
",
..r

'~
./

.. '
"

., -,
• I,. \ >1,

. '

" ...... ""'.....,,--- ,

~~. .. ..
' ..

.,' .'. ,

"

, .. .'

..

" .

..
:~.. ;"...

~,,;~

',..

.r,

. '~" ..

. ,','

;....

,•...

.... '.

" ~-. :..
.:...• :

.~.

;. '

"; ...

''';.

.. ' ,~

.,
,,'

'-,::

'.0 • •"

".
'.,.

"

..... :

....,

" .....;

'. 0'-'

,

:a.'

'.'

, .. ;;

,....

.-;,

'.

.... .'

,,'.

", c..

.'

,",...
',' ::.

.','

.' ,'.

)'.

'.

.'., '-:";:.

. \ .'.

"• .i '. ..;:: . '.. :.. .. " .. .. ; ~

"-:.' :':-~;. ". :<." '.~.:' .•. ~ ..>~>:~ :<~~:,:'F:/::·:{'~~ ,.... :.:.' :',:.
IN, C:1CARI,AE~r-:1~I~H~~~~~:tA 'OCE,LL,ATA

,. ,>. " '< '?%<~, "
.... "\ ':~',

, .

'", ..

.I ''; ..

"

.' .. '........- .
'\ ,,'

"..... ,'

, CELL .CYCLES'

. ".

(/

..

,.
," "

.' .~: ."

" '.. ,', .
•

.•.. .'..." .. -.
. ~.

. ;"
.,' '"

..,
•

,',

"

"

'.,

" - "-:\ ..
.. ,:

...
'. ' .'



. .. ;•

•

SCBISTOSO~IDAE). '.
e"

CEr.L CYCLE. ANALYSIS IN DEVELOPING W:RCARIAE OF

.TRICHOBI~HARZIAOCELLATA (TREMATODA:
'. ~.

, .

."

..

..

, .

"

',i

~' .'

•

, .'..

'" . 1_••

, ' ... ' .

.,.:'

...~

0''':

j ...

.'.
" .',

'-:. ",

• 'r,"

.
'. . :.:::..---=......'.-

~_..

..~~... ;., '.

. '

'j.'

....

: ,"

"~". '
" '.

0',' ; •

',",', .. . "...
.", .

' ..

"',0. :. .

. . ~ .

""- :,:

. .' ,
. -~- ...~:.' ,

:.. '.'
, :

.....

.:'... '.:

,' .
. ' ",
.. ~'...

.....

...

.. .

: 0

;. '. 1_,

" .
- .. -....

'" .

,'. -

:' ..

,

. ','

" ,."

'.

. .

', ..

.. "

• O'

.l' " . .

: .,.' A'· Thesis' : .,,' - ". ' '.
'," "\. ',,',

. Submitted to the F~cul ty' 6f GJ:'adua,te S~Udie.s: ' .

in:·partial:FUifilJilerit.of.the~ulrellM!n;·~, :'
•• ' •.•,' .' '.. ' •..•• ;,'~. .f,

" .

..'

,'.- '..-~ ..

"

'.

. ,',.

:'~~~., .' ',:.:~,'
·~ter~~rSiiy,

'~ . . - . ~'-; .,-:

.• " AUquat.,.1973.... , ... -', ,
. ,,' ",

'-'-

", ;" '0

. '~.~,'

'.F. - .
. ~.

"..:- , ,"
. ,

... ~'.

"

. ... : ._-_._"..
ri'
'".1 flIrray E. Haight 1974 i\.

"

':.. ,-

. \ .



,

..

•
'DOCTOR OF PHILOSOPHY C19 73) '.
(Department of Biologyt

I1cMASTER UNI\~RSITY

Hamilton. cin't;:irio

,

' .

TITLE:
. ,

C~ll 'Cycle 1\nalys.is in Developing Cer'cariaeof .: .
Trichobi'lhal;'zia ocellata -(Trematoda: SchistosomatiQa~)

J
. . ," l

. ..

..

. -,-

...., .

, .'

. "

: "'.
.....

. "..

.'~'"

.~. ,'..
, >", .•~ .

. ,
'/-:..

. ","

'.

',,'

'.

.

-.

..
"".

'0'

:,..
Piofess9~ D. Davi4son'

.. '..

",-"", ,-,.: :,.,:;.":
SCOPE· AND CONTENTS':' .' .'.

