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Fig. 2. Open-mouth face by adolescent female. Fig. 3. Pointing face by juvenile male. 

out of consideration.) Every  pair of dements  for which 
this q-value reached higher than +2  or lower than -2 (i.e. 
corresponding with a X2-value of at least 4) received a 
connecting tine on the positive (i.e. right) respectively 
negative (i.e. left) side in Figure 1. After this, the agonistic 
dements  were arranged into subgroups in such a way as to 
maximize the number of positive linkages between ele- 
ments belonging to the same subcategory and to minimize 
the number of negative linkages between these. 

Results (II). This procedure resulted in 3 subcategories 
of agonistic behaviour : only 6 of the 101 positive linkages 
and all 14 negative linkages ran between elements be- 
longing to different subcategories. The 3 clusters of ele- 

ments, which have been rendered in Figure 1, clearly cor- 
respond with the subcategories previously indicated by 
us4,5: 1. straight-aggression (Figure 1, upper), 2. appeal- 
aggression and sub-directed behaviour (middle) and 3. 
fear-behaviour (lower). 

I t  may finally be noted that  the two types of aggressive 
behaviour which have been distinguished are easily re- 
cognizable as the facial expressions characterizing them 
differ strikingly:i .e,  open-mouth (straight-aggression) and 
pointing (appeal-aggression); see Figures 2 and 3 s0. 

10 Photographs made by H. VAN BEEK. 

T h e  Effect of Su l fhydry l  R e a g e n t s  u p o n  the  Act iv i ty  of 40S R i b o s o m a l  S u b u n i t s  

D. TIRYAKI 1, U. UQER z and E. ]~ERMEK 1,2 

Bio/izik K~rsi~si~, Tip Fak~ltesi, Istanbul Universitesi, IstanbuI (Turkey); and A bteilung fi~r Molekulare Genelik, Max- 
Planck-Institut [i~r Experimentelle Medizin, Gdttingen (German Federal Republic, BRD), 16 March 1976. 

Summary. p-Chloromercuribenzoate inhibited the poly (U)-dependent binding of Phe- tRNA to the 40S ribosomal 
subunit but  displayed no inhibitory effect on the binding of poly (U) to the ribosome. Other sulfhydryl reagents tested, 
like N-ethylmaleimide and iodoacetamide, did not affect the binding of Phe- tRNA to the small ribosomal subunit. 

Mammalian ribosomes have been previously shown to 
possess sulfhydryl (SH-) groups essential for their activ- 
ities in the coded binding of AA-tRNA 3-7 and in the 
E F  II-dependent binding of GTP v,s. Experiments done 
with N-ethylmaleimide (NEM) and iodoacetamide (IAA) 
suggested that  SH-groupes required for these activities 
must reside on the large ribosomal subunit 6-1~ 40S ribo- 
somal subunits appeared to be resistent to inhibition by 
SH-reagents on account of the results obtained with 
NEM 6, 7. Considering the different modes of action of dif- 
ferent SH-reagents, we decided to study the effect of 

some other SH-reagents as well, before excluding the 
presence of SH-groupes essential for the activity of the 
40S particle. 

Materials and methods. Ribosomes and ribosomal sub- 
units were prepared from human tonsillar lymphatic 
tissue as described~, 6. t R N A  (E. coli) was obtained from 
Schwarz Bioresearch and charged with [3H~ Phe as de- 
scribed n. [3Hj poly(U), specific activity 10,4 Ci/mole, was 
obtained from Schwarz/Mann, NEM from Serva (Heidel- 
berg), IAA and p-chloromercuribenzoate (pCMB) from 
Merck (Darmstadt). poly(U)- dependent (non-enzymatic) 
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b ind ing  of P h e - t R N A  to 40S subuni t s  was assayed as 
prev ious ly  descr ibed 6. [aH] poly(U) b inding to 40S or 
80S r ibosomes was assayed in 100 #1 react ion mix tu res  for 
15 min at  37 ~ 1,6 nCi [3H] poly(U) was incuba ted  wi th  
0.2 A260 units  (_  13 pmoles) 40 S o r  0,6 A260 uni ts  (~_ 12 
pmoles) 80S r ibosomes in t he  salt  med ium of non-enzy-  
mat ic  b inding  of P h e - t R N A  a. Af ter  incubat ion,  react ion 
mix tures  were washed  onto  nitrocellulose filters which 
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Fig. 1. Effect of concentration of different sulfhydrylreagents on the 
poly(U)-dependent binding of Pbe-tRNA to the 40S particle. 
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Fig. 2. A) Effect of different incubation temperatures on the pCM13- 
caused inhibition of Phe-tRNA binding to the 40S ribosomal subunit. 
13) Evaluation of the data from A. PLow of the values obtained with 
pCMB as percent of the values obtained without pCMB. 
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Fig. 3. Effect of pCMB concentration on the binding of [3HI poly(U) 
to 40S or 80S ribosomes. 

had  been p re incuba ted  wi th  0.1 N K O H  for 5 min  a t  
37 ~ and then  equi l ibra ted  in ice cold wash  buffer  a. The 
rad ioac t iv i ty  bound  to the  fil ter was de te rmined  in 2 ml  
to luene conta in ing  0.4% 2,5-diphenyl-oxazole  in a 
Packa rd  l iquid scint i l lat ion counte r  (Tricarb). 

