciliatcd kinetosomes of the circumoral kir-rety

whereas the ciliated kinetosome of the circurnoral kinety is

newly formed. Therefore, we conclude drat the oral kinety
in arrcestral ditrar.rsversal ciliates originally has been m:rde

out of monokir-retids associated with r.ren.ratodestnatir and
transversal lamellae. The division in labor'rr betweert
nonciliated kinetosomes and dreir associirtcd fibrils (which
strengthen the cytopharynx) and ciliated kinetosotl.res
(which may l-rave sensorial functions) is thought to be a

derived character trait, whicl-r may have evolved several
times independently. Thus, fclur stages c.'tl1 be hypothe-
sized ir-r the evolutior.r of ditransversal ciliates (see [ 10] for a

detailed listing of characters).

Stage 1. Oralized som:rtic kinetid stage. No specialized
oral kinetids are present. Nematodesu-rata together with all
or most of the somirtic components (kinetodesmal fibril,
postciliary and transverse ribbot.rs, ciliary shaft) are asso-

ciated with several of tl.re irr-rteriorlnost kinetoson.res of all
somatic kineties (e.g., Archistomatida).

Stage 2. Monokinetid stage. The first somatic kinett>-
son-re(s) in each kinety are trat.rsfort-ned into oral kineto-

Figs. 4l-45. lntcrpretivc ancl schcnretic drarvings of the dcvclopmcnt of the circunrorel kincty. -.Fig. 41. Anterior crlcl of a singlc right

laicral sorlatic kincty. Kd : kincrodesmal fibril, Pc : postciliary ribbon, T1, T2 : first and seconcl trrnsversc ribbon- - Fig.42. Somatic

in thc row rcprcscnts thc postcriornrost kinctosor.ne of tlrc proter. nd : ttcntatodcstrla, tl : transversal lan-rella. - Fig.43..Ncu'

kincty (ler[c ,,.r,io,li.r.l, ..,,:...p,,,.,ä, to Figs. t i,45) artificially depictcd in a single celI at the srmc.time . . fig' 1S. Kinctofragment as

anglcs.
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sonrcs. Thcy succcssively l«rsc kitretoclesmr.tl fibrils, ciliary
shirfts rrncl postcilirrry riblrons (cxcept for ir single ttricr<t-

tubulc?). Tl.rus, a circtrmorrrl rrt<lnt>kinetid kirtcty' sLrr-

ronncls thc cyt«rst«rmc. Ncltti.ttoclcsnrrrtrr still origitlrrte from
the orrrl kinct«rs«»r.tcs ancl from oralizccl sotttrrtic kir.rettl-

sonles (c.g., En ch cly diunt, F.n c b c l1,s).

.Srclgc.l. Transitiou strrge. Pairs cortsistitrg <lf tratls-
formcicl s«rr.r.r:ttic l<inetosorncs rrncl newly f<lrt.r.red (usually
ciliatccl) kinet«rsomcs sttrrottttcl tl.re cyttlsttlnlc. Net.t.trtto-

clesn.rrrtrr originatc fronr the trrtttsforurccl (usually uotlcil-
iirtccl) kinetosot.ue of thc «rrrrl dikinctids rrr.rcl frttut orillizccl
sor.natic kirret«rsonres (e.g., Acr op i st h i t m t, A ct in or b tr b tl o s,

Oltrt cttcd, F t rsch cria).

Stage 4. Dikincticl strrgc. Pairs consistins of tratrsfttrtrecl
sor.nr'Ltic kinetos«rmcs ancl ucrvly f<lrntccl ciliated kirlet<l-
soules su rrouncl the cytostoltte. Ncmrttoclest'uatrr origi n rt te

cxcl usively fr«rnr the transft>rrncd noncilirrted kittetostlutes
of the «rral dikincticls (c.g., Bryophyllunr, Hontttloioon,
M o n o tl i n i r t n t, P r ot o s lt rrt I t i tl i t m t, S p a t h i d i u n t) .

