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ABSTR.ê,CT

The postenbryonlc development of Pn

redlvlvuq comprlses four larval stages and. an adult
stage, The three free-Ilvlng larval stages can be

recognlzed on the basls of the degree of developnent

of the reproductlve systen, Â contlnuous and gradual

nultlpllcatlon of the nucl-el of the gonad. takes place

fhroughouf the larval stages" The sexes can be

separated even at the tLne of the second moult by a
lobe of sornatle cells ln the gonadu dlreeted_

anterlorly ln the males and posterlorly tn the females.

The lobe ln tlre males reflexes posterlorly at tÌ:e thlrd.

noult and at the fourth moult Jolns the rectum.

Sperm are flrst produced at the late fourth moult.

Thlrd. rooult fernales have a thlckened vaglnal prlnordlun

and at the fourth moult the spernaathecal and uterlne
prlmord.la are evld.ent, In the ad-ult f enale the uterus

elongates" Eggs are not prod_uced untll after copulatlon

and, hatch ln the uterus" It ls concluded. that gonad

d.evelopnent csn be characterlzed. by three stage

speclflc processes" Second stage gonad prlnordla d.ls-

play actLve nuclear dlv1slons wLthout much growth,

whlle substantLal growth of the prlnord.lun beglns wlth

the conpletlon of the thlrd. mouIt" The flnal dlfferen-
tlatlon of the varlous gonadal parts takes plaee only

after the fourth mou1t,



The effects of lnhlbltors of BIJA, proteln
and. DNA s¡mthesls on growth and. gonad developnent

d-urlng synchronl-zed. postembryonlc development of
P. redlvlvus was examlned. Actlnonycln D and.

Actldlone bl-ocked- growth and gonad d.evelopnent at
each stage but to dlfferent d.egrees, whlle hydroxy-

urea had. only sllghtly lnhll¡ltory effect on growth

but stopped gonad d-lfferent1atlon.

The uncoupllng of growth and gonad deveJ-op=

ment as a result of lnhlbltlon wlth AMD and. aetldlone
suggests that the rnacromolecular lnfor¡natlon for
d.lvlslon and prolLferatlon of the gonad. ls 1ald d.orcn

qulte early, probabLy d.urlng the thlrd. ¡noult or late
second stage juvenlle, wh1le the lnfornatlonal synthesls

for d.Lfferentlatlon occurs qulte late ln the fourth
süage larvae. Fourth stage larvae placed. ln AIvlÐ

or actld.lone aLl falled. to undergo gonad d-lfferen-

tlatlon" Hydroxyurea blocked the norphologlcal

organlzatlon of the gonad. but had. ilttle lf any

effect on growth¡ a hlgh 1evel of cell prollferatlon
ls evLd.enf wh1Ie gonad dlfferentlatlon ls never

achleved" Renewal of DNA synthesl-s ln the fourth
noult 1s requlred to conplete developnent.



INTRODUCTION

Nernatod-es are eutelle, that ls they have

a flxed. nuuber of nuclel that are nalntalned

throughout the entlre Ilfe of the organlsm (Hyman,

t95L), Grov¡th ls therefore d-ue to cell enlargement

and. not to an lncrease ln ce1l number. The

reproductlve system 1s the prlnclple exceptlon. to

cell constancyo showlng a sequentlal pattern of

growthn prollferatlon and dlfferentlatton of ceIls,
Sln and. Pastezrnak (t97L) have shor¡rn that the free-

tlvlng nematod.e Panagrellus sll=us1ae ls not strlctlJ¡
eute].lc; shorvlng some prollferatlon of the muscle

nuclel 
"

Pasterrrak and. Sa¡noLloff (1970), have

d.emonstrated that DNA, RNA and. proteln synthesls are

concomltant and. contlnuous durlng the growth of the

nematode, 3g43glgt}us. sl1q-Elg-e-" Protelns syntheslzed

ln the gonad. of P" slluslae are dlfferent from those

ln the somatlc tlssue (Cfrow and. Pasternak, t969) '
suggestlng that dlfferentl-atlon of the gonad af the

fourth moult is dependent upon a sequence of prlnary

bloehenlcal events lnvolvlng BNA and- proteln synthesls'

Changlng patterns of organelle morphology also occur

at thls tlne (Pasternak and Saurolloff , t972)" It oarr

be antlclpated therefore that alteratl-on of DNA, RlfA

and proteln synthesls would result ln norphologl'ca}



changes Ln the gonad,

Inhlblti.on of DNA, RNA and proteln s¡mthesls

ln synchronous eultures of the free-rlvlng nernatode

has permltted analysls of the requlrenent for rnacro-

nolecular synthesls d.urlng postenbryonlc growth of
P" sll-uslae (Pasternak and. Sanolloff , Lg?O) 

"

Thts r,{ork was carrled out to descrlbe the

normal pattern of d.evelopnent of the reprod.uctl_ve

system and to d.Lscover the patterns of rnacromolecular

synthesls d.urlng thls development Ln PanA$r.qlfuq

redlvlvus (Anderson, pers o comm" ) "