SUPERVIS-oR:'

'. ~ .'.. The :av~rage durat~on.:.6itC: 14as estilllated to~e<.15:.2'

. h6urs·iri.....h·l~ ·tM.us:tsi.ih~U·rs':to~,. 5·.6:.h6ur~;ts:,4~8:>·'

t;ours.;.. ~d"'~G ; " J.2.ho';~$.~.Be9innin(J.\t;~;"~~ii~bUd:..~,~ag~,
•. ' ~ ,','_',._0'; ',2 ','"-"", :,:' ... _~.~: ..,.:' ,'!';.-" '."'_, ..,'-'_.,,:.,::,~.._. :;.,"',: ';',',;

an incr~~siilg propOJ;t.16I'iof.:thc·<coll,. c;e.useto jirollfeutc.· ..•
~... '.< .. _'~' .'." ~~" "'. >"" '.> , .. :.~ _ :-:: -: . :_.' . "'. '. ','~' J: ",',.,,~. ,",. "":. :~'. . '., ",". '.
and become non-dividing 'cells :.3t.:this; stage-the.first

. .... ,.- .... :"::' .-:,..":.- ..• ':.•.. ~., :" ....... ',... ~·"··I: "." ."~".,.- :.:':',:'..:'

appearanco. of differontiat:ing··b'ody.structures "asc;>bserved.. . . . . .. . -. .' . .' ..... :..~. . ..;/ . ".

." . ...: \ ' ..• '

. 'Experiments described in this. I3tudy.. werecarried -
~ . . " . ", .... '. ;- ,'. ,

'"'",": ~.,'.,'., ',' ...... ,. ' . " .. > :,'-~', " ,: .". . :.~ ..
'. out· in order to (a)detcrllti:ne . the parameters <?f,the. ," "

- " .': ,,' "", .. . .' . ." .-' . -: .".

cell~clearid (b; e~aininQthemod~Ofrep.rOduc:tiondudng " .
'. ,,". ," ',' ",. - -....-. " ..•';",' "::"~:""'<" _.'. '. ,." '-.'", .. -""",:' .' c',' - '-. • .. _ ..

c:ercarhl' QeYtllop.lOO~tofTrichobi'lharzia ocella'ta:
o

' ••••~. CO •
I • ": : . ," • \ - •

:

..'

':' ....".... '

'.' .

./' /

,
..'

Hi

~ .. . ,t".1'
. '.



J

SCOPE AND CONTENTS (continued)

I /
. '

/'

Nuclei 'were' found to vary ~n' mO~hOlogy;&rii'19
interphase; these vad.ations ~,' the' e~a~!:ilty6ns,of, ,c::e1ls

'. '" I ..

in ,the division phase of the cell cycle havr been used

to~upportthesuggestionthat all cells r'p~oduce

•

, '

asexuall~ throughout all stage~ of cercaii~l'dev~lopment;
)

,': . '~.'

•

0"

,

. ~.-

',' ;

" ...

" .1
•

..' .... "

'\.;

-... '

:',..

".", .
. _....-

.'

"',: ",

1 ....

, .
, ~';':'

, "

.~ ..

'.
• ....·,i

"'~

.'

i ,

•

.....
. ~ ',.

"
I .~;':.~

._~. ~I'

'.-'•

','. "'.. .';:<
"

.,-,

,"

.' ','

>.

" '....

>'.: "

.: ..•..' , '

.' ~ .

", ;',.. " .

,"

.......

.. '.~'.

"

flo

:.~ :::'

..,'
: ..

" '

>,..........,.~.
iV;

"

"

", ' '

.j .

"

:·i).·-:-~·,

.,.,-

J

.,' ' ..'

. ", . ", i.' " ':~;" ..,'

','

','

;~'

"

"".' .;
':- ' ....

/', '

"
. ~. ,'..

J, ,,'

.,',

"

.. ~.



..
..

ACKNOWLEDGEMENTS

o

J

'.~
~ , - • I

•

", "

. ,

<, ,"

. ~'..

, '

..

Grateful apprecb,tion is expresse& to Dr•. D. Dav~~on" ' ,

for'hiS generous advicedurinq the'co~se'of'~e'

~xperimentalwork and ··the prep~ratiQn'ofth,is ;thesis·~ ..
. ' . - - .' ~ ,

I would Illeto t:hi!llk Dr. D.'~. N:.\iensen~cI<·j .
,. " .'. . './ .. :' . . . ",' '-., ..

Dr~ D~. ~~~'H;J;.o.n .f.o.~ ~ei'~,.he.lpfu:l su,~qes~,ons in..

the course of,· s iJiv.estigation. '" : '
• ",. "~':"" .•..~.:•• ~." •.• ..:.; . ", '.,~.':'. " .'.; ",1,_,

The auth,!r,is . indebted,to'.Dr' ~ T~,1t.• :R..;,BoUrns" ' ,
. .• ", ..••. , ',;,,:,,~ .. ,~_2::1. , ~",' :., _ ',' _. __ , ,,~':',''':.:.;.,__ '.',,' .. :,<''.,', .. '''~:':

.Univers~tY~fWt'~tE!pton17a:r,io~.for,t;he ~upply 'o~LY1JUla~a,.'

st~9naiis ·):os~a'~t:~.:~~i~nY,·~f .:i1n~~lI" ~iI, f~r' ~e' supply: ~{

Schb't()~o~'intect~d"L~'sta~aii~tO:i~fe~t,·.the·d!1ckS'··~~~,''
., " ," , .... ' : . . '.. :.... ',' ': . ..... . ..

