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PRUZAN, A., P. B. APPLEWHITE AND M. J. BUCCI. Protein synthesis inhibition alters Drosophila mating behavior. 
PHARMAC. BIOCHEM. BEHAV. 6(3) 355-357,  1977. - Fruit fly Drosophila pseudoobscura virgin AR females mate 
preferentially with AR males when given a choice between AR and or males. However, AR females which mated with or 
males when young show a significant change in sexual selection in favor of or over AR males in subsequent simultaneous 
choice tests. Ingestion of food moistened with 4 ml cycloheximide (400 ~g/ml) produces 75% protein synthesis inhibition 
in the female flies. Females exposed to cycloheximide (CXM) immediately after their initial copulation with or males 
resemble virgin flies in their choice of mates, and mate preferentially with AR males. Females exposed to CXM before their 
initial copulatory experience with or males resemble or-experienced but untreated (no CXM) flies in their choice of mates, 
and mate preferentially with or males. The change in sexual preference shown by females with prior copulatory experience 
resembles learning in that it is subject to disruption by CXM in ways analogous to those reported in the literature. 
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R E C E N T  repor t s  have d e m o n s t r a t e d  t ha t  the frui t  fly of p ro te in  synthes is ,  leads to a loss of m e m o r y  of learned 
Drosophila has the  abi l i ty  to learn  [7, 11, 13] .  The  tasks in several groups  of  organisms [1, 6, 12].  If the  
po t en t i a l  i m p o r t a n c e  of  these  f indings  is t ha t  the extens ive  change in ma t ing  pre fe rence  s h o w n  by Drosophila is 
knowledge  of  the  genet ics  of  Drosophila can be appl ied to learning,  it shou ld  be subjec t  to  the  same type  of  d i s rup t ion  
s tudy  the  biological  bases of  learning,  by cyc lohex imide  as has been  found  in o the r  organisms.  

Pruzan  [9] and  Pruzan  and E h r m a n  [10]  showed  tha t  
l l -day-old  virgin Drosophila pseudoobscura A r r o w h e a d  
(AR)  females  ma te  p re fe ren t ia l ly  wi th  AR males when  METHOD 
given a choice  b e t w e e n  A R  and or (S~andard wi th  orange Two na tu ra l ly  occurr ing  k a r y o t y p e s  of  Drosophila 
eye a u t o s o m a l  recessive marke r )  males.  However ,  1 1-day- pseudoobscura, Arrowhead  (AR)  and S tandard ,  h o m o -  
old A r r o w h e a d  females  which  ma ted  wi th  or males when  zygous  for  an a u t o s o m a l  recessive marker  (or) were used in 
3-day-old virgins confe r red  a ma t ing  advantage  to or males these e x p e r i m e n t s  (full desc r ip t ion  of the  species in [4] ). 
when  given a choice  b e t w e e n  AR and or males at age 1 1 The flies were m a i n t a i n e d  in the l abo ra to ry  in ha l fp in t  
days. This change  in ma te  se lec t ion represen t s  m od i f i c a t i on  bo t t l es  con ta in ing  food  ( F o r m u l a  4 - 2 4 ,  Carol ina  Biological 
of  behav io r  as a resul t  of  exper ience ,  and m ay  represen t  Supply  Co.)  and fresh yeast.  New cul tures  were in i t ia ted  by 
learning [8 ] .  A d m i n i s t r a t i o n  of  cyc lohex imide ,  an i n h i b i t o r  serial t ransfer .  Virgin flies were ob ta ined  by clearing s tock 
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bo t t l e s  of  all adul t s  and separa t ing  by  sex the  newly  prec ip i tab le  a m o u n t s  of  rad ioac t iv i ty  for changes  in the free 
emerged  adul t s  wi th in  12 hr. radioact ive  leucine pool.  Pro te in  synthes is  i nh ib i t i on  is 