FIATERTALS AND I{ETHODS

Nenatode Cultures

!. red.lvlvus was malntalned. xenlcally on

,+,o% ezapdr d.ox agar (BBL) rn petrl plates at roon

temperaturêa Populatlons ln excess of 33,000 anlnals

per n1 !ûere obtalned. after t2-L4 d.ays under these

cond"lt1ons,

The flrst postembryonlc stage, lri utero, ls
caIled. the Lt stage and. the next four postpartum stages

are d.eslgnateð" L2o LS.-LLþ and. adult respectlvely" The

slnpJ-est crlterlon for recognlzlng the varlous stages

ln the llfe eycle ls the ]ength of the worm (Sanoll-off

arrd. Pasternaku 1968)" The mean lengbhs of ¡ JIB + 281t

(standard error), 5OZ + 13Ir, 662 + 42¡ and. BB1 + 109rt

respectlvely d.eflne the nLd points of L2, L3, Lb and"

young ad.ult stages of P. ggglv:!¡rug"

fso1a91on Proced.ure

Mass cultures of nematod'es from el-ght petrl

plates were freed of agar by passlng the contents of

each plate through two layers of factal. tl'ssue" The

srorms lqere passed. through a t25 mI separatory funnel

packed. w3.th a mlxture of glass mlcrobead's (0.50 nm

& 0"30 n¡n ln dlameter 1¡1), The flrst 10 to 20 nl

of effluent contalned excluslvely early second stage

3
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la:¡rae QA+ + 31p ( s, e, ) ) " The larvae were concen-

trated by centrlfugaËlon for J ml-nutes at 1400X9 and

re-suspended ln 4O nl d.lstlIled. water" They were

fhen dlstrlbuted. Lnto three spot d.epresslon plates

contalnlng 4 d.rops of Nlgonts Agar (Dougherty, 1960),

2 d.rops of anlmals and. 6 d.rops of lnhlbltor solutLon

or water. Each d.epresslon contalned. approxlnately

100 nenatod.es and. each experlment conslsted of 100

d.epresslonsr 6O experl-mental and 40 control. The

cultures were covered. and. placed l-n a moLst chamber

at z?o}, The resultl-ng growth to maturatlon vras

synchronous o

Statnlng Proced.ure

Samples were taken at 12 hour lntervals,
washed twlce ln d.1stlIIed. rvater, heat kllled. on a slld.e

and. flxed for 10 mlnutes ln Carnoyrs Fluld. (absolute

alcohol¡ chloroform; glaclal acetlc acld.; 6:J:1)"

For observatlon of growth rate and. gonad d.evelopnent

t¡uo dlfferent staLnlng proced.ures srere follov¡ed 
"

Temporary preparatlons were nade employlng a

nod.Lf1eatlon of Mulvey€s (f96O) technleüêo The fLxed

nenatod.es were aLr d.ri.ed. and. stalned. v¡lth three or four

d.rops of proplonlc orceln" A cover sllp was placed

over the d.rops and. the sll-de t¡as úIarmed. for a few
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mlnutes at 4OoC" Excess staln was absorbed and- the

mount sealed- wlth pollsh" Sl_i.d.es were exanlned. j. to
18 hours after stalnlng dependLng on the stage of
gonad. d.evelopment of the nematode sample.

Permanent preparatlons q¡ere made on "subbed,'

slld.es stalned. ln 0 "Jft Azur TI In Lfr sod.lum borate for
1 fo 2 mlnutes" The speclmens were d.ehyd.rated. ln
ethanol, counterstalned wlth 0"5% eosln ln ethanol,

cleared. ln xylene and mounted. ln DPX"

The stalned. ruhole rnounts r^¡ere examlned. and.

sel-ected. gonad d.evelopment was photographed uslng a

Carl Zelss automatlc phoüonlcroscopee

Chemlcals

Actlnomycln D and Act-Ðlone (cyclo-hexlnlde)

(Cal-btochen) and. hyd.roxyurea (B,D.H. ) were used. as

lnhlbtfors of RNA, proteln and DNA respectLvely"

The effectlve concentratlons of each lnhlbltor on

nematode growth and d.evelopnent were prevLou.sly

establlshed. (Pasternak and. Sanolloff, L970), Inhlbltor
solutlons were ad-d.ed. to s¡mchronously growLng popula-

tlons at varlous tl-nes d.urlng the posfenbryonlc perlod.

at flnaI concentratlons of 2Ou 10 and. 6 ye/n\ for
Actlnonycln D; 200 and. 100 l¡S/nf for Act-Dlone; and.