int:Ms_i~vest.iqation~;andt~'br~ J. PasterTiak-~ un'iveX'lJiqr,

of wa£e~l~;··iorhis'as'siSiariCt)·.i~b~~pi·riq'toove~~me.tb~:... -, , .. .. -." . .
. " , .' . _ . . . . '. ·f, .. . "-". ' '. "; " ..... " '

technic~l·.,dHficultiesas!!ociat~ wi th th~. useo~the.:<:·'/

mi~ro8~ctrophoto~t~i~'" S.i.Il~~tb,~i~~. ai.s~· e',t.te~;dedI ~.(

to' Hi." JOh~·'bwen ioreXpertac:tvicii conC!rtdn.gllUlthe~tic~l~
. , '. .,.',', , '.< ", ," "". -. ' :' , ...,.... .. - .. .", .' ".~ ';" , .-

analys'i.s of thedatap,resei\~d'!)ere;'to"'bs .It ~:Mar8ba1'l,:'
: I'" , ..• ' ;--1," .."", ••-:.«,:.';"<,:,'.:,-"" ,;,..... :, "~',,, ":":;",:,<.">~.

for her.,~sever~£e.in'th~ ~rep~a~ion o.fthe.f~~es;,:..:, "
';.,!",,' '•. > . ,,':' " " .. , _·t ,', " .,~,".' ",: ",:'>:, .

and to ~. wife, .Hary.~hop~,ti~tly~ait:t!d~e;~rt'flity..

to type this manuscript. '.' '.~ .;. ./' "' .

'.

v

, '.:

:

\'
\

.'.: .

,,'

,-

..) .' -'

.' ' .. ,'

',t .

'j .•
;

.- .' ,.-



,

..

.',
p~9.e

,1.,•

•

16'\'..· '.~ '".~

.....

'. '. .",:. ' ..~,; .....
" ,-

.<

.. ,

..

"( .'
,- . -" .

'," .

· ~'.-.

.'. "

:~'.' . ".
' .. :-..•. ' .. '.

.' -. ":

," '.

'.

;-
• ~' I

.' " .

: • ."'!'!

.....

.'

... -. ," .

~...

..

.. ./

•

. ,-' \-:.'

-.. '.
, ,',

"/

.,

, ~. ,

• • 10
, .. /,'

".•.."'; ~. ,,: ..l~r-.. ,·
: :;,~:

· ,.::. ~::~:,,~;_,.tt·,/,
.','" ': :~> " ~

~ •.~.. .·wtJ. '. '. • ..•-. _,. .:, 't~ :',,' '1~.

.. .~ :. . .:~:::)':'J.,::•.'.~~.
' . '.' r ~;.; .. '

~-' :•. ·~,':.:,~:~·:-.·~.lS',:/.· .
"", '1-•

.', .

...

•

. :...

...", ..

"',
, .'"

., . '.

'..

. ~ <...
....

..:~.. ' ..

'.

-- .TABLE Of CONTENTS

..

,,

.. '.

.; ..
HISTOLOC;'f. • •..•

ShTI-ST~CAL~~~~ri~.
" '

·}\U'tORADIOGRAPHY.. '.. '.' ... '. ". '\

"",

RESULTS

2,1 MATERIALS . ;". '. ;'.' .' ."'.

~~2 .~CROSP.ECrRdPk6ToriE',r;R¥'" \ ,~,
• ". • '. _; .:' • . i, ":: . ~ ~: ~.• : -,

o •..-.", .,'.

• •

r;..,ATE,RIALS A.NPMETHOOS

2.5~

/

•..

2.3

c . 2.4.

1.'lNTRODUCTION

2.

PERCENTAGE"LJ\BELL~D~H.ITOSES {PL.'t): .. ' ~

.' . ...
::.' -'-.
25.:. ';-.. , .. ., ,.

;.,:~, ."
"" ..... ' '....

• '.'~ .... '., '." "29,'.::.'
o" •

.. ~ :- .

. ': -'. ~..

", ,;.

..oil' ". _.' ,.":.0

~. .. .,'.

•

'.

."','

,
•,,- ..

NUCLEAR MOnPHOLqGY

,SYNCHRONY. \,' •

, LABELLI~G IN~f~
3.4

3.1

'3.3
, ' ..

~.,

rj, -.'

4$

•
.~.. :.'~' ~...

.' .

, . ~

· .... ,- ......e .. - .... ,.

.-•

" ., .

. ".....
e' •

vi,

.-~ ~~...-'
"

..... ~', .'."......

~\ .
", :"; ~'O

". "

' .. '

"".' '.' . . .•. ".; ,,',.. '.. ;:1":
:~'

~ :':"\

'J'-'.... '....

