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groups  modif ied by  pCMB and N E M  are p robab ly  no t  
identical ,  or t h a t  addi t ional  groups are modif ied b y  
pCMB, N E M - r e a c t i v e  40S prote ins  f rom h u m a n  80S 
r ibosomes have  been recent ly  ident i f ied by  two-d imen-  
sional po lyacry lamide  gel e lec t rophores i s~ .  W o r k  is now 
in progress  to ident i fy  the  pCMB-reac t ive  prote ins  f rom 
the  40S particle,  pCMB has been shown to s t imula te  non-  
enzymat i c  po lypep t ide  synthes is  respec t ive ly  t rans-  

locat ion on E. coli r ibosomes by  in te rac t ion  wi th  the  
r ibosomal  p ro te in  $12 f rom the  30S subun i t  14. A similiar 
mechan i sm has  thus  far no t  been observed on the  euca- 
ryot ic  r ibosome.  

~4 L. P. GAVRILOVA, V. E. Ko~rI~LIANSKY and A. S. SPIRIN, FEBS 
Lett. dh, 324 (1974). 
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Summary. Depending  on concent ra t ion ,  ecdysones  ei ther  s t imula te  or inh ib i t  prol i ferat ion of a clonal Drosophila cell 
line. B o t h  effects  are coun te rac ted  by  e t h y l  d ichlorofarnesoate ,  a juvenile  ho rmone  analogue, which  by  itself is g rowth  
inhibi tory .  Qual i ta t ive ly  no difference was seen be tween  e- and fi-ecdysone. 

The ba lanced  in te rp lay  of ecdysones  and juvenile 
hormones ,  essential  for the  regulat ion of normal  develop-  
m e n t  in insects,  has  been the  objec t  of ex tens ive  in- 
vest igat ions .  Besides a large number  of s tudies  using 
whole  animals  (review ref. ~), a considerable  effor t  has  also 
been  made  to  develop more manageable  in vi tro systems.  
E x p l a n t e d  imaginal  discsa,4, ovaries 5 and sal ivary 
glandsG have  so far been the  mos t  responsive  targets .  In  
all these  cases, the  l imited q u a n t i t y  and  especially the  
l imited homogene i ty  of the  s ta r t ing  material ,  has  been 
a serious problem.  I t  was of interest ,  therefore ,  to  devel-  
op cul ture sys tems  of cont inuous  cell lines capable  of 
responding  b o t h  to ecdysones and juveni le  hormones .  
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Fig. 1. Effects of ecdysone concentration on proliferation of KcC7 
Drosophila cell line. 72-h growth response to ct-ecdysone (D---O) 
and/~-ecdysone (Q--O) Ordinate : Relative cell number expressed in 
percents of control (=cultures without hormones). Abscissa: Con- 
centration of ecdysone. Initial cell density was 2.3 105 eells/ml. Ex- 
ponentially growing KcC7 cells were washed and inoculated into 
media with the hormone concentrations indicated. 1 ml cultures were 
set up in 17 • 100 1111 Falcon culture tubes and incubated at 25~ in 
air. Cell numbers were determined, after dilution of whole 1 ml cui- 
tures with saline, in a Coulter counter ZB1. All points represent means 
of duplicate cultures which varied by less than 50/0 . In parallel, 4 ml 
cultures were set up in 25 em ~ Falcon flasks, c~-Ecdysone (Fluka) 
and fl-eedysone (Rohto) were dissolved in cuIture medium at 1001xg[ 
ml, lower concentrations were obtained by dilution with medium. 
EDCF (gift from Hofmann-La Roche) was added to culture medium 
at 1 [xl per ml. After shaking at 25 ~ for 4 h, this mixture was filter- 
sterilized and taken to be a 20 ixg/ml solution of EDCF. All lower 
concentrations were obtained by dilution with medium. 

Repor t s  on such sys tems  publ i shed  so far 7-9 indicate  only 
l imited success, however,  par t icu lar ly  in respect  to  tile 
combined  ac t ion  of the  two classes of hormones .  