6OO anA 4OO ¡rS,/nl for hyd.roxyureao



BESULTS

Nornal PoF_tenbrEon.le trevç_lopngnt

fhe measureaents of Èhe d.lfferent larva1

stages are presented ln Table I" Three larval

stages occur betv¡een hatchlng and. the ad.ult stage '
The flrst stage ls ln utero a¡rd. was not examlned- ln

the present stud.y,

Second. Stage¡ The genltal prlnordlum

measures 8"2 I t.59y (s"e" ) and- le sltuated near the

nld. body reglon of the nenatodes. It eonsLsts of four

cells¡ two large eentrally located germtnal nuclel and

a s a].ler somatle nueleus at each end (Flg" 1 and- 12) 
"

Durlng the noult, dlvlslon of tþe sonatlc nuclei- fakes

place (Flg" 2o 3, 12 and. t3), the genltal prLmordiun

enlarges and. a sna.l] lobe eppears whlch proJects

anterlorly ln males (Fle, l+ and 5) e¡rd posterlorly ln

fem,ales (F1g" t4, 15 and. L6) 
"

Thlrd Stage: The thlrd stage ls charaeterlzed-

by consld-erable ee1l prollferatlon and- growth of the

genltal prlmordlun, ¡çJ.th the gonad- flnally flexlng

back on ltself d.lrected. d.orsally Ln females (Fls, L7,

18 ancl 19) and ventrally ln males (Flg, 6, 7,8 and- 9).

The greatest elongatl-on 1s ln the somatlc part of the

6



T.A,BLE I n Morphometrles
of d.evelopment of

of the d.lfferent stages
Pamagrell-us red.lvlvus .

STAGE
BODY

LENGTH
GONAD

LENGTIi

Lz

L, Fenale

L, Male

812¡r (s,e")

114 J la¡

6o + z9y

4op r 13p

3e3 ! 8Y

t366 + t)t+y

Bgz ! LLzy

ll8 I a6¡r (s"e,)

632 !'tzrr

63o + 36y

958 + L38l":

804 + 75y

L34I 3 1o8¡r

L356 + t33y

L4 Fenale

L4 Male

Adult

.å.d.u1t

Fenale

Male

7
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gonad. whlch lengthens pcsterlorly untll at the end of

the thlrd. stage lt has reached an overall length of

L3t+ + 14"4y ln fenales (Flg" 20) a^rr¿ 6o + 29"Ly ln the

males" In the thlrd stage nale the prlnordlaÌ splcule

pouch ls vlslbLe as a thlckenlng sunoundlng the rectumo

whlle ln females the vaglnal prlnord.lum ls barely

d.etectable.

Fourth Stage: Reglonal dlfferentlatlon of

the adult gonad. Ls manlfested Ln the gonatì.s of fourth

stage larvae" In the females the ovary and uterus

begLn to d.lfferentLate (Flg" 21.)" The uterus grolùs

constd.erably and occuples most of Ëhe bod'y lengthn A

tlrlckened. posterLor uterlne sac 1s also vLslble. The

vaglna beeomes llned wlth cutlcle and. the exÈernal vul-

Val openlng appearso The fLna1 fourth stage gonad. has

a mean overall length of &09 + L3.3Y (s'e.) (F19" 22),

Fourth stage nales show dlfferentlatlon of vas d.eferens

and. testls" The greatest elongatlon of the gonad' 1s ln

the growth zo;¡'e (Flg. 10) whlch grows posterlorly

toward. the rectum and flnally, after the noult' becomes

l-Inked. to the reotum to for¡r the cloaca, At the flnal

moult melosls ln the testls has begun and. several

mature sperm cart be seen (Flg. 1.1). The flnal fourth

stage male gonad reaches a meen overall lengüh of

393 + ?"5y (soeo)u
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Ad-ul-t: The adult fenale gonad. ls
eonslderably larger than the nal-e gonad (Ú66 !
t33tt vs 892 ! ttz¡t (s.e, ) ). The uterus Ls thlck

aralled wlth falnt strÌae narklng the eplthellal cel}

bound.arles sometlmes vlslble ln surface vlew through-

out the length of the uterus" Developlng eggs and

sperm are often seen ln the uterus after copulatlon"

The vaglna has muscular ¡ra]ls a¡d a tra¡rsverse vulva

sp1lt" The ovary 1s 1ong, extendlng sometlnes past

the post-vulvar sac (Fls. 23), The adult male testls

ls located- ln the anterlor flexed. portlon of the

reproduct|ve tract" Spermatogonia are located |n the

a¡rterlor half of the gonad. l{ature sperm are rarely

seen ln the vas d-ef erens,

Llfe Cycler Reproductton ln P. red-lvlvus Is

anphlnlctlc, The females are normally ovovlvlparouso

The l1fe cycle from egg to egg requlres 120 hours at
/r

25"e on 4ft czapek dox agar, Four ¡noults and four lar-

val stages occur. The flrst and- second stage last for
l+6 hours o the thlrd. stage 28 hours, the f ourth stage

36 hours and. adults produce eggs ln 12 hours 
"

Inhlbltlon of RNA Sy'nthesLs

There are two general responses to lnhlbltlon

of RNA synthesLs: (1) normal growth of the worm ls

tnhLblted. and (2) normal- development of the reproductlve
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system Ls blocked (Pastertrak and. Sano1loffu L97O) 
"