Results. Figure 1 shows the  effect  of d i f ferent  SH-re-  
agents  on the  b inding of Phe-tIRNA to 40S particles.  The 
b inding  of P h e - t R N A  was very  s t rongly  inhib i ted  by  
pCMB : 6 ffM pCMB caused a 50% inhibi t ion of t he  b ind-  
ing. On the  o ther  hand,  the  b inding  was no t  affected by  
N E M  or IAA at  concen t ra t ions  as h igh as 500 #M.  As 
shown in Figure 2, the  inhibi t ion a m o u n t e d  to 18% a t  
0 ~ and to  82% a t  37 ~ An a lmost  p ropor t iona l  increase 
in the  inhibi t ion was observed  wi th  increasing incubat ion  
t empera tu res .  Figure  3 shows t h a t  the  observed inhibi-  
t ion  of P h e - t R N A  b ind ing  was no t  due to a p r i ma ry  in- 
h ibi t ion of poly(U) b inding  to  the  40S part ic le :  even a t  
concen t ra t ions  as h igh as 300 #M,  pCMB failed to  exer t  
an inh ib i to ry  effect  on the  b inding of poly(U) to 40S or 
80S ribosomes.  Increas ing  concen t ra t ions  of the  r eagen t  
even s t imula ted  the  b ind ing  of poly(U) to  40S r ibosomes 
b y  40% and  t h a t  to 80S r ibosomes by  30%. 

Discussion. The p re sen t  r epo r t  shows t h a t  40S part icles  
can  be specifically inac t iva ted  by  the  su l fhydryl  reagen t  
pCMB. The f inding t h a t  N E M  and IAA fail to d isplay  a 
similar inh ib i to ry  effect  a t t e s t  to  s ignif icant  differences in 
the  mode  of react ion of these  reagents .  The results,  fur- 
thermore ,  suggest  t h a t  t he  inhib i t ion  of the  b inding  of 
Phe- t tZNA does no t  r ep resen t  the  resul t  of t he  inhibi t ion 
of poly(U) binding,  as the  b inding of poly(U) to the  40S 
subun i t  is no t  inhib i ted  b y  pCMB. 

The pCMl3-caused inhibi t ion of t he  b inding  is t e m -  
p e r a t u r e - d e p e n d e n t :  the  e x t e n t  of inhib i t ion  increases in 
p ropor t ion  to  the  e levat ion of incuba t ion  t empera tu re .  
The inhibi t ion observed a t  h igher  t e m p e r a t u r e s  migh t  be 
due to  t h e  modif icat ions  of the  groups inaccessible to  the  
reagen t  a t  low tempera tu res .  These groups are l ikely to  be 
involved in the  mechan i sm of P h e - t R N A  binding  to  the  
40S particle.  Al terna t ive ly ,  the  inhib i t ion  m i g h t  solely 
reflect  the  conformat iona l  changes  and  consequen t  des ta-  
bi l izat ion of the  pCMB- t rea ted  r ibosomes at  e levated  
t empera tu res .  A similar  t e m p e r a t u r e - d e p e n d e n t  in- 
ac t iva t ion  of 80S or 60S r ibosomes b y  N E M  has  been 
previous ly  observed ~,12. 40S subuni t s  incuba ted  wi th  
100 # M  [14C] N E M  revealed 18 labelled groups 1~. T h a t  
N E M  fails to  inhibi t  t he  b inding  reac t ion  impl icates  t h a t  
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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). 

Juvenile Hormone Analogue Counteracts Growth St imulat ion and Inhibition by Ecdysones in Clonal 
Drosophila Cell Line 

C. WYss  t 

Institute for Cell Biology, Swiss Federal Institute o/ Technology, CH-8093 Zi~rich (Switzerland), 19 May 1975. 

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.  

t Supported by the Swiss National Science Foundation, grant No. 
3.8640.72. Parts of this work were presented in preliminary form 
at the May, 1974, meeting of the Union of Swiss Societies for 
Experimental Biology in Lausanne (C. WYss, Experientia 30, 750, 
1974). I thank Prof. H. EI'I'ENB~R6ER and Drs. M. LxzzI and D. 
TURNER for help with the manuscript. 
K. SLAMA, J. Insect Physiol. 27,921 (1975). 

8 C. J. CHIHARA and J. W. FRISTROM, Devl. Biol. 35, 36 (1973). 
4 D. L. SILHACEK and H. OBERLANDE~, J. Insect Physiol. 21, 153 

(1975). 
5 A.-M. L~VEIaDUR~, Gen. comp. Endoer. 17, 467 (1971). 
6 M. LEZZI, Molee. cell. Endocr. l, 189 (1974). 

J. MITSE~t~Sm and T. D. C. GRACE, A ppl. Ent. Zool. 5, 182 (1970). 
6 A.-M. COUROEO~, C. r. Acad. Sci., Paris 280, 2563 (1975). 
9 E. CO~EN and L. I. GILBER% J. Insect Physiol. 18, 1061 (1972). 

10 G. ECHALIER and A. OHANESSlAN, In Vitro 6, 162 (1970). 


