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B io log ica l  a c t i v i t i e s  of  i n sec t i c i des  do not ~emain r e s t r i c t e d  
to  t a ~ e t  o~antsms bu t  also extend to  non- target  o~antsms which 
p lay an important ro le  in  the ecosystem. A lga l  c e l l s  c o n ~ t t u t e  
a major p o r t i o n  o ~ n o n t a ~ e t  organisms and thus,  the understand- 
ing of l i k e l y  e f f ec t s  of  i n sec t i c i des  on these c e l l s  i s  of  
importance. For s~lch s tud ies,  a lga l  c e l l s  of  Chlan~domona~ 
~e tnha rd t i t  can be used as a model system as the l a b o r a t o ~  condi-  
t i ons  f o r  the sexual and asexual growth of t h i s  o~antsm are wel l  
es tab l ished (Hudock 1976; Levtn and 5"bersold 1960).  ~ e ~ l t s  from 
t h i s  paper  p r o v i d e  i n fo rma t ion  on ~J t~* t  of  gametes  and fo rma t ion ,  
maturation and meiot ic  d tv l s ton  of ~ o t e s  of Chlamydomon@~ ~et n -  
h a r d t t !  ~ollo~rInq s lnq le  t~eatment of  synthe t ic  i nsec t i c i de  
( e n d o ~ l f a n ,  ~ l a t h i o n  or  pe rme th r tn )  to  bo th  o r  one of t he  two 
opposite mating tyloes at one of  the f ~ r  developmental stages in 
sexual l i f e  cyc le .  Repo~t~ concerning possib le e f f ec t s  of 
i nsec t i c i des  on sexual peopoqatton of  a lgal  c e l l s  are few in 
l l t e r a t u ~  (Cain and Cain 1984). 

MATERIALS AND MEt'HODS 

Cel l  c u l t u r e s  of  Chlamydomonas r e J~ha~d~t i  mating t y p e  90 (nfc +, 
female) and 89 (wfc-, male) were obtained fzom Dr. Hl lzabeth 
Harr is ,  Chla~domonas Genetic Centze, Department of  Botany, Duke 
U n i v e r s i t y ,  Durham, NC 27706, U.S.A. mt ~ and mr- c e l l s  were 
grown in  yeast ex t rac t -ace ta te  medium in  ~ontimJous l i g h t  (3750 
lux)  fo r  96 hr at 25~ (3ueoka 1960). mt and mr- gametes were 
obtained by mlspendtn9 the respect ive vegetat ive  c e l l s  in n i t rogen 
de f i c i en t  medium fo r  18 hr  in  l i g h t  (Chtang et  a l .  1970). Condi- 
t i o n s  fo r  fus ion  of  mt§ and rot- gametes to f o ~  young zygotes, 
maturat ion o f  y~jng zygotes, meiot ic  d i v i s i o n  of mature zygotes 
and f o ~ a t i o n  of  v i s i b l e  co lon ies  were fol lowed as described by 
3ager and Granick (1954) and Levtn and Ehersold (1960). The 
e f f t c t enc tes  of  gamete and zygote f o ~ a t i o n s  were found to he in  
the range of  99 to  100 per cent (Mar t in  and Goodenouqh 1975). 
Veqetath, e c e l l s ,  gametes and zygotes in suspension were counted 
by haemocvtometer. Maturat ion of  young zVootes on p la tes  was 
monitored mic roscop ica l l y  by us ing two paraneters;  ( t )  enla~jement 
in  size (Levtn and Ebersold 1960) and ( t t )  change in co lour  from 
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green to pale orange (~mith 1q76). Disappearance of the r~cteolus 
t~ mat-re zVqOte (Haskell 1060), one of  the spec i f i c  c r i t e r i a  o f  
the ,~mophage - the fiRSt, s~.a~e of meiosis, was selected to ascer- 
ta[q the comn~ncemen~ of meiOSiS. P~esence or disappearance of  
the mtcleolt~s i~ mature zygotes was determlned microscopical ly 
after sta[nlng of the zv~tes ,,~th crvsta! violet, a known nucleo- 
lus spec i f i c  stain (Haskell 1960). 