Actlnonycln D (40 ¡re/nl) was used. to Lnduce these

changes at three speclflc lntervals ln the l1fe

cycle of P. redLvi.vus. Tirey weres s'ecotrd. Juvenl-le

stage (0 hours) when the gonad ls under8olng actlve

nuelear d.lvlslon¡ thlrd. Juvenl.le stage (25-40 hours)

at,whLch tlme the gonad. ls undergolng prollferatLonu

and. the fourth Juvenlle stage (70-80 hours) tn whleh

aetlve growbh and d.lfferentlatlon characterlze gonad'

developnentn Second stage Juvenlle anlnals allowed. to

develop 1n the presence of Actlnonycln D for 96 hours

(Ftg" 42) show that LOo% of the anlnals â,re stl1l 1n

the second. stage " Both bod.y length artd. gonad d-evelop*

ment rqere'lnhlblted- to the sane d.egree (Flg" 2l+ and 25),

However, lf thlrd stage larvae were placed- ln

Actlnonycln D (Flg, 42) 78fr naa gonad.s characterlstle

of fourth stage juvenlles, wh1le ?9% falIed. to und-ergo

growth of bod.y length past the thlrd" stage (Flg" 26 anð'

2?r, Thus gonad d.evelopnent ls contlnul-ng whlle

a¡rlnal growth ls lnhlblted., Thls uncoupllng of gro¡vth

and. gonad d.evelopnent can be seen nore d-ranatlcally

v.rtth fourth stage larvae (Flg, Lþ2) pLaced ln Actlnomycln

D" Elshty-four percent show gonad d.evel-opment past the

fsurth la:r¡aI stage whlle onLy 52% contlnue to grow.

Complete d.lfferentlatlon of the gonad. however ls never

achleved. (Flg" 28 and. z.9) " The Lnhtbltlon s¡as found- to
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be reverslble when the animals were returned to antl-
blotlc free med-lun except 1n the case of tÌ:e second.

stage Juvenlles" In all stages gro¡sth 1s df.smpted. and.

d.evelopnent beglns after an lnltlal lag phese, wl-t|n ?B%

of the nematod.es reachlng sexual maturlty"

ïnhlbltlon of .Protg_ln Synthesls

Prevl-ous results obtalned wlth actld-lone

have shovrn that P" sllusl.ae nust nalntaln proteln

synthesls for growth (Pasternak and Samolloff,

tg?Ol " Ðevelopnent of P" rgd.lvlrn¡s placed l-n aetld.lone

(4oo ye/rr.J-) as second. stage larvae (Frs " l+3) was

lnhlblted.. Nlnety percent showed no gror,rüh or gonad

d.evelopment (F19" 30 and. 31) beyond- the seeond. stage"

Slrty percent of thtrd stage lar'v'ae, whlch were

allowed. to d.evelop 1n contact rulth the lnhlbltor solu-

tlon (F1g" 43) showed gonad d.evelopnent past the thlrd.

stage wh1le ?sfr grew to the fourth stage, (Flg. 32 and

33') " Slxty elght percent of fourth stage larvae whlch

were plaeed, ln actldlone solutlon (Ftg, 43),

showed. no gonad. d.evelopnent past the fourth Juvenlle

stage, whlle LO1ft proceeded to grol{ to the adult stage.

DLfferentlatlon of the reprod.uctlve system tras blocked-"

(Ft-g" 34 and. 35)" It seems that Ln contrast to RNA

synthesls there i"s a greater requlrement for proteln

synthesls ln gonad- d.evelopnenf tha¡r for growtho as gonad

d.evelopment rcas lnhlblted to a greater extent than growth,
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Anlmals returned to an.tlbS-otlc free medlum

resumed. normal growth and developrnent after an

lnltlaI lag phase ln 90% of the anlnal-s tested-" Only

those anlmals 1n contact rqlth the lnhlbltor solutlon

for more than 48 hours falled to recover completely.

Inhl_bitlon of DNA SYnthesl-s

Irr Po glluslae hyd-roxyurea was found' to block

RNA arrd" DNA synthesls by about 50fr and' markedly

lnterferred- wlth proteln syntheslso wlth 1Lttle

effect on growth (Pasternak and- Samolloff, L97O)'

Howeveru hydroxyurea blocked deveJ-opraent of the P.

slluslgg reproductlve system. Three separate experl-

ments r\,ere carrled out uslng hydroxyurea (6OO Pg/n-lt

to examlne thls lnterference wlth development of the

reprod-uetlve system" Second stage juvenlle anlmals

ln lnhlbltor solutlon (Flg" 14) showed- altered' gonad'

d.evelopnent, Examlnatlon revealed. that only 22% of

treated. worms had normal gonad-s wh1le 6a% naa lncom-

plete gonad.s an¿ tB% naa gonads not d.eveloped. past the

thlrd. juvenlle stage (Flg, 36 arid 37), A hlsh 1evel of

eell proli-feratlon nias evld.ent ln the lnconplete gonad's

but ce}I dlfferentlatlon had. been conpletely bloclced-

(Flg" ¿l1). In nost cases the growth zone of the gonad.