When  the  flies were 24 hr  old they  were subjec ted  to one based u p o n  whole flies, so no  s t a t e m e n t  can be made a b o u t  
of  the  fo l lowing t r e a t m e n t s :  inh ib i t ion  specific jus t  to the  nervous  system. 
(1) AR females  were placed in ha l fp in t  bo t t l e s  con ta in ing  
2.5 g D r o s o p h i l a  m e d i u m  mois t ened  wi th  4 ml cyclohexi-  B. B e h a v i o r a l  

mide so lu t ion  (400  ug /ml  CXM, t rea ted  m e d i u m )  for  As shown  in Table 1, 11-day-old D r o s o p h i l a  p s e u d o -  
12 15 hr. The females  were t hen  placed t oge the r  wi th  or o b s c u r a  Arrowhead  (AR)  females  mate  preferen t ia l ly  wi th  
males  and a l lowed to ma te  in bo t t l e s  con ta in ing  u n t r e a t e d  
m e d i u m  for  28 hr. AR males when  the  females  tes ted  were virgins, and when  

the  females  tes ted  were fed CXM immed ia t e ly  af ter  the i r  
(2) AR females  and or  males were placed and al lowed to 

init ial  c o p u l a t o r y  exper ience  wi th  or males ( T r e a t m e n t s  1 
mate  in ha l fp in t  bo t t l e s  con ta in ing  u n t r e a t e d  m e d i u m  for  

and 4). Bo th  u n t r e a t e d  females  (no  CXM) which  were 
28 hr. Females  on ly  were t hen  placed in ha l fp in t  bo t t l e s  

al lowed to mate  wi th  or males and females  fed CXM before  
con ta in ing  t r ea ted  m e d i u m  (see above)  for 1 2 -  15 hr. 

the i r  ini t ial  ma t ing  wi th  or males ma ted  prefe ren t ia l ly  wi th  
Af te r  t r e a t m e n t ,  the females  were placed in indiv idual  

or males. 
vials c o n t a i n i n g  u n t r e a t e d  m e d i u m  for  seven days to depos i t  We have previously descr ibed a m e t h o d  called log odds  
eggs. D r o s o p h i l a  females  engage in s u b s e q u e n t  mat ings  only  for  evaluat ing  the  relat ive ma t ing  success (RMS) be tween  
af ter  the  supply  of  sperm f rom the  previous  ma t ing  is 

the  two types  of  males  in a s imu l t aneous  choice test  [9 ] .  deple ted .  Presence of  larvae in the vials ind ica ted  t ha t  
ma t ing  wi th  or males had t aken  place, and on ly  these Log odds  is the na tura l  logar i thm of  the  ra t io  of  the 
females were used in f u r t he r  tests,  n u m b e r  of  each of  the  two types  of males  observed mat ing  

Females  which showed evidence  of  ma t ing  wi th  or males (X and Y). It is no rma l ly  d i s t r ibu ted  unde r  the null  

were subsequen t l y  given a choice be t w een  AR and or males hypo thes i s  wi th  0 mean  and SD = /  1 + 1 and provides  a 

in s imu l t aneous  sexual  se lec t ion tests. T w e n t y  females  were V x y 
placed w i t h o u t  e the r i za t i on  wi th  ten or and ten AR males direct  measure  of  d i f fe rences  in the  relative mat ing  success 
in an Elens-Wat t iaux obse rva t ion  c h a m b e r  ( for  full descrip- of  the  males  in the  t r e a t m e n t  groups.  
t ion  of  the  appa ra tus  and  its use see [ 5 ] )  for  2 hr. The The RMS values are p resen ted  graphical ly  in Fig. I. 
n u m b e r s  and type  of  males  ma t ing  were recorded.  The  Results  of  Z tests  re ject  the  null  hypo thes i s  of  equal  
males used here were all four  days old and at the  peak of ma t ing  success for  AR and or males, (Z = 4.15,  3.50,  
the i r  sexual  act ivi ty.  Fou r  repl icates  of each  t r e a t m e n t  3.31 and 3.71 for  cond i t i ons  1 4 f rom top to b o t t o m :  
group were observed .  The results  were compared  wi th  the  p < 0 . 0 1 )  for  all condi t ions .  When lines, each  represen t ing  
data  o b t a i n e d  by Pruzan  [9] for  e leven-day-old virgin RMS and  the  s tandard  er ror  for  each  t r e a t m e n t  are clearly 
females  raised on un t r ea t ed  med ium,  separated,  the  d i f fe rences  be tween  isola t ion indices are 