=~ndosulfan and malathion ,.e~ obtained from Excel Incklstrles, 
Bombay, India, and per~thrln was acquired from The Alkall Chemical 
V~)rPoration (India) Limited, Calcutta, Ind ia .  The concentrat ion of 
each insec t ic ide  expressed in the experiment i s  based upon i t s  
pu r i t y  (around 94 per cent) .  Solutions of endosulfan and malathion 
were prepared in dimethyl sul foxide (D~SD, AR grade, Sigma Chemical 
Company, U.S.A.) .  ~olut ion of  permethrin was prepared in absolute 
e thy l  alcohol. In a l l  experiments, the concentration o f  these 
solvents in the growth medium was maintained at or less than 2 per 
cent. In a separate set of experiments, it was confirmed that 
DM~ and ethyl alcohol at the concentration of 2 per cent in the 
medium do not affect the sexual life cycle of Chlam~demonas cells. 

~ndomllfan, malathlon or permethrin treatment to cells was carried 
out at 0.~5 x 10-4 M, 1 x 10 -3 M and 1 x 10 -3 ~ concentration, 
respectively. The presence of each insecticide at the resl~ctIve 
concentration in the qrowth medium inhibits the vegetative growth 
(mitotic ceil division, g~o;~th measured at 7~ hr) of Chla~dQP~ol)as 
cells completely (~llts not Included). Ceils treated for 2 hr 
with endosulfan (O.q5 x i0 -4 ~,{) or malathion (I x 20 -3 M) show 
50 D~r cen~ Inhlhlt~on in vegetative growth (mea~red at 72 hr 
after Inoc:llatlon of the treated cells), ,dnereas, those treated 
w~th permethrln, for a period as long as 72 hr, exhibit the qro~dch 
s~mllar to that oF untreated cells (re~llts not Included). 

T~atmen% of endosulfan (0.25 x 10 -4 M), malathion (2 x I0 -3 M) or 
permethrln (1 x 20 -3 M) for 2 hr r~.riod vtas accorded to opposite 
matlnq tyPes (both, or either one of the. tv~) at one of the four 
developmental staqes ~-veqetat ive ~tage, a f t e r  gametoqenest~ 
(gametes), during=the fus ion of  mt and mr- gametes and i~media- 
tety after the fusion of gametes (young zvgotes) 7 in serial llfe 
cycle. As the tzeatment of endosulfan (0.25 x i~ -4 M, 2 hr) 
resulted in loss of population of vegetative cells, gametes Of 
opposite meting types, and young zygotes (4~, 45 and 20 per cent, 
~spect~vely), the respective segment of population alstalnlng the 
treatment was used in the experiments. Ho,~ever, the treatment of 
these insec t ic ides  accorded during the fusion of mt§ and mr- 
gametes did not a f fec t  the level  o f  zygote formation. Treatment 
(2 hr) of  malathion or  Pem~ethrin to vegetat ive ce l l s ,  gametes and 
young zygotes did not show loss in  respective populat ion. 