had_ not matured. (nfg, 38, 39 and. 40) " The vrorms d.ld.

not d.lsplay thls varlable effect ln body growth, wlth

Bo% showlng lengths equal to the ad-ult stage" Beeovery
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from hyd.roxyurea l{as apparent t¡lthln a very short

tl-ne upon return to antlblotlc-free medlum" In over

96'fi of tlne cases, serual naturlty was reached-, and

copulatlon occurredu



ÐISCUSSTON

Norma1 gonad developneirt ean be character-

lzed by three stage speelflc processes" Second

stage gonad prlnord.la d-lspIay aetlve nuclear

d-lvlsLon wlthout much growth, wh1le substanfl-al

growth of the prtnord.S.um beglns wlth the conpletlon

of the thlrd. noult. The final d.i.fferentlatlon of

the varlous gonadal parts takes place only after the

fourth ¡noult (Fle,45)" Thls ls ln agreement wlth a

prevlous study on the gametogenesls, ehromosome nunber

and. reprod.uctlon of P" redtvlvus (Hechler, t97O) 
"

However, thls stud-y has denoted the tlmes of dlfferen-

tlal- ceI} actlvltles and has d.emonstrated a dlserete

tenporal Sequence of events lnvolvtng iruelear d.lvlslons,

cell prollferatlon and. dlfferentlatlon ¡vlth the onset

of nelotlc aetlvltles d.urlng the d.evelopment of the

reproductlve systemo

Gonad Developnent and Inhlbltlon of Hacronoleqglar Synthesls

Actlnonycln-Ð (¿ltO) causes a block Ln proteln

synthesls by blndlng to the guanlne bases of DNA'

preventlng genetlc transcrlptlon by RNA polymerase,

and.u therefore lnhlbltlne DNA d.epend.ent RNA synfheslso

(netctr and. Goldbeng, t964; Muller and Crothers, 1968) 
"

In thls study Al{D has been useful ln studylng Sene

act1vlty d-urlng developnent of P" red'lvi-vus " The f act

14
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that second stage Juvenlle larvae dld not d.evelop any

further 1n Èhe presence of Al{D shows that the lnforma-

t1on, ln the form of RNA' for prollferatlon and

d.lfferentlatlon of the gonad ls Ia1d. d-own after thls
stage o When thi.rd. and. fourth stage Juvenlle larvae are

placed ln AI,ID, gonad d.evelopment occurs to the next

¡noult whlle growth of the worm ls lnhlblted" Thls

uncoupllng of growth and gonad d.evelopment ls

surprlslng, ït ls expected that the effect of the

lnhlbltor would. be an lmmedtate one &s ln the case of

the seoond stage larvae (TO results)" The fact that

AMD had. a greater effect on growth than on gonad

d.evel-opnent lnd-lcates that contlrtued. RNA synthesls ls

relaflvely more tnporfant ln grovrth of the worm than

ln gonad d-evelopmentu The results further lndleate

that d.evelopnent of the reproductlve system at each

moult depend.s upon bursts of n-BNA, especlall-y durlng

the fourth moulü when gonad. d.lfferentlatlon takes

placeo Thus, the effect of AMD ls more a functlon of

when lt ls appIled., âs the pool of preformed. ¡n-RNA ls

sufflclent to contlnue gonad. developrnent fo the stage

where the next burst of n-RNA ls nad.e" Whenever the

LnhLbltor ls applLed- the nernatod.es nrLll- proceed to

d.evelop to the next moulto üsLng up the supply of pre-

synthesLzed n-RNA" !{hatever nacromolecular synthesls

ls requlred for rnorphogenesls, lt 1s requlred. ln large
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doses at the beglnnlng of each noult to be used for
the rest of noult, Thls concept of pre-syntheslzed.

and. posslbly stored. lnformatlonal RNA for use ln
proteln synthesls ls not a new one and has been welJ.

d.ocumented. ln the developnent of sea urchlns and.

anphlblan embryos (Gross and Couslnea, t964¡ Gross

et all, t96l+, Gross, 1968 and. Brachet, L968) 
"

Actld.lone ls capable of blocklng DNA, RNA

snd-/or proteln synthesls ln d-ifferent bloLoglcal

systems (Bennet et all tg6,4; deKloet, tg66, Slege1 and-

Slsl-er, L963) " In P" slluslae lt lnhLblts all- three

(Pasternak and Samolloffu t97O), The maln actlon

of the antLblotLc l-s however lnhlbltlon of proteln

b'losynthesls" The transfer of amlno aclds frorn t-
BNA to the rlbosomes ls consld.ered to be the prlnary

slte of actl-on of actld.lone, Other eff ects are

probably a secondary result of thls lnterference wlth

proteln blosynthesls (Stegel and- Slsler, t964)o In
P" red.lvlrms proteln synthesls nust be naLntalned-

throughout the entlre llfe cyele for growth" Thls

conforms to prevlous work wlth P. glluslae.
(Pasternak and. SarnoL]off , I97O) " Second stage Juvenlle

larvae allowed. to develop ln the presence of actld.lone

were 1nhLb1ted., No growth and. gonad. d-evelopment slere

detected-" Thls ln ltseÌf suggests that lnfornatlon

transfer for growÞh and further developmenü of the
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gonad. ls Iald. dorqn latern d.urlng ihe thlrd stage,