3.4.1 <Hetero~~nieitY .,~d'~:":''13~>,
'. 3.4~,2o.Estimates'Of·G2+.MI2.';"~·\:~''•• ,,~ ,,<~ :~~,~:'33:·-;'
M~C~dl'iC:-rROPH&;QMET!ly,l .'~, ... ' :,;' •..•.' ., .•.' .,.~~,34

, ' , .; ~

HISTOLOGY OF ,OEVELOPINGCERCAIUAL LARVAE ~: ..,.41'"
.' , ..

" .. :

~,

,

" .....•.

: TABLCS

. ,

/



•
:-.

" '

TABLE OF CONTENTS (c"bnt~nqed)
•

. .
FIGURES

,PLATES

• •

•

•

•

'0

• , .,
•

· .
. .'
•

•

....Page

58

93 .j

9p',·;

114

129

".127•

'.:;.

.'

" "-, '; -', -..

. ".. '~', .

•

•

.', :

a,'. !"

"., "......
,'....:> .•.-

',';

, ....-
""

",· ,"

"''l;

-0 .

.".,.:~,:,.

".~.'.' ..

','

•

, '~~ .. ~

"'-:, .'
..' . ~.":.

··V'

~ .~,-,'

.0 .' ..

, ;
'.:' ,".:

'.

....

•

'.•

•

.. ,-:

· ',.
•

•

•
. ".

"

.'

.•

•

..r

• '- 4 ..

. ,."

•

.-, ..-

.., ,: ~.::: ......
'.0 .• :;. ,.' >•.

.' .

'. '.:

•

.". .
".' "._.II

I

DISCUSSION

"

APPENDIX

APPENDIX

BIBLIOGRAPH'{"

4.

SUMMARY

.l\PPENDIX
.

• .. ,. '0. ., . ,e, ••.•...•. ~~~. .:.

"

.~ ~~ F·. '.. ~., .
.' ., • •- ", ,135

"
"

.;.
" .-.

.'
~ -, .

. , .,

,.;' ,
....

-,
,. .o, ..

"
-j
; • ", M

"

t

.'",.'
\,".

, .
. -.,

-4'_:: :

. ~. "

:".;;, J.
",,

'.
"

..
~-.'.~.'

;.'

'/.­
.r:

\

"

vii,
~.

, .'

,";



r
\

"
;

..
..-/. ;

LIST OF TABLES..

I Relative Fculgen7DNA'contents and·areas·.
'for the morph~logical1y different c~asses
of nuclei from a 513' cell"germin~~ ball '

, .
Number Title . , ,.

. ~.age·

'46

...

.. ~

•

~.'. " .

:.

" '.

'.

50

", :

:.47'

. ~.'

: .":'
·".4·9·'.·.·".::,' ,"

", ..

.Reilative Feulgem,:"DNA contents :andareas· ..'
for', t'hemorphologically diff;crent'classes' "
of'nuclei, frOm 'a 1092 cell germinal ball···· n ....

'-.•.- • • " • ' , : ",. . '. '. ;.... ,', ,I, . '. .

Labelling indices ofgEirnu.nai balisat>-<.·l.·.. ··.
vario~s times after· ·exPosureto:~H-TdR.;,..."." '.' .. ' ," . ,":.. \ . ,

" ...- ..•.,:.
Relationships 'between- thenu:llber 6fnuclel" <'52 ...

· measured photometr.fcallyand.the absolute:" ..
· total number of.,nuclci wi thin each . '
nuclear morphology class 'for "seven.germinal
balls . '...

. ,
EstimateS. of G2 + M/2'derivedfrom PLM
~curvcs of germinal balls differing' .
in cell number"· " ' .. ~

•Percentage labelledmit~~es· ofgernu.~al. ..
bal~s :..:at·· various· times a~ter ,~~()~ure":.: .'.
,to.HTdR ... " ..•. ' . "'.:' ")i,

."
, .Relcitive . Feulgen-DNA,contents 'a~d areas', .-
~or the morpholQgically t1iffere·ntclasses.,
of 'nuclei. frOIlIa 905 cellgerin.i.nalbalF, ,". .' . . .., "'. ' ",. ., .

"
VI

II·.

VII

IV

V

.~'.

•. ,

VIII

IX

'Estimate,s ~~., .the. relative dura~~ons~f the
PhaseJ!l ofcell.cy,cle e_xpressed, as: .,',
,perccntages ofthc, ~otal cycle in. CJ~rtIli~al
balls differingi'n"·cell humber•."

<./ Estimat~sof'th~;:~utati~nsC o'!'thephases
"~ .of the ceU'.cycle 'in" germinal balls' .

differing in cell number .
, I;> .

.. ,:

" .. '

,.

57 .' .

"

, '

v •
'~_':'..- '. "

.'.,

I viii
" "

.,

\

t ,



...

:LIST OF FIGURES

,.

NUmQer' Title Paqe

. 1'. Diagrammatic outline of. the life 'cycle .of
the schistosomeTrichooilh~ziaocellata'

J, . ' ..
. .' .'

2 Diagram'surnmatizing' dev~lopment'dur.ing the
life-cycle Of ~ri~hobilharzi~~ocellata

•
59

69

.613

~.