RES[ILTS AND DIEU~ION 

It Is dlscennlble from data given in table I, 2 and 3 that treat- 
ment of endosu!fan, malathion or  permethrln to both or  either one 
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of the opposite mating types, before (vegetative ceils) and after 
gametogenesls (gametes), and during the fusion of gametes, does 
not a f fec t  the l eve l s  of  gamete and zvqote format ions.  Th is  would 
imply tha t  p r i o r  treatment of  these Insec t i c i des  to male (mr-) and 
female (mr § c e l l s  may not In f luence the f o l l ow ing  biochemical 
developmental p roces~s  occur r ing  dur ing gametogenesls and fuston 
of  mt and mr- gametes= degradat ion of  ribosomal RN.~ (',~tese 1976), 
extension tn f l a g e l l a r  length  tensing et a l .  1983), d i v i s i o n  of 
gametes (Martin an~ Goodenouqh 1975), synthesis  of glycoprotelns 
r e~ l i r ed  f o r  recoqn i t ion  of  opposite mating types f o r  pa i r  forma- 
t i o n  (Mart in an~ Goodenough 1975), Induct ion o f  l y r i c  enzymes 
needed fo r  shedding of  gamete c e l l  wal l  (3ne l l  1982), synthesis  of 
p ro te ins  ~ q u f r e d  fo r  format ion of t ubu la r  s t ruc tu re  and chanotd 
body on mr. and mr- qametes, r espec t i ve l y  (Triemer and Brown 
1975). That the young zygotes formed a f t e r  the t reatment of  endo- 
su l fan ,  malathion or permethr in to  cel l .s,  as mentioned above, can 
complete the process of zygote maturat ion was observable by micro- 
scopic examinat ion of  the z~/gotes Z- increase tn s ize (Levtn and 
Ebersold 1960) and change in  co lour  from green to  pale orange 
( ~ i t h  1976) ( r e s u l t s  not inc luded)_7.  This ind ica tes  tha t  pr io r  
exposure of  these i nsec t i c i des  to c e l l s  may not  i n t e r f e r e  wi th  
the processes of zygote maturat ion,  l i k e  - synthes is  of  ribosomal 
RNA, zygote wal l  formation and d e d i f f e r e n t i a t i o n  of  ch lo rop las t  
s t ruc ture  (~ano et  a l .  1984; ;u et a l .  1977)o Thus, from the 
resu l t s  described so f a r ,  i t  appears tha t  expression of  sex 
a l l e l e s  and genome regions invo lved in  the format ions of gametes, 
young zygotes, and maturat ion o f  young zygotes occur in endosulfan, 
malathion or per~mthrtn t rea ted  c e l l s  as in  unt reated cont ro ls .  