I repor t  here on the  g rowth  response of a h y p o t e t r a -  
ploid clonal cell line f rom Drosophila melanogaster to  t he  
supp lemen ta t ion  of cul ture  med i u m wi th  a juvenile  
ho rmone  analogue, e thy l  d ichlorofarnesoate  (EDCF) 
and/or  ecdysone  (~- and /o r  /3-). Low doses of ecdysones  
s t imula te  cell proliferat ion,  whereas  high concen t ra t ions  
inhibi t  it. EDCF,  alone or in combina t ion  wi th  low doses 
of ecdysone,  produces  a dose -dependen t  g rowth  inhi-  
bit ion.  In  combina t ion ,  however ,  E D C F  and high con- 
cen t ra t ions  of ecdysone no longer inhibit ,  bu t  can even 
s t imula te  cell prol iferat ion.  A p a r t  f rom a 100-fold 
difference in effective concent ra t ions ,  the  two ecdysones  
t e s t ed  give ident ical  results.  

The es tabl ished Drosophila cell lines Ca and Kc were 
k indly  p rov ided  b y  Prof.  G. I~CI~ALIER of Par is  and 
main ta ined  in D22 med ium supp lemen ted  wi th  10% hea t  
inac t iva ted  fetal  calf se rum (GIBCO) ~0. Bo th  lines, when  
tes ted  af ter  3 passages in th is  labora tory ,  had  a hypo-  
te t raplo id  ka ryo type .  All da t a  shown are ob ta ined  wi th  
a hypo te t r ap lo id  clonal subline of Kc, des ignated  KcC7, 
isolated in semisolid agar  med i u m and since cul tured in a 
modif ied D 22 med i u m : Lac t a lbumin  hydro lysa te  replaced 
by  a defined mix tu re  of amino acid; 360 mOsm;  p H  6.8 
supp l emen ted  w i t h  3% h e a t  inac t iva ted  horse  se rum 
(FLOW) (C. WYss  and G. BACHMAN~, in prepara t ion) .  
Similar resul ts  were ob ta ined  wi th  the  uncloned lines Ca 
and Kc in D22 medium.  
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1974). I thank Prof. H. EI'I'ENB~R6ER and Drs. M. LxzzI and D. 
TURNER for help with the manuscript. 
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Figures  1 and 2 give the  results  of one large exper iment ,  
which  have  been conf i rmed by  numerous  less extens ive  
exper iments .  Figure i shows the  b imodal  response  of 
line KcC7 to  the  2 ecdysones,  wi th  fi-ecdysone being 
100-fold more  act ive t h a n  ~-ecdysone:  Low ecdysone  
concen t ra t ions  (Opt ima:  3 ng /ml  for ~-ecdysone and 
300 ng/ml  for a-ecdysone) s t imula te  prol i ferat ion whereas  

higher  concen t ra t ions  inhibi t .  F igure  2 shows the  influence 
of EDCF,  alone or in combina t ion  wi th  various doses of 
ecdysone,  on cell proliferat ion.  W i t h  increasing concen- 
t ra t ions  of EDCF,  cell prol i fera t ion is progress ively  
inhibi ted.  This inhibi t ion is even more  p ronounced  in 
cul tures  conta in ing  1 ~zg/ml a-ecdysone,  whereas  in the  
absence of ecdysones,  E D C F  inhib i t ion  is s ignif icant  only 
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Fig. 2. Effects of increasing EDCF-concentration on proliferation of KcC7 Drosophila cell line in media containing varying amounts of ecdy- 
sone. A) c~-ecdysone: O- -  O, 0 ~g/ml; O-- O, 0.1 ~tg/ml; A-- &, 0.3 ~zg/ml; [~-- D, 1.0 ~xg/ml; • • 3.0 ~zg/ml; m-- m, 10.0 ~xg/ml. B) fl- 
ecdysone: O- -  -O, 0 ~zg/rnl; O--, 0.001 [xg/ml; A-- A, 0.003 ~zg/ml; D--[J, 0.01 [xg/ml; • • 0.03 ~tg/ml. Data from the same experiment 
aa Figure 1. 72-h growth response: Ordinate: cell density; Abscissa: EDCF concelatration. 
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Fig. 3. Effects of various mixtures of c~- and fl-ecdysones on prolifera- 
tion of KcC7 Drosophila cell line in the presence or absence of EDCF. 
6 day growth response to g-ecdysone. Ordinate: cell density; Ab- 
scissa: concentration of cz-ecdysone. Solid lines: no EDCF; Dashed 
lines : 2 ~xg/ml EDCF. D, without/~-ecdysone; 0,1 ng/ml fl-eedysone; 
A, 3 ng/mI/~-ecdysone; Q, 10 ng/ml/3-ecdysone. 