-5

rrequEmcy distribution of relative. Feulgen.,. . .
DNA contents of .. eaca·.nuclear ,morphOlogy class
from a 5l3-cellgermin'alball : ... ' . ' ..
'. . . I . .' .' .. •... '.:. .' .... '.. "...' " .. '
. Scatter plot Of' nuclear' area and '~elativ~ . '.:
Feulgen'-DNA content foteachnucl~ar' ..' ' .

.' morphology' Class: from' a'513 cell germinal' .. ,. ,"
· bail -. . . . . , '. . . ..'
·'. - ,'.

, , . ,'. . ',' ~. .; . . - ..... :. . '. ;. ',~ :', , .. ', , .

Frequen:;y distribution of-relative Feulgen';; '. ,: :63
DNA\.contctlts' of· 'each' n~C1earritorphologyclass' .' .:
from a 905 cell: germinal. ball' '. '.. . ...•..
." .. -. "".. .~

:

. 6.
"

Scatter plot of n~cl~ar area and' relative .' ,.
Feu,lgen-DNAcontentfor each' nucle'ar' . . '. '.'

· 'morphology cl(\ss from a 905eellqerminal.
'. ball. . .<: .. ' .. ,. . ' .' ..

.. '

".64

· .. :.i,••

68,

··'67

7

"

'8

10'

. ' " ,"'-':~" .....
., Frequency. distXibutionC?~:telative'Fe~lgen. '. :,-::' 65
. 'DNA contents of each. nuclear morph()logy.·class .:

...frC?m a· 10'92 collgeiminalball,. .'. '. d, ••'. . .'. ••••

Scatter piot~i:rlu~iear·area··:an~~~:la4~e:. ·':·66.
.' Feulgen:-DNA:.conte.nt.:f~r:;ea!=h ..nuclellr..,.·.·.: .,C •..•. i.. . •..• ~;: •. , • ...,-, ..•.•,

. IIIOrphologyclass frama 1092,cellgermirialball
'.' ....'.. .. .. ,' ..' ..' ." ' .. : ' : ~ '.,

'Percent distribution'of,m! toticcellliin
germinal balls' of increasirigc:C11 number:'

.' " .
", ','

Percen't distiibut:lon of the Small-D.arl.t. ~~clea.J:
· . mOrph~lo9Yclass .in..qerminal. balls of

increasing cell number· ., ' . -. ' ,

, ix



-"

,

Percent distribution of the Medium-Light
nuclear morpholo~l c19ss in germinal balls
of ~ncreaSing.2il number .

Percpnt 'distri~ ion of ,the Heiliurr.-Ned~"um
nu~ear morphol gy class in germinal balls
of increasing-t:ell number"

Nu.'r.bcr

" 11

12

LIST OF' FIGURES (continued)

.Tit'le.
" ~

Page

69

70

'.

.....
"

73

71

72

:.'

, '

'74 '

",.'".,",::"

..,' .

'. ..
78' ~'.

:79'

.80
.r-

81
"

"

Large":'Light
germinal balls

Medium-Dark , ,
germinal .balls

in qermi~albails. ,LOBS'of partial,synchrony
of', increasing cell nuillber,,. ,

Pereent'distribution of the
nuclea!'morphorogy .class 'in
of increa~ng cell number.. ' .' ~ '- -.
Percent dis~rib~tio~oithe
nucl~ar morphology~c;lass in
of: increasing:c;e'l1'number

,,- .. , .' '." .
!

Absolute number' of M~diUl1\~Medi\Jm'nuel~J··.in ' '; "
gerniinal" balls of increasing cell ··n~er" .'.'

,-. to· •• ",_, ..'. . I. '_ '" ','". '".._.. -: '. -~.

,Absolute' nUmber ,of Medium;"O'ark' nu,clei:in"
germinal balls' of .iricreasln~:icell,nUmber

Absolute ~umberof Larqe-Lic;jhtnuele1.£n
qerminal balls of increasingceU, nUmber:

•

......
Percent dist::ril:iution~fqthe·. Large-Medium
'nuclearmorpho~OgYC:1i3ssingerniinal'baUS-
of' increasirigcel·LnUmber··,y \.,,:.;, '.' .

. ,,- , • . ' -;", • .., . P.·· .
i '. " . ; ", . ..~ .

Absoi~te'nUlliber' .of, ml.totic<cells:ingermi.Jla'l~· "'.
balls oflncreasingceilriUinber"1" >...... ' '..:

. . .: ....... " ...', .":' .. .. . .. . ,.'~' . ,.",

Absolut~n~mber'Of,s~all':'Dark .. n~C::lei:iri,. ',., 75
ge1':Illinal}~al.ls of :in~easin~::(:~~;~::.n~r « " ',',.
Absolute number of Mediun;"':Li'ghtnucl~l>fJl:. ':-'/.::-:'76
germinal balls of :increasing',eel1.riUmber:', ,- .
.' . . ... .' .. '. ", ;

, " .
, I , 0-\" .. _. ~... . ,", ," .