The uncoupllng of growth and gonad- d-evelopment rqas

apparent once more when thlrd and. fourth stage

lartrae were allowed. to eomplete d.evelopment ln actl-
d.lotre soluËlon" Thls tlne, however, lt v¡as gonad.

development whlch was lnhlblted to a greater d.egree

than growth, There seems to be a greater requlrement

for proteln synthesls ln gonad. developnent than for

body growth" The effect of the actLdlone was not

lnmed-late ln the later stages of the ]1fe cycle as

expeeted, lnstead. the anlmals proceed.ed to d.evelop to

the next moul-t suggestlng that assembly of preforned.

protel"n ls Lnportant ln later fornqtlon of the re-

prod-uctLve system" Ultrastructural reorgan3.zatlon

wlthout obülous synthesls has been denonstrated. ln

bperrnlogenesls ln P. slluslae (Pasternak and.

Samolloffr t972), The sluLlarlty ln the results ob-

talned wlth AMD and Actldlone suggest very strongly

that more than control of transcrlptlon occurs ln

sequentlal gene actlvaûlon d.urlng d.evelopnenf 
"

Presyntheslzed. m-RNA nay be stored. for later use Ln

proteln s¡mfhesLs 
"

Table II summarlzes the d.evelopmental events

that take place at each stage ln the l1fe cycle of

Po redlvlvus " It can be seen thet the l-nfornaf tonal

synthesls for d.lvLslon and. prolLferatlon of the gonad.
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ls Ia1d d-own qulte early, probably durlng the thlrd
mouLt or late second stage Juvenlle stageu whlle the

lnfornatLonal synthestr s for d.lfferentlatlon occure

qulte late ln the f ourth stage larvae " ThLs ls shor,¡n

by the fact that fourth stage larvae placed_ ln
AMD or actld-lone all faLled. to undergo gonad dlfferen-
tletLon,

Hydroxyurea 1s a'potent lnhlbltor of DNA

s¡iàáthesls (Young and- Hod.as, 1964), Hyd,roxyurea bloeks

morphologlcal organlzatf.on of the gonad br¡t has llttleo
lf any, effect on growth" The rnorphologlcal effect
seened. varlable, In all eases a htgh level of cell
prollferatlon ls evldent whlle gonad d.lfferentlatLon

ls never achleved." Thls suggests that the eonplete

rener¡al of DNA synthesls ln the fourth stage ls
requlred. for d.lfferentlatlon of the gonad., The nema-

tod.e Turbatrlx acetl_ d.evelops only a rud_lnentary

reprod.uctlve s¡rstem ln the presence of hydrolrJnrrea

(Gershonu t9?O)" Several explanatlons are posslb1e.

There nay not be sufflclent DNA for d.Lfferentl-atlon ln
the gonad, Thls could come about lf the DNA ¡,rere to
becone d.lnlnlshed. by faLlure of complete synthesls of

the chromosomes at eaeh dlvl-slon as the cel].s dlvi.de

nlfoflcally ln the gonad." DNA synthesLs ls lnhlblted
but ceII d.l-vlslon contLnues resultlng ln a¡l aneuplold

nucleus wi.th random pareelllng out of the ehromosomal
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naterlal at each d-lvlslon" Dllutlon due to Lnhlbltlon

of ÐNA synthesls would thus be a rand-om event

resultlng ln the varlab3.11ty 1n abnornal gonad

d.evelopnent that ls observed.n A seeond explanatton ls

that the lnformatLon for d.ifferentlatlon ls regulated

at the level of repllcatton. Pasterrrak atnd

Samolloff (fg?O) showed. 50É lnhlbltlon of DNA syrrthesls

¡rlth hydroxyureao It Ls posslble that thls lese1 of

DNA synthesl-s is sufflelent for cell prolLferatlon

but not for selected. replleatlon of lnformat|onal ÐNA

(gett , t969). ThLs could. explaln ¡rhy the anlmals

recover qulckly from hyd-roxyurea and- complete gonad-

d.evelopnent" BeI} ßgZt) has shown that hydroxyurea

depresses, $I-DNA" synthesls preferentlally but does

not affect DNA transport between eeII conpartments"

However, one tcould. expect a consta¡tt effect 1n the

gonad. whleh ls not seen. The varlabtllty nay refleet

the rnultlpllclty of repllcatlon d-epend'ant events

assoclated wlth the flnal dlfferentlatlon of the

reproductlve system"
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FIGURES 1-41 Postembryonlc d.evel-opnent of the
reproductlve system ln Pææ.}Ius.
red-lv1vus. Propl-onlc-orceln sialn,ffiTo¡r"



FIGUBE 1 - Genltal prlnordlum of flrst moult
larvae. 1000X.