above 5 tzg/ml (Figure 2A) (significant a t  0.01 level, 
S tuden t s  t-test). On the  o the r  hand ,  E D C F  tu rns  out  to 
be s t imula to ry  in cul tures  conta in ing  high concen t ra t ions  
of ecdysone:  0.2 ~g/ml E D C F  signif icant ly  s t imula tes  
cul tures wi th  1 ag/ml  a-ecdysone (Figure 2A). The mor-  
phology of cells t r ea t ed  wi th  ecdysones  was as descr ibed 
by  COUIeCEON 11,1e. Cells inhib i ted  by  E D C F  t e n d  to 
increase in size bu t  remain  spherical.  In  cul tures s t imu-  
la ted  by  E D C F  to grow inspi te  of h igh  concen t ra t ions  of 
ecdysones,  a large p ropor t ion  of all cells are in aggregates  
and of ten spindleshaped.  

To inves t iga te  w h e t h e r  e- and /3-ecdysone act  by  inde- 
p e n d e n t  mechanisms,  cul tures  were set  up wi th  various 
mix tures  of the  2 ecdysones,  e i ther  alone or in com- 
b ina t ion  wi th  2 ~zg/ml EDCF.  The results  p resen ted  in 
Figure 3 suggest  a c o m m o n  site of act ion for the  2 
ecdysones:  If  t h e y  are added  to cul tures  in concen t ra t ions  
a t  which each of t h e m  alone gives its op t imal  g rowth  
s t imulat ion,  a g rowth  inhibi t ion is observed which again 
can be coun te rac ted  by  EDCF.  A t  no concen t ra t ion  
tes ted ,  could one of t he  ecdysones  s t imula te  a cul ture  
conta in ing  inh ib i tory  concen t ra t ions  of the  o ther ;  there  
was always an accen tua t ion  of inhibi t ion.  On the  o ther  
hand,  max imal  s t imula t ion  can be achieved by  a mix tu re  
of the  2 ecdysones,  in which each is p resen t  in lower 
concen t ra t ions  t h a n  needed  to give op t imal  s t imula t ion  
by  itself. 

11 A.-M. COURGEON, Nature New Biol. 238, 250 (1972). 
12 A.-M. COURaEON, Expl Cell Res. 74, 327 (1972). 
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F r o m  t h e  d a t a  in  F igu re  3, i t  can  aga in  be  seen t h a t  
E D C F  enhances  cell p ro l i fe ra t ion  w h e n  added  to  cu l tu res  
w i t h  i n h i b i t o r y  c o n c e n t r a t i o n s  of ecdysones,  a n d  t h a t  i t s  
i n h i b i t o r y  effect  u p o n  g r o w t h  is more  p r o n o u n c e d  in 
cu l tu res  s t i m u l a t e d  b y  ecdysones  t h a n  in controls .  

In  t he  e x p e r i m e n t s  r epo r t ed  here,  no ev idence  was 
o b t a i n e d  for  q u a l i t a t i v e l y  d i f fe rent  effects of ~- or /% 
ecdysone,  as h a v e  been  r epo r t ed  for severa l  in  v i t ro  
sys tems  ll, la-15: inc lud ing  t he  Drosophila cell l ine Kc 
(pa ren t  l ine to  I~cC7 used here).  Also a dependence  on 
m a m m a l i a n  s e rum p ro t e ins  for  ecdysone to be effective1~ 
could n o t  be  found  (da ta  no t  shown).  Most  of these  
differences can  p r o b a b l y  be  exp la ined  e i the r  b y  differ ing 
e x p e r i m e n t a l  cond i t ions  a n d / o r  t he  l imi ted  h o r m o n e  
c o n c e n t r a t i o n  ranges  tes ted .  However ,  t he  cr i t ica l  
va r i ab les  r e m a i n  to be  ident i f ied.  T he  same ho lds  for t he  
ac t ion  of juven i le  h o r m o n e s  or t he i r  analogues .  