Absolute number of Large-Medium 'nuclei',: in
"qerinirull bal"ls of increasinq cell.nu:::ber '.

,-

23

, ,

21

22, .

20'

17

. j .'
18,," .

J.6

19

14

15 '

·13

. ,

,'.

x



Number

) ,
LIST OF FIGURES (continued)

o
Title

. I
Page ~

. ,

o

24 Labelling index for ger~n~l 'balls of
• different cell number at various times

after administration of 3H- t hymidlnc
. . .

82

. 25 Percentage labelled. cells ingel~inal
balls.of increasing cell number on~ hour
after\ e.xposure to 3H-'TdR . .

83

9

26 .Percentagc labelled mitoses for germin~l.

balis of different cell number at. various
times' 'after administration ·o~. 3H,.TdR·

8-4

'.

,
" .

.85

'<'

:<91·,.

. ·86

':'0-'

.: ,-'

. , ....•

.,::. .

') • J •

Percentagc labelled·mitoses cuivesfor
gernunalballs of Similarcellnurnber· . . .' .. " ..

31

32

28

.30

27

.. ..... . . ...• . .
·Frequen~' di~tributt()n~·f. reiatiire'Feuiq¢J:\- .. '
DNA values from 191 nuclei~of a S13cel],., .
germinalball"·.: ' .. "';., .•.... " .. ' '. :'.'.. ..... \. . '. " .

29 - . Frequen~' dlstrlbutiol)s of ;loqari.th:fti.· . ....;
.' relative·Feulgen-DNA.:contentsfrom:19·1,...

.nuclei o( a .5l3cell:'gerininal",b~11;>.· ,~>
~ .. ~."'-.~'.' '.' , '.'.: ";:.

Frequencydlstributlohsoilog.arr t1\Ill ..•. ii" ': •

relativeFeulgen~pNAcontents. from (191 :.;' ','
nuclel~ofa 513 cel.l·gerininalbap... · ...........:'.

"; u .' _ .' . "Il • ...' •

FrequencY ,dis tili,'utions of 'log-arithni • . . .~9
r,elative. FeulgeR":DN~c6n~entsfr.oin19.5
nlicleiof'a "915 cell :qerminalbal'l' ....;

FreqUe'ncy ~ist~Ui'uti:~ns_of. ~~aritlun .,
relativ~Feu1gen-DN;conte~ts'from.16Z,
nuclei ofa. 10.92copgerminal:balL.:...

" . '. : '. ~ ,.-. . ..- -.:.>. , . ," ; .,:.,.:~.. :: ~' :', . '"1:

.' 33'/ Distributions .. ofmitoticfiglires·ln. . .....
\ .g~~iul1ballsdiffeting· in cell number':' .
\ ;)4 Diagrammatic outHne ~fttie.di,stiib~~io~s.,;_.;':". ;.. '~2. ,.

of. the nuc1ea'r' morphology .classes·throughOl1t:···.::..v .
· the cell"cycle ..' . '.;' .. :....... ' . ,,' '.'

. . " . ~ , '.
1 • , •

. 35 IllWitraHon of thcqraphic::a1 analysis·
o teChnique.

133

134

;...., .
,

xi

IHus-tration of. the graphical analysis
.technique



•

LIST OF PLATES

,PLA'i'E 1

Figure,

PLATF. 2

Title \,

variat~on in the nuclear morphologies
in developing-To oceflata cercariae

..
' ..

..
, .

. .

..

..

.'

,

.. ".
:" .

, .

'95

'i .. '..

••.•., ,"l '. .'

'95

'Page

9S

, 99 :.

t.....

....... .95·:'
.'

- ': " ::.~ ~.• "

, "

.. ,

, ... , '

"

, .

... : . ,

'-<.

".

xii, .

..... .

T.i tl'e
.' .

Distribution of mitotic' figures in',a
300~c'dlled gewnal ball' ... . ., . .

,.." .
'.~ " .

Distribution of. mi,~oHc~ fiquresand ....•.. : .. :95
large-sized. intoeqlhase .nuclei-. in tW?~, '. . ,,'.' ..
germinal'balls"ccinsisting of.less,·tJ!lan.. ·,: '.: '.' ,
50 cells' .,. .. '., , .. .... ' ..

',' i' ,"

.Head~ecjior(oi~a,mature T. ocellah ~rcada
, . . ~ ..

/ ....:

Dis.tri~utionof mitotic, 'figures and ';:, .. ,
large-siz'e 'nuclei.' i1l' a600.-cE!11germinal' .,
.ball ...'.. "., '. . '. i: \",'.