Althouqh, the t reatment of  one of  the three i nsec t i c i des  to both 
the mating types does not  I n t e r f e r e  w i th  the format ion and matura- 
t i on  of  the. young zygotes, a l l  o f  the mature zygotes  thus formed 
do not  d i v ide  on the f i r s t  day as In  untreated con t ro l s .  I t  i s  
d i sce rn ib le  (Table 1,2,3) t ha t  tn the populat ions of  mature zygotes 
formed a f t e r  the treatment of  ( i }  endosulfan, ( i t )  malathion or 
( t i t )  Permethrin to  both the mating types at the developmental 
stages - before qametoqenesis, a f t e r  qanetogenests and dur ing the 
fusion of  gametes ( A t t i ,  B i i i ,  C of  the tab les)  - (1~ 0 ,0 ,0 ,  
( f t )  ~ ,  70, 50 an~ ( t i t )  65, 80, (~ per cent of  tl~e zygotes 
unde~o melotlc dlvlslon on the f i r s t  day, respectlve!y (in un- 
treated con t ro l s ,  100 r~.r cent of  the mature zygotes d iv ide  on the 
f i r s t  day~. TF~Js, ~o ten t ta l  o f  endosulfan In swaying away more 
number of mature zygotes from metosts  in normal per iod i s  . s igni f i -  
can t ly  higher  than tha t  of n~ la th ton  or permethrtn. Between 
malathion and permathrfn, such po ten t i a l  of the l a t t e r  i s  s l t g h t l y  
less than tha t  of the former, L ikewise,  d i f fe rences  in  s~ch 
po ten t i a l s  of  the three i nsec t i c i des  are also d i sce rn ib l e  f o l l ow-  
in(] t h e i r  exposures to  young, zygotes. Data (D of Table 1, 2, 3) 
show tha t  0, 50 and 100 per cent of  the mature zygotes formed 
a f t e r  the t reatment of endosulfan, malathion or  permethrtn to  
young zygotes, d i v ide  on the f i r s t  day, respec t i ve l y .  
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A d d i t i o n a l l y ,  the r esu l t s  described so fa r  po in t  out tha t  opposite 
mating type c e l l s  at four  stages of development (before and a f t e r  
qametogenests, dur ing  and t ~ e d t a t e l v  a f t e r  the fus ion)  in sexual 
l i f e  cycle e x h i b i t  dtf_Cerential s e n s i t i v i t y  (concerning meiot ic  
d i v i s i o n  of  mature ~qo tes  on the f i r s t  day~ to  th ree Insec t i c i des  
( A t t t ,  B t i t ,  C, D, of Table 1, 2, 3) .  The c e l l  stages - dur ing 
and immediately a f t e r  the fus ion  of  gametes - s h o w  maxt~Jm s e n s i t i -  
v i t y  to  malathion.  ~1tth permethr in,  the ce l l  staqe - before 
gametoqenesls (vegetat ive ce l l s )  - e x h i b i t s  such s e n s i t i v i t y .  On 
the other  hand, stages of the c e l l s  - a f t e r  qametoqenesis (gametes) 
and immediately a f t e r  the fus ion  of gametes (young zygotes) - show 
minimum s e n s i t i v i t y  to  malathion and perce thr tn ,  respec t i ve l y .  
Data ( A t i t ,  B i l l ,  C, D of Table 1) on endosulfan do not help to  
understand whether opposite mating types at d i f f e r e n t  stages of 
development respond d i f f e r e n t i a l l y  to t h i s  i n s e c t i c i d e .  In  each 
of the four  populat ions of mature zygotes formed a f t e r  the exposure 
of  endosulfan (0.25 x 10 -4 M) at  d i f f e r e n t  stages of  c e l l u l a r  
development, the percentage of  the f i r s t  day d i v i d i n g  zygotes 
stands out to  be the lowest (zero per cent ) .  The nond i f f e r tng  
high magnitude of  the e f fec t  on each of  the four  populat ions of  
mature zygotes may poss ib ly  a r i se  through the high concentrat ion 
(0.25 x 10 -4  M) o f  endosulfan used in  the t reatment .  In  v iew of  
t h i s ,  s i m i l a r  exper iments  were c a r r i e d  out w i t h  low c o n c e n t r a t i o n  
of  e n d o s u l f a n  (1 x 10 "0 M). The r e s u l t s  show t h a t  u n l i k e  mala-  
th ion  or permethrln, opposite mating types at three developmental 
stages (before and a f t e r  gametogenests, and dur ing  the fusion of  
gametes), do no t  e x h i b i t  d i f f e r e n t i a l  s e n s i t i v i t y  to  endosulfan 
(the percentage leve l  of  the f i r s t - d a y  d i v i d i n g  zygotes i n  these 
endosulfan t rea ted  g ~ : p s  remains the same, 50 per cent ) .  However, 
the c e l l  stage - immediately a f t e r  the fus ion of  gametes (V~mq 
~gotes)  - shows the least  s e n s i t i v i t y  to  endosul fan ( r e s u l t s  not  
tnc l~ded).  

Data from Table 1, 2 and 3 (&i ,  At1 of tab les)  show that  65, 85 
and 75 per  cent of  the mature zyqotes fox.ned a f t e r  the treatment 
of endosul fan,  malathion or  ~ermethr ln to  e i t h e r  mt§ or mr- vege- 
t a t i v e  c e l l s ,  d i v ide  m a l o t i c a l l y  on the f i r s t  day, r e s p e c t i v e l y . .  
Thus, the t reatment of  respect ive i nsec t i c i de  to  e i t h e r  male (mt-~ 
or female~ (mr § vegeta t ive  c e l l s ,  do not  e x h i b i t  d i f fe rence  in  the 
percentage of  f i r s t  day d i v i d i n g  zygotes. However, the leve ls  of 
these percentages decrease s i g n i f i c a n t l y  when the t reatments are 
accorded to  both,  male and female, vegeta t ive  c e l l s  ( A l i i  of  
Table 1, 2, 3) .  