s ignif icant .  Lines which  whol ly  overlap ind ica te  no signifi- 
D e t e r m i n a t i o n  o f  Pr o t e in  S y n t h e s i s  l n h i b i t i o n  cant  di f ferences ,  bu t  l ines which overlap only  part ial ly 

Twelve flies were placed in each  of  two ha l fp in t  bo t t l e s  need to be evaluated  fu r t he r  s ta t is t ical ly:  
in the  above  dry m e d i u m  to which  was added e i the r  4 ml of  Dif ference  RMS = A = RMS cond i t ion  l RMS condi t ionz  
water  or  4 ml of  the  above CXM so lu t ion  for  a per iod of  12 S.D.  of d i f fe rence  =x/var iance1  +var i ancez  
hr. Then ,  100 ul of  H3-1eucine (specific ac t iv i ty  65 Ci /mM) It is ev ident  f rom Fig. 1 tha t  b o t h  AR virgins and 
was added to b o t h  sets of  flies in new media  for an females  ingest ing CXM af ter  the i r  ini t ial  ma t ing  wi th  or 

i n c u b a t i o n  per iod  of  a n o t h e r  12 hr. At  this  po in t ,  the flies males subsequen t l y  confe r  a ma t ing  advantage  to AR males 
were r emoved  f rom the  bot t les ,  washed wi th  dist i l led wa te r  ( A > 0 . 0 5 ) .  In cont ras t ,  females  which  ma ted  wi th  or males 
to remove surface rad ioac t iv i ty  and each set of flies (no C X M ) a n d  females  which  ingested CXM before  the i r  
homogen i zed  in 0.8 ml of  dist i l led water  in a Pot te r -  init ial  ma t ing  wi th  or males subsequen t ly  confer red  a 
Elvehjem grinder .  This was fol lowed by cen t r i fuga t ion  for  5 mat ing  advantage  to or males  ( A > 0 . 0 5 ) .  
min at 1300 xg to remove  the  largest particles.  A 100 ul 
a l iquot  of  the  s u p e r n a t a n t  h o m o g e n a t e  f rom each  set was DISCUSSION 

placed on  a f i l ter  paper  disc, air-dried for  5 min,  and t hen  In the  fruit  fly D r o s o p h i l a  p s e u d o o b s c u r a ,  it is the 
sub jec ted  to t r i ch lo race t i c  acid e x t r a c t i o n  to  measure  female which  e i the r  rejects  or accepts  a male  in mat ing .  It is 
p ro te in  synthes i s  [ 3 ] .  Discs were run  in t r ip l ica te  and possible,  the re fore ,  to  observe the  ef fec ts  of  d i f fe ren t  
c o u n t e d  for  4 min  each. The e x p e r i m e n t s  descr ibed above  expe r imen t a l  t r e a t m e n t s  to the  female on sexual select ion.  
were p e r f o r m e d  three  t imes.  We have previously  shown [9,101 tha t  11-day-old virgin 

Ar rowhead  females  confe r  a ma t ing  advantage  to Arrow- 
RESULTS head males in s imu l t aneous  choice  e x p e r i m e n t s  be tween  

A. B i o c h e m i c a l  AR and or  males. However ,  when  3-day-old females  were 
given a no  choice mat ing  exper ience  wi th  or males and then  