For  /~-ecdysone t h e  c o n c e n t r a t i o n s  effect ive  in t h i s  
sys t em fall w i th in  t he  low range  of those  ac tua l l y  mea-  
sured  in  v ivo  1". The  m u c h  lower ac t i v i t y  of a-ecdysone 
c o m p a r e d  to /%ecdysone  has  been  seen in m a n y  o the r  sys- 
t e m s  (References  in tT). F o r  E D C F  s igni f icant  effects on  cell 
p ro l i fe ra t ion  were obse rved  a t  c o n c e n t r a t i o n  lower t h a n  
needed  to  affect  a d u l t  Drosophila d e v e l o p m e n t  18. So b y  
these  cr i ter ia ,  t he  r eac t ions  obse rved  are n o t  unphys io -  
logical. However ,  s ince t he  t i ssue  of or igin of these  ceils 
is n o t  k n o w n  10, i t  c a n n o t  be said w h a t  t h e i r  physiological  
r eac t ion  to h o r m o n e s  would be. Cer ta in ly  n a t u r a l  j uveni le  
h o r m o n e s  and  o the r  juven i le  h o r m o n e  ana logues  will h a v e  
to be t e s t ed  in th i s  s y s t e m  before i t  can  be  cons idered  

es t ab l i shed  as a mode l  for t he  i nves t i ga t i on  of h o r m o n e  
ac t ion  and  in te rac t ion ,  or poss ib ly  used as a b ioassay  
du r ing  t he  i so la t ion  of t he  ' t r u e ' - D r o s o p h i l a  juven i le  
hormone .  

Since in th i s  s t u d y  only  t h e  increase  in t he  t o t a l  cell 
p o p u l a t i o n  was measured ,  no  i n f o r m a t i o n  could be  ob- 
t a i n e d  on t he  m e c h a n i s m  of ac t ion  of t he  added  hormones .  
I n  p a r t i c u l a r  i t  r e m a i n s  u n k n o w n  w h e t h e r  ecdysone a n d  
E D C F  h a v e  to be p r e sen t  s i m u l t a n e o u s l y  a n d  c o n t i n u o u s l y  
to  p roduce  a n  an t agon i s t i c  effect,  a n d  w h e t h e r  t h i s  
effect  is t he  resu l t  of an t agon i s t i c  changes  in cel lular  
phys io logy  (e.g., oppos i te  effects  on  m e m b r a n e  pe rme-  
abi l i ty)  or  of the  i n d u c t i o n  of changes  in h o r m o n e  m e t a -  
bo l i sm (e.g., E D C F - i n d u c e d  ecdysone  inac t iva t ion) .  

Note added in proo/: W h e n  t e s t ed  a t  a c o n c e n t r a t i o n  
of 10 #g/ml ,  s ingly  or  in  c o m b i n a t i o n  w i th  1 / ,g /ml  e-ec- 
dysone,  C-18 juven i l e  hormone ,  epoxygerany l sesamole  
a n d  ZR-515 gave  a s imi lar  r e su l t  as E D C F ,  whereas  t he  
in v ivo  inac t ive  ana logue  m e t h y l e p o x y h e x a d e c a n o a t e  
was w i t h o u t  effect  on  cell pro l i fe ra t ion .  
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Summary. Auxin  was  s h o w n  to  be  able  to  cance l  t h e  g r o w t h  i n h i b i t o r y  effect  imposed  b y  those  herb ic ides  wh ich  are no t  
k n o w n  as s t rong  uncoup le r s  of ox ida t ive  phos pho r y l a t i on ,  whi le  i t  was  u n a b l e  to  do so w i t h  regards  to  the  uncoup le r  
herbic ides .  