~'ercarial lilrVae ~t .~~. taii~buci's.~age . ".. , •.I .of development

. - Ccrcar1~l IClrvae atth~tdl:';b~d.~t.age·'':
of developinen·t, and germilla'l balls, ."
c:onsisting df .les's than 300cl,!11s . .:
'. ....,."., '~',' '4-":: .,', . -.,;' ,.'.'.
Distribution 'of mitotlc figureilin. two
germinal" balls 'c()nsisting:9f HOO',cells,:

. :0. . •

,'~ ,

8."

4

S

3.

,6'

2

Figure

.'
"f __



-,'

,

"
•

, ,..

•
"

,>

". '.

INTRODUCTION

, .

'.'

"

"

" ,

", '
ocellata (La Vale'tte .. 1855) Brurnpt,

I : , .

,
....... .. ~

" T-riChobillJ,arzia
~ . , .... : ,. ;: - ,

19~,,~ cailsa,tive ,agent

.... ',

"

.. ,
of. s.chistosolJle· dennati tis (swimmer.' 5 .~,..}

'.. ., • • .""._... t • ,

i tchris ~ digenetic trematode. '. This parasite f911o\o(s a...·
,': ') •• , • .~." or • ~ ... • .'_ ;':.~', •

" d~n~ite life' 'cycle '~att:e~ involving art altern~t:ion b~~ween
. ," . " . r ' .' i'

.. ,;tWq:·hos~:·. the.'adq..J.·t sta.9'e is found il! the"duck"Ai'lCis.~~p.,

': " ..,' ~e'~efin.ifiVe h'9~~; ,:at:ld' th'e i~~ture ·or j'U~:eni~e stag~'sc;~-:f .
",.; . ~ " . ... . '. ~.: ,' ....

, " arc.,.fIQund in -the .sn'a.il/Lymnaeilstagnalis ,the il1teririedhtJi,L:.."··

:,;;'~Og:;'-:!Talbo~:·1~~6;.(Fig. l)~.'J'h~a~ults li~ein '~e,por~al '., ~
'system of 'wiid' dUcksi ilJid'~ay' ~pindle'-shaPed,eggs~,'Thlse

. """ .. ,.... \ ". "..;. : ·-,l.\.: . : .... ,' :.-L.;. ~. ~:. "", .:~ _. . ..

. eggs\ ~en?~ss tlJfCl!igh ··the: gu~wall of:'t1if£)fO~:andare.
" ~.: t . ......, ... :" ..: '. . ... -. ,-" " ......__ ':,:' . , .,.. . .~. '~~. '",
, "fre!S!d ~ith the. fae'ce~~ . Upon contact with,water",·mir'aCidium,

.. ,~... " .• ',... '. '. ". -.'" .' - ' ; - ,- •• '- • .;;:: '; .. ~. ".' " , '. I .'

" ,hatch~s>-This, free..:iWl-nlidiig 'form' is ;attracted 'to and .• ' .. _
•• ,~ ".: • '\,~ • ~ '. '".~ '. _. • ~ ,~. I

"subse:quentlY' perfett-ites_'eith'e~.the"foot"or the .mantle, ofth'e
'"--"--.,:" ..._..:.~.".~: .. .:.:._ .. '.... ' : .....•."'~' ....-... ' , " ... ~ .'-: ,:' ..~.~~. ... . "'.', .

.~naq ~ 'Ne~~ 'th!;; point-. o-f ..~etrat16h, 'the niir~cidlum' ,
.... •• -'.,;. , •• ' - ... co ,,', .,.'" " .,.. .. ::t '. '.-'"

,metamorpJ:1osell in'to' th~ pr~mary:germinal sac, viz. the mother;,
•• '~: .,'1' '. 'c,' " .'.0 , '.-,'. ",~ •• '" , '"r "~"'," "~~. of

, sp.oro.Cys·t. : Seconda~ g~p,UI\.Al, sacs, daughtersporo!=Y~ts,"
. ..~", ~ " .' ..".' .' ' , . . " .... . .

, , . emer,ge from ·the mother "~porocyst.. an«\ 'migrate to.the snail.' n. '.
f .. ..' :'1. '.... , \. ~ .'. • '.. ,", • : \ • ',' ••• ••

. ' 'dfges't!ive qland:'. Each ,d-atighter sporocyst, in turn9ives rise'
-' . :{t " " ~'" "I..', ".' . ''':, ,,' ': . . ... ,... _ ". _ ". ,.,."...

tp' numerOus for~-tailed ~rcariae. 'Th~cercariae escape as
• , •• ' , " l :" •• u .~" !'.:....'.,.;

" Cr~~:'~~i~~~ formS' from 'fh~' snail '~out.six weeks. af~r the
'. ,;::. ,', .': .', '. t;4 '". I

i1:lit.iAl ,inf.ection "and ~P9n penl,'tratinq the' definitive host
I • <' .. ' •

.-'ll. '.,,' '..
- -,1'­," ~ .

, . "

. i ..

, '. ~

'. ,

• < -
~.... ,.

" I;'. ~

..
,-

.'. •t· •

.,

"

•
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of

secondary'germinal sacs.