~s a consequence of the§ o f  endosulfan, malathion or  
permethr in to  e i t h e r  o r  rot- gametes, lO0, 100 and 80 per  cent 
of  the mature zygotes undergo meiosis on the f i r s t  day, respec t i -  
ve l y  (Bt, B i l  o f  Table 1, 2, 3) .  As seen w i th  the vegeta t ive  
c e l l s ,  again, the percentages of the f i r s t  day d i v i d i n g  zygotes 
in the popula t ions formed a f t e r  the t reatment of  the respect ive 
i nsec t i c i de  to  e i t h e r  male or  female gametes do not change. These 
resu l t s  a lso show tha t  a l l  of the mature zygotes from the popula- 
t i ons  formed a f t e r  the t reatment of  endosulfan or  malathion to  
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only  nr + or  mr- gametes, undergo meiot ic  d i v i s i o n  on the F i r s t  day 
(B i ,  B i i  o f  Table 1, 2) .  However, a f t e r  t h e i r  (endosulfan or  
malathion) t rea tment  t o  the gametes of both the  mating types ,  t h i s  
percentage level  (100 per cent) of the  f i r s t - d a y  d iv id ing  zygotes 
lowers t o  0 and 70 per cent ,  r e spec t i ve ly  (B i l l  of Table 1, 2) .  On 
the o ther  hand, permsthrin does not d isp lay  such d i f fe rence in the 
percentages of  the f i r s t  day d i v i d i n g  zygotes in the populat ions 
f o ~ d  f o l l ow ing  i t s  exposure to  both or  e i t h e r  of  the male and 
female gametes (B i ,  B l i ,  B l i i  of Table 3).  These t rea ted  groups 
e x h i b i t  the same percentage (80 per cent) of the f i r s t - d a y  d i v i d i n g  
zygotes. 

Data from tab le  1, 2 and 3 show t h a t  the mature zygotes which do 
not  undergo meio t ic  d i v i s i o n  on the f i r s t  day as a r e s u l t  of  s ing le  
treatment o f  endosul fan,  malathion or  permethr in to  both or  e i t h e r  
one of  the opposite matino types at any one of the four  develop- 
mental stages i n  sexual l i f e  cycle of  Chlannfdon_~_ na_s c e l l s ,  remain 
m e i o t t c a l l y  undiv ided fo r  the per iod of  f i ve  days and endure 
meiosis on the s i x t h  day. Microscopic examination of  these zygotes 
fo r  the per iod of  f i v e  days show absence of  the prophase - the 
f i r s t  stage of  the process of  meiosis.  The delay in  the con~ence- 
men~ of  the prophase i n  these z ~ o t e s  may ar ise  through temporary 
I n h l b i t o r v  ac t ion  of  these i n s e c t i c i d e s  and/or t h e i r  breakdown 
pro~lc ts  on the  syn thes i s  of  prophase func t iona l  p ro t e in s .  
~eq~irement of  spec i f i c  Prote ins f o r  the func t ions  of  unwinding 
and reannealtnq of  9~A strands in the prophase of  meiosis has 
recen t l y  been reported (Hotta and ~ e r n  1978; ~tern lgSO). The 
mature ryqotes which do not  e x h i b i t  con~encement of  the prophese 
f o r  the per iod of  f i v e  days d i sp lay  the same on the s i x t h  day. 
From the onset of  the prophase in these z ~ o t e s ,  the subsequent 
stages of meiosis and formation of v i s i b l e  co lonies  occur in 
normal period of f ive  days. 

In summa~/~ the s tud ies presented in  t h i s  paper show tha t  s ing le  
exposure of  endosulfan,  malathion or  permethrin t o  opposite mating 
types  a t  any one of t h e  four  developmental s tages  (before and 
a f t e r  gamatogenesis,  and during and a f t e r  the  fusion of gametes) 
in sexual l i f e  cycle of  ~ r e i n h ~ r d t i i  , de lays  meiosis 
in s i g n i f i c a n t  number of zygotes f o r  f ive  days.  However, these 
zygotes undergo meiosis a f t e r  the  delay per iod.  This delay in 
meiosis appears t o  be due t o  delay  in the onset of  prophase. The 
proport ion of  such zygotes in the populat ions formed a f t e r  the 
exposure of  endosulfan i s  much higher  as compared to  t h a t  of  
malathion or  permethrin.  However, these i n s e c t i c i d e s  do not  
inf luence output of gametes, and formation and matura t ion of  
zygotes. Ce l l s  of  opposite mating types at d i f f e r e n t  s~ages of 
development exh ib i t  d i f f e r e n t i a l  s e n s i t i v i t y  (concerning meios i s  
of zygotes) t o  endosulfan,  malathion and permethrin.  
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