A l t h o u g h  a g rea t  deal  of r e sea rch  has  been  carr ied  ou t  
d u r i n g  t he  pa s t  20 years  conce rn ing  t he  mode  of ac t ion  of 
t he  herbicides ,  our  i n f o r m a t i o n  concern ing  t he  m e c h a n i s m  
of t h e  ac t ion  of mos t  he rb ic ides  in  t he  molecu la r  and  cel- 
lu lar  level  is n o t  well  k n o w n  1, 2. A t  t he  p r e s en t  t ime,  t he  
genera l  m e c h a n i s m  t h r o u g h  w h i c h  herb ic ides  inferrer  
w i t h  t he  g r o w t h  of t h e  suscept ib le  p l a n t s  are a s s um ed  to 
be  b y  t h e i r  in t e r fe rence  w i t h  t h e  ene rgy  m e t a b o l i s m  of t h e  
cell due  to t he  i n t e r r u p t i o n  of t he  r e s p i r a t o r y  e lec t ron  
t r a n s f e r  c h a i n  of t h e  m i t o c h o n d r i a ,  or t h e  poss ib i l i ty  of 
t he  c o m b i n a t i o n  of t h e  herb ic ides  w i t h  an i n t e r m e d i a t e  of 
ene rgy  coupl ing  cha in  w h i c h  s tops  ox ida t ive  p h o s p h o r y -  
l a t ion  1,~. Also t he  in te r fe rence  of some herb ic ides  w i t h  
t h e  p h o t o r e a c t i o n s  of pho tosyn thes i s ,  e.g. t h e  Hil l  re- 
ac t ions  or t he  l i gh t - induced  e lec t ron  t r a n s f e r  a n d  p h o t o -  
phospho ry l a t i on ,  are well  repor ted~,  ~. I n  t he  p a s t  few 
years  some work  on  t h e  effect  of herb ic ides  on t he  p ro t e in  
syn thes i s  a n d  nucleic  acid m e t a b o l i s m  h a v e  also been  re- 
p o r t e d  4-6, b u t  i t  was  r a t h e r  d i f f icul t  to  d e m o n s t r a t e  
w h e t h e r  i n h i b i t o r y  effects were a d i rec t  r e su l t  of t he  
herb ic ides  ac t ion  on  p r o t e i n  synthes is ,  or w h e t h e r  i t  was  
mere ly  due  to a s econda ry  effect  caused  b y  t he  d rop  in t he  
A T P  level  a n d  or t he  i n h i b i t i o n  of t he  ac t ive  u p t a k e  of 
t he  g r o w t h  e l ement s  b y  cells. 

The  purpose  of th i s  s t u d y  is to  show a s imple  way  of 
d i f f e ren t i a t ion  b e t w e e n  those  herb ic ides  wh ich  are n o t  
k n o w n  to  be  i nvo lved  in t he  ene rgy  m e t a b o l i s m  of the  
cell, a n d  those  w h i c h  are k n o w n  to  h a v e  mi ld  or  s t rong  
uncoup l ing  effect  on ox ida t ive  p h o s p h o r y l a t i o n  and  hence  
af fec t  t he  A T P  syn thes i z ing  sys tems .  The  i n t e r ac t i on  be-  
tween  the  g r o w t h  h o r m o n e s  a n d  some selected herbicides ,  
are be ing  car r ied  o u t  a n d  t h e  resu l t s  o b t a i n e d  ind ica t e  t h e  
poss ib i l i ty  of us ing  t h i s  m e t h o d  to  d i f fe ren t ia te  be tween  
t he  two  groups  of herbic ides .  W e  also used  in t e r ac t i on  of 
abscisic acid (ABA) wh ich  has  no  d i rec t  effect  on  energy  
m e t a b o l i s m  and  A T P  level  (7, 8) w i t h  g ro th  h o r m o n e s  as a 
reference for c o m p a r a t i v e  purpose .  

1 j .  L. HILTON I L. L. JANSEN and H. M. HULL, A. Rev. Plant Physiol. 
ld, 353 (1963). 
I). ]~. MORELAND, A. Rev. Plant Physiol. 78, 365 (1967). 

8 D. ]~. MORELAND, Progr. photosynth. Res. 3, 1693 (1969). 
4 j .  D. MANN, L. S. JORDAN and B. ]~. DAY, Plant Physiol. 40, 840 

(1965). 
5 ]~. H. SHOKRAII and D. E. MORELAND, Abstr. Weed Soc. Am. 

Meeting St. Louis (1966), p. 32. 
6 D. ]~. MORELAND, S. S. MALHORTA, ~. D. G~U~NHAGEN and E. H. 

SHOKRAII, Weed Sci. 17, 556 (1969). 