;'1:'
,,,~ "

develop into adults, a proces~ requir~ two to thr~e weeks

,(Brackett, 1940: Mc."Iu],lenand Beaver" i9~~) .
.~~ /!) ...

Studies on the; cellular events during the',life cyr.le
""'~ .. '

the digenetic trem~t~s have dealt predominantlr with' the'
. ~'. .

developme~toftiie e~ij'~' the miracidium, and the primary and.. - ' .
, ,

In comparison cerbarial deve~opment

>,has,been. iilvesti~ate(io~ly to a limit;d extent. 'In general,
, , .

,the morphogenes'is of the cercariae has been ,'considered', to
, . ,. . - - - .

, ".~::<~ - o", . .

parallel the patterJl of developmerit :of the free-Uving miraCidium
. _..... .'. '. . .._....:_.:~ .' ... "",:0. ",: .. " ,,',' "."., ..'

(R~es, 1940; see reviews, by Hyman, 19~i.,; Dllwes, ;1956}. specific',
-' .. . ",' , . '., .. " .'. .,'. ,.'

",;>"'> studies of ,~rc:'8.~i~l morpJ10getiesisha"e"c,on~nt~~tedonth«;l,
.. ,~ , .' . .' . . ,. .- ... ,.....

events that occur in e:ltner' thefi:rst',~pha$e, that is' from one
,.... ,'. '. :,' .... ". . -'. . '.' .', .. ' ':'. "''-'.: ., ':-' :',' '. " ", .. '. :~ ,"

., to about the .30 cell s~age'(Ch~n'~93l:Pi~;~"1,9;5~'LG~;H~rd';
, I ,1958 ; James' and' Bow~rs, 1967b) or the ;ermin,al phases of ' , .. "

ce~cariar growth ~enor9an format:ion~ccur~'(Rees" 194Q;'" ,',

Maldonad~ and Matienzo',",i947: c~enq:,~960; Oltmg 'and ·Jam~~, 1960:

Pan, 1965). Recently' C?en!j~and, Bier, (1972) ex~ned th!"" (
.- ~" ..

comple~e phasing of~ercariai develop~nt in SchistOsom~mansoni.

They divided cercari'al development into ,seven I successives:taqes,

of the

a naked' cell'
~ . .

based ,on, ?umber, of cells andion the.overal~~ape

cellular'masses: stage I, si~le ~ll:, st,.~ II,
. ',.'

,aggregate which is coinposed of, two, or more cells; stage III,

,

sph:rical qerm ball;::s-£aqe iv, elongati~lJqe,rm ball; staq!! V!,

tail-bud: stage VL, developinq cercarial structure "and organs;-
, ,

atago<VrI, ~ture cercaria (F~q. 1).
].. ". <> '.

"

, -,. ,~

, , I .

"
I



3.

\ '

For many specie,s of digenetiX,,:trematodes, the

cercaria is initiated from a single progenitor 'cell (for

;-eviews see Cart, 19'44; Cort et al., 1954). This single cell
. '

~ich has also been called a germinal cell (Cart, ,~944;

cbrt' et al. ~ 1948') divides:' 'one daughter i~itiates the- -. .'
. .

somatic cell line and' ,the other' daugh~er cell is.. th~ flrogenitor

of the germ'cell lir.e. ~e two major: processes of cercarial

development"are" the ,f~imation of the cercaria and the'
:.. . . .. '

establishment of .the geni tal"primordium. The cell~'of' -,

'the,,~enital piiinordium are :the·p~ump.ti~~·~~Oq~~S'!$~t
~ill give'ri~etti the gametes in th~ s'exuailym~tu~~ forms '

. ••. I . . '._., .. ,- . . • ..- '. ..... .•

• . , I . .

within thedefiniti,;,ehost. "At present1;J1ere'is'rio informati~n. .. ~ .

about~ep~tt~~ .of somatic' an'd germinal'. c::elluiarproHfe:,a.t:ion

with :re~pect 'tdestiniates of celr cycleparame~ers~~orqaI1ization

of. specific gr~thcenten'or proportions 'ofprolif.erating

and 'non~proliferatin~ eel1sduring .the gra.rti mid ,d-e~elop~nt'
. :.

of'the cercariae.'

The hazards to ,the trematodes of 'transferfrOl'll host'.~ ..
to host, are, ~~~~er~'le: a1l aresultfe\in~iy1duals..s~tvc;

to' maturity • p.robably a. compensation f0l)' the' high 'IllOrtlllity,

rate.in the. digenetic ,trematodes is an ektra~rdln'ary ;e~rodu~tive". - - ' . '"' ... ' . '

-ability: adults 'produc:elarge nwnbers of.· eggs and each
. . ~.

, I ,

Iliiracidilllll produces large nUlllbers of cercariae. It is

gen~r~llY accepted tha~ spermat~e~eSi~',~neSiSand zygote

formation are similar in'the adults ~~r ofspccies
I

/








































































































































































































































































































































