FIGURE 2 and. 3 Second Stage " 1000X"

FIGURE 4 Late second stage nale u L000X.

FIGURE 5, Second noult male lobe dlrected.
anteriorly" 1000X,

FIGUBE 6 Early thlrd. stage n^q1e " 25OX,
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FIGURE 7

FIGURE 8

FÏGUBE

Thlrd. stage maLe" 25OX"

25oX,Thlrd. ¡ooult male 
"

Early fourth stage male" Reflex
located- ventrally" 250X"

Fourth stage male" 160X

Ad.ult nale " 63X.

9
1s

FTGUNE 10

FIGURE 11
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FIGURE L2 Genlta1 prLmordlun of flrst moult
lawao 1000X,

FIGUBE L3 Second. stage gonad." 1OO0X"

FIGURE 1¿+

FIGURE L5 Second. noult fernale" Lobe dlrected
posterlorly. 250X"

FIGUBE 16 Th1rd. stage female" 160X,

FIGURE 17 Thlrd. uoult fenale" Reflex ls
d.orsally located." 160X"
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FIGIIRE

FÏGURE

FIGURE

FIGURE

18, 19 and. 20 Fourth stage fenale,
L6ox"

2t Fourth noult female, Beglnnl-ng
of d.lfferentlatlon" 160X,

22 Vlrgln adult fenale with eggs"
63x,

23 Adult female wlth flrst stage
larvae ln the uterus, 63X"
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FIGURES 2l+-29r Inhlbltlon of normal d.evelopnent
of the reproductlve system of Actlnonycln-
Ðu

FIGUBE 24 Flrst noult gonad. at tlme of
T^ exposure. 1000X,

U

FïGUBE 25 Gonad prlnord.lum resultlng
after 96 hours of Actlnonycln-D
exposure at TO" 1000X,

FIGURE 26 Second. moul-t gonad at tlne
of Tt exposure, 250X,

FIGURE 27 Thlrd noult gonad resultlng
from Actinomycln-D treatrnent at
T.' showlng actlve prollferation.
25ox.

FIGURE 28 Fourth stage gonad at tlne
of T, exposureo 160X,

FIGURE 29 Late fourth stage gonad
resultlng from ActlnonycLn-D
'treatment at To. No dlfferentl-at1on
ls apparent, T.60x"
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FIGUBES 30 35t Inhlbltlon of normal devel-opnent
of the reproductlve system by Actld.lone"

FIGURE 30 Flrst moult gonad- at tlne
of TO exposure" 1000X"

FIGUBE 3t Second. stage gonad. resultlng
after 140 hours of Actidlone
exposure at T0. ?50X"

F]GUBE

FIGURE

32 Thlrd. stage gonad- at tLne
of T1 exposure " Z|OX,

33 Thlrd moult gonad. resulflng
frorn Actld.lone treatnent at T1
showlng actlve prolLferatlon " 250X,

FIGURE 34 Fourth stage gonad. at tlne
of 12 exposure" 160X

FIGIIBE 35 Late fourth stage gonad.
resultlng from Actld.lone treatment
at T2o No d.lfferentiatlon ls apparent,
160X.
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FIGURES 36-4Ll Effect of Fiyd.roxyurea on normal
d.evelopnent of the reprod.uctlve system
d,emonstratlng the varlable effect
obtai-ned"

FIGURES 36, 38 and. 40 MaIe reprod.uctlve
systems 

"

FIGURE 36 Inconplete gonad- " 250X"

FIGURE 38 Testls developedo but no
vas d"ef erens, 160X.

FIGURE 40 Gonad. dlfferentlatlon v¡lth
sperm, Vas d.eferens not developed.
160x.

FIGURES 37, 39 and. 40 Female reproductlve
systemo

FIGURES 37 arñ" 39 Inconplete reprod.uc-
tlve system" L6oX,

FIGUBE 41 A hlgh level of cell prollfera-
tlon" 160X
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FIGUBE 42 Effect of the add-ltlon of Actlnonycln-
D on gonad length and bod.y length at three
d-lfferent tlmes durlng postembryonlc
d.evelopment, T6 ( 0 hour ) second stage u

T1 (25-49 hours) tnir¿ stase u Tc (Zo-eó
hôurs) fourth stage. Arrows cleñote ti-ne
of ad.d.1t1on"

a Bod.y length control 
"b Bod.y length treated-,

c Gonad- length control,
d. Gonad. length treated"
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FIGUBE 43 The effect of ad"dLtLon of .åetidi-one
at three d.lfferent tlnes on gonad lengfh
and. bod.y length durlng postembryonic
developrnent " T^ ( O hour ) second stage ,
T1 (25-I+o hour)"thtrd. stage u T? (ZO-go hour)
föurth stage" Arrows denote tfnes of
addltlon.