The results  of  the  three  p ro te in  synthes i s  inh ib i t ion  re tes ted  for  ma te  select ion at 11 days of age they  showed  a 
e x p e r i m e n t s  d e m o n s t r a t e  tha t  the  sets of flies receiving no  s tat is t ical ly  s ignif icant  preference  for or males.  If this  
CXM had a mean  i n c o r p o r a t i o n  rate of  9 ,462 coun t s  per  change in behav ior  as a resul t  of exper ience  represents  
m i n u t e  (cpm) ,  bu t  wi th  CXM the m e a n  rate d ropped  to learning,  then  i nh ib i t i on  of  p ro te in  synthes is  should  pro- 
2 ,328 cpm. This  is a 75% inh ib i t i on  of  p ro t e in  synthesis ,  duce amnesia .  

Since the measured  a m o u n t  of  H 3 -leucine t aken  up by Present  results  conf i rm the  f indings  ut i l iz ing mice [6,121 
D r o s o p h i l a  in all the  e x p e r i m e n t s  was essent ial ly  the  same and fish [ 1 ] .  They  found  t ha t  m e m o r y  was impai red  when  
(wi th in  15%), it was no t  necessary  to cor rec t  the  TCA CXM was admin i s t e red  30 rain (mice)  and one h o u r  (f ish) 
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T A B L E  1 or oVfav0redJ ARo'o" favor,ed 

NUMBER OF DROSOPHILA PSEUDOOBSCURA AR FEMALES 
MATING. FEMALES WERE 11 DAYS OLD AT TIME OF ,& D 
SIMULTANEOUS CHOICE OBSERVATIONS. THEY VARIED - ', t 
ACCORDING TO PREVIOUS MATING EXPERIENCE AND 

TREATMENT WITH CYCLOHEXIMIDE (CXM). I ~ I ~ C • I 

FEMALES % FEMALES MATINGS X-2 I I [ I I 
Treatment MATING AR Males or Males " 4  -2 0 2 4 

Virgins 70 45 11 20.64 a * 

Mating experience, 35 1 I 48 13.64 b * 8 C D 
no CXM& A. A = 0 . 7 4  + 0 .99  ~ = 2 3 9 +  0 . 4 4  A - - 3 . 6 9 : 1 : L J 3  

CXM before& 5 28 16.02 b * Z = 0 . 7 5  Z = 5 . 4 3  Z = 3 . 2 T  

mating experience B. A ,  3.13 + 0 . 5 9  ~ ' - -  4 . 4 3  + 0.B9 

CXM offer • 40 30 2 28.00 a * Z " 3 .31  Z "  4 . 9 8  
mating experience 

• =X. 2 computed against null hypothesis of 1:1 ratio of matlngs. For 1 df,  ~.2 of 6.65 is C. L '~=-1 .30±O80 
significant at 0.01 level , Z = J. 63 

a = significant in favor of AR males 
b = significant in favor of or males HG. 1. Relative Mating Success Index and the 957{ confidence limit 
• = Females were given a '~no choice" mating experience with or moles when 3 days old. for AR and or Drosophila pseudoobgeura males observed mating 

with AR females in simultaneous choice tests. AR females differed 
according to treatment: A = initial copulatory experience with or 

after the learning task. The group of AR females  which males (ICE), B = cycloheximide ingested before ICE; C = 11-day-old 
virgins; D = cycloheximide ingested after ICE. Comparisons between 

ingested CXM after their  initial mat ing wi th  or males conditions are presented in lower part of the figure. Bold face 
showed amnesic ef fec ts  in subsequent  choice exper iments ,  entries indicate significant differences p<0.01. 
These females  confer red  a mat ing advantage to AR males 
and their  choices were statistically indist inguishable f rom 
choices made  by sexually inexper ienced  virgin female tion when isolated f rom males and prote in  synthesis  may 
controls ,  have re turned to normal  by the t ime that  mat ing with or 