Rcnttrks. I. The trirnsition fr<lttr olte stagc to thc tlext
nrrry h:.tvc hrrppenccl sevcr:rl tintes inclependcntly. II. Thc
hyp«rthcsis ilssLlmes thrtt lto clistirtcti<tn lrenvect't or:rl rlrlcl

sourrltic ciIirrturc rrr.rcl irtfrrtcilir.tttrre (i.e., utl tlral ciliature s.

str. i1t all) hes been presetrt irt the rtltccstol'of thc
clitrrrnsvcrsrrl ciIiatcs. Although thrrt clt>esn't sccm to be

rcasonablc at first sight, a sin.riLtr cottclttsiot.t hrrs bcetl
clrrrlvn by Hiller I3l basccl ott rru it.tvcstigrrti<ln tlf stolllrl-
togenesis iu proroclt>t.tticl ciliatcs. III. The hypothesis_

implies that thc errrly circunr<)rrll kiltcty w,rs ct>ntp«rsecl of
mr»rokineticls. which wcrc tl'rrnsforrlecl s«tuatic kirtet«>-

sonrcs (stage l, rrb«rvc). Howcvcr, thrrt d<tcs not r.reccssrrrily

nlcrln thrrt this :rpplics ro the oral r.rltlrlclkir.retids of auy
living ciliatc. Hypothe ses on the possible homology of oral
kineiids in haptorirrn cili:rtes l.rrrvc beerr discussed at lcngth
by Lipsconrb & Riordrur [2.i]. Thcy have c«rucluded that
tlre orel nronokincticls rlre ltot hotl«rlogotts to each other
rrncl thrrt thc ciliatecl kiuetosort.tc of the oral dikineticl has

beerr l«rst in E. ltolynrrclcrttrrrrt. Unfortutrately, the iruthtlrs
hrve failccl t«r cliscuss thcir brrsic rlssLllttptioll but tl.rc

frcclueut usc «rf the tcrttt "trorrual hrtpttlricl oral dikinctid"
indicatcs thrrt thcy rvere rtssttlrtitUl th:lt the irucestor of all
hapt«rricl ciliates ,rlrerrcly had a circttmttrrrl kir-rcty coll-
po.sccl of clikineticls. Th:rt is in clcar colttradictiolt to the
c«ruclusion clrrtu,t-t itr «rttr prrpcr rrlthough wc cr-ttttrttt rttle
out thc possibiliry thrrt orrll nt<tr.rokinetids nlay hirvc
cv«rlved frour orr.rl clikirreticls in inclividurrl cases.

ls thc Rbdbtlctltltord Conccltt Still V,rlid?

Thc Rhebclophora rrrc clcfinecl by thc possession of
transvcrs:rl nriirotubulcs supportillg the cytopharyr.rx.
Hor,r,cvc'r, thc rrssunrccl honrol«rgy betwcctl the tratlsvers:rl
l,rne lla rncl thc sonrrrtic tl'r.tttsvcrse ribbtlrl has bectr

cluestioncd 114,2-31. Thc rclcvant finclirrgs fronr otrr study
may bc intcrprctecl rs follorn's:
I. 'ln 

tlrc orrrl rrpprrrattts ttf ,.ttt nttrt-clivicler <»[ H. t'crnti-
ctidrc, thc nonciliatccl kinetttsittue bcrrrirlg thc tletla-
toclcsnrrr rrncl the trilltsversrll larl.rcll:r is ass«>cirrtecl witl.r

ir siugle t.nicrotubtrle. Similarly, ir sirlglc microttrbule,
whic[r is tl.rought to bc of postciliary origin, crru bc

four.rcl associatccl n,ith the ciliatecl kitretostlrnc tlf thc
oral dikincticls in othcr clitrarrsvcrsrrl cili:rtes likc, c.g.,
Cltrrcrrcrr tcres 123l, Hclicoltrorotlon nurltinttclctrttrttt

[24], and L. iornicis t251. If thrrt holds trtre the
ir,rnsversrrl lrrnrella crtltllot be hornoltlgol.ts to the
postciliary ribbt>n. htstcacl it is cithcr honl<llogotls to rl
iomrrtic tirrnsvcrse ribbt>n or it is urticluely clcrivecl'