a'- Body length oontrol,
b - Body length treated.,
c - Gonad. length controlu
d - Gonad length treated.
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FIGURB 44 The effect of the add-ltlon
of hyd.roxrurea on develoPment of
second stage larvae"

a - Bod.Y length control 
"b - Bod.Y length treated.

c - Gonad length control'
d. - Gonad length treated,
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FÏGURE 45 Sunmary of gonad d.evelopment ln
Sanggre[u_g Ledlvlvus_ denotlng stage
specif Ic events, Arrov¡s shov¡ tlnes
of second and. thlrd noults,
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TABLE II" Effects of growth
and gonad developnent

lnhlbltors on growth
of Panagrellus re_Q_I-r¡lvus

TBEATMENî BODY LENGTH GONAÐ DE\TELOPMENT

LZ ln Actlnonycln D

L3 ln Actlnonycln D

L4 ln

LZ 1n

L3 ln

L4 ln

LZ ln

AetLnonycln D

åctldlone

Actldlone

Actld lone

hydroxyurea

LAjft at

79ft at
Zlft at

52ft at,
48fr at

90ft at,
Iofr at,

25fr at
75ft at

Loa% at

Lt+
adult

t00% ad.utt

L2

L3
L4

L4
adult

L2
L3

L3
L4

adult

Lïofr at L2

22ft at L3
?8ft at, L4

t6% at, L4
84ft at, adult

90% at, Lz
LAfr at Lj
$o'fr at L3
60fr at t4
32% at L4
68ft at, ad.utt

18% at Lz
60% lncomplete
22fi adutt

tÙjfr adult

2jfr
8}ft

No Treatnent



APPEhTÐIX

The morphology of the reproductLve system

Ln nenatodes has been ¡qell documented by nany

lnvestlgators, lnclud.tng Chltwood (L930, tg49),

Chltwood and Chttwood. (1950) , Fi.llpJev (L929),

Hlrschnann (1960), illrschnann and Trlantaphyllou
(t96?) " Machln (t9j6), Thorne (t93?), Trtantaphytlou

a¡rd. Hlrschmann (tg6}), and. Wu (1958).

Ne¡natodes generally are dloecLous or bL-

sexualu that ls, they exlst as separate males and

fenales" Fena.les and nales can be dlstlngulshed by

thelr prlnary and secondary sexual characters.

Hales can be readlly separated from fernales by the

presence of a copulatory apparatus and. ln nany cases

by thelr smaller sl-ze, The reproduetlve system ls
slnllar ln both sexes of all nematodes" It ls

composed of L or 2 tubular gonads srhlch nay vary

greatly ln length and. nay be stralght reflexed or

co11ed,

In most nernatod-es the germ eells are pro-

llferated only ln the proxLmal end. of the gonad"

The proxlnal end of the gonad l-n fernales i.s occupled

by the ovary, a tubular sac ln v¡hlch fhe germlnal

cells d.eveLop, In generalo the ovary can be sub-

dlvld.ed lnto two reglons: 1) The germlnal zone.
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A reglon ln whlch rapld. dlvlslon of cells takes
pLaeeg 2') The growth zorLer A regLon of gradual ln-
erease ln slze of the oogonla" The free end of the

ovary rnay be elther reflexed or lt nay be out-
stretched, The ovary ls follorsed. by the ovlduct, a

functLonal rather than a structural entlüy of the

female gonad." It ls a constrlctedu thlck-walled.

reglon between uterrrs and ovarye The ovlduct ls
attached to the uterus whlch ls a broad. tube llned
¡rlth a f1.at-o cuboldal eplthellum and covered by a
muscle layer of clrcular and ob}1-que flbers, The

beglnnlng of the uterus r¡sual1y functlons as a
spernatheca and fertlllzatlon occurs 1n thls reglon.

Females wlth one genltal tube generaì-ly possess a

post rnrlva uterLne sac, r¡hlch nay functlon as a
spernatheca. The eggs are stored 1n the uterus a"nd

as they pass dlstally along lt they und.ergo fertlll-
zaflon and. rnaturatlon and. some d.egree of embryonlc

d.evelopmentn Dlsta11y the uterus or uterl enter a

eommon tube, the vaglna whlch ls Ilned ¡cl-th cutlcle
and. provld.ed. ¡slth muscles. The vaglna ls usuall-y

qulte short and opens through the fenales gonopore,

the vuIva,

The testLs of ne¡natod.es can also be sub-

dlvlded lnto a germLnal zone and a growth zone" The
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maturatlon of the sperm takes place at the end of

the grorrth zone, The spern are of dlfferent shape

Ln the varlous nematodes, some belng amoebold or

round.ed., flagellate or conlcal" The free end of

the testls Ls often reflexed. The testls ts

followed. by the semlnal veslcle whlch Ls a dllated
portlon of the male gonod.uct and- functlons ln
storage of sperms The maln part of the nale gono-

d.uct ls the vas d.eferens " It ls usually composeri of

a tubular and gland.ular regl-on" It may be provld.ed

¡¡lth a musculature throughout lts length or onì-y ln
1ts ternlnal portLon"
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