Surprisingly, however ,  AR females which ingested CXM males took  place. 
before  their  initial no choice mat ing wi th  or males failed to The levels of  prote in  synthesis  inhibi t ion obta ined by 
show amnesic  ef fec ts  and their  choices of  mates  did not  the m e t h o d  of  ingestion here (75%) are lower than the 
differ  f rom choices  made  by females which copula ted  with inhibi t ion levels in studies utilizing mice (90%), but are 
or males but  received no CXM (putat ive learning group),  consis tent  with levels of  prote in  inhibi t ion ob ta ined  in fish 
Both groups  of  females confe r red  a mat ing advantage to or (80%). 
males. Barondes  and Cohen [2] showed  normal  task The marked amnesic  effect  could not  be a t t r ibu ted  to 
re ten t ion  in mice injected wi th  CXM 5 hr before  training, pe r fo rmance  dec rement ,  since the per cent of  females 
Other  studies [1,6] found  that  CXM adminis te red  30 rain mating in the second observat ion was approx imate ly  the 
before  training p roduced  amnesia,  in which case training same for all females with prior copula tory  experience.  We 
occurred during m a x i m u m  inhib i t ion  of  pro te in  synthesis,  concluded,  therefore ,  that  the change in sexual preference  
AR females  here ingested CXM before  the initial mating,  shown by females with prior copula tory  exper ience  resem- 
Given the rapid metabol ic  rate in insects,  these females bles learning in that  it is subject  to d isrupt ion by CXM in 
presumably  exper ienced  maximal  pro te in  synthesis  inhibi- ways analogous to those repor ted  in the l i terature.  

R E F E R E N C E S  

1. Agranoff, B. W., R. E. Davis, L. Casola and R. Lira. 7. Hay, D. A. Strain differences in maze-learning ability of" 
Actinomycin D blocks formation of memory of shock- Drosophila melanogaster. Nature 257: 44-46 ,  1975. 
avoidance in goldfish. Science 158: 1600-1601, 1967. 8. Kendler, H. H. Basic Psychology. Menlo Park, California: W. A. 

2. Barondes, S. H. and H. D. Cohen. Comparative effects of Benjamin, Inc., 1974. 
cycloheximide and puromycin on cerebral protein synthesis 9. Pruzan, A. Effects of age, rearing and mating experiences on 
and consolidation of memory in mice. Brain Reg. 4 : 4 4  51, frequency dependent sexual selection in Drosophila pseudo- 
1967. obseura. Evolution 30:130-145, 1976. 

3. Byfield, J. E. and O. H. Scherbaum. A rapid radioassay 10. Pruzan, A. and L. Ehrman. Age, experience, and rare-male 
technique for cellular suspensions. Analyt. Biochem. 17: mating advantages in Drosophila pseudoobscura. Behavior 
434-440, 1966. Genet. 4 :159  164, 1974. 

4. Dobzhansky, Th. and C. Epling. Contributions to the Genetics, 11. Quinn, W. G., W. A. Harris and S. Benzer. Conditioned 
Taxonomy, and Ecology of Drosophila pseudoobscura and Its behavior in Drosophila melanoga.vter. Proe. natn. Acad. Set. 
Relatives. Washington, D.C. Carnegie Institution of Washington U.S.A. 71:708-712,  1974. 
Publication 554, 1944. 12. Rainbow, T. C., J. E. Adler and L. B. Flexner. Comparison in 

5. Ehrman, L. Animal Behavior in Laboratory and Field. San mice of the amnesic effects of cycloheximide and 6-hydroxy- 
Francisco, California:W. Freeman, 1975, p. 71. dopamine in a one-trial passive avoidance task. Pharmac. 

6. Geller, A., F. Robustelli, S. H. Barondes, H. D. Cohen and M. Biochem. Behav. 4: 347-349, 1976. 
E. Jarvik. Impaired performance by post-trial injections of 13. Spatz, H. Ch., A. Emanns and H. Reichert. Associative learning 
cycloheximide in a passive avoidance task. Psyehopharma- of  Drosophila melanogaster. Nature 248: 359-361, 1974. 
cologia 14:371 376, 1969. 