II. If one rrssunres that the trrrtrsversal lrunell:r is hon'rol-
ogous to thc sot.urrtic postcili:rry ribbtlrl in H. t'crttti-
,ikrc, the sornatic p«rstcilirrry ribbon shoulcl clet:rch

fr«rm rriplct 9, ntove iu rr trruqcutirll ptlsitiorl ancl

rrcquirc the slightly born,-shr'tpccl form of the trrlusver-
sal lrrmeIl:r. hr aclclitior.r, thc rt«rncilirltccl kitrettlsomc
sl.roulcl rotrltc :trorlllcl its lorlg rtxis stl thrrt the tlricro-
tubular ribbon is ftcing the cyttlstonle' Htlwevcr,
nothil.lg of the kincl h,rs becrt «rbscrvecl iu ottr stucly.

III. As clesiribccl rrb«rvc, the circttttr«rrrlI kinety rrriscs frtlu't
a rightwrrrcl rotrrtiot.t of rrb«rtrt l-5 dikineticl kinctofrag-
r.r.rcnts rncl subsccltrent "herrcl ttl tail" fusion «lf the
frrrgrrcnts. If onc cotttprrres the kirtctofrrrgr.ncnt (Figs.

30, -l I ) rvith thc circttuttrrrl kinety in rrn interphrrse cell
(Fig. 2l), it bcconres cviclcr.rt thrrt thc orieutirtion,
sh,rpe ancl trut.ubcr ttf nticrotttbtrlcs of thc trrtt.tsvcrsal

lamella retnr.tit.ts ttrrchrtugecl cltrrirrg rigl.rtu'rrrcl rtltrrtitlll
rrncl "l.rcacl t«r trril" fusiorr. Considerirlg thc slight
rotr.ttiot.r of tlte r.r<ttrcilirltccl kinetosollle, tht' rrtltct'ior
portion of thc trrtrrsvcrsrrl larnella is siturrtccl rrt thc
s,rure pl,rcc u,herc both sotrtrrtic trrrnsvcl'srrl ribbons
hrrve been bcforc. In aclclitiort, therc c:rtl be Iittle doubr
fronr thc publishecl micrttgrrlphs thrrt the trrlltsversrll
lan.relLt is situirtccl itt thc srrttre position tt> the kir.reto-

som:rl clirrmcter rrs the stlurrttic tr:lllsversc ribbons in
the oralized rrtrcl trou<trrrlizecl sttl.uatic kirret«lsonles of
tlrc s<rt.nrrtic kincties in E. ltoh,nrrclcttrtnr lc)1.

For the tir.nc beir.rg, it see Itts lilicly tlrrt thc trrlllsvcr-
s.rl l,rrncll,r is citlrcr h,rltt,,loqtrtts to tltt's()lllrltic
triulsverse ribbor.r t>r new[y accluirecl. Thus, irr cither
event, the Rhabdophorrr collccpt is still valicl. Ncv-
crtheless, the trrrttsforurrrti«ltl inttl the trl-tllsversill
lirr.r.rellrr has not clirectly beett obsc'rvecl aucl thc borv-
shapccl forr.n t>f thc tr;.lnsversaI l:rmellrr c:llltlot be

coniparccl eitl.rcr to thc shrrpe of thc first rlr thc secor.rcl

somatic trattsversc ribb«tn. In rrclclititlrl, the positiorl of
the trrrtrsversirl lrrltteIlrr irt tl.rc orrrl kincties rltrl:rge uay
l.rrrve becn misinterprctccl duc ttt rr possiblc early
rotrrtiot.t «rf the kinctttstltle. Thrts, furthcr stttdics on
n.rorph«>genesis irr clitrarrsvcrsrrl ciliates ere highly
clcsiiabli. It rv«rtrlcl be ,r good iclcrr to trse :r cilirttc like E.

polynuc\ctttttnl, rn,hich has orrlIizccl stlurrtic kinctic]s,
as in that crrsc, the positi«tn of thc fibrillar itssocirltcs
rrncl the rrxis of the kirtctos«rn1c crlll be lll<lrc errsily

inferrccl thirtr itr H. ucrnticttltrc.
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