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Summary 

The amphidiploid hybrid of Nicotiana glauca × N. 
langsdor/fi, producing tumors spontaneously, contains 
essentially more of the following free amino acids than 
the inital species: cystine, histamine, oxyproline, alanine, 
kynurenine, tryptophane, and a non-identified ninhydrine 
positive substance. I t  is supposed that  the abnormally 
high content  of free amino acids is connected with the 
spontaneous formation of tumors. 

Genetic and Autoradiographic  Studies  
of Tritiated Thymidine  in Testes  of 

Drosophila melanogaster I 

A study on the influence of mating intensi ty and rate 
of sperm utilization upon the rate of spermatogenesis in 
Drosophila rnelanogaster is presently under way. Tritiated 
thymidine (T-HS), a specific label for DNA in most bio- 
logical systems studied (BRACHET ~), is being used in con- 
junction with autoradiography to label those premeiotic 
cells which are synthesizing DNA and to follow the de- 
velopment of these cells to mature sperm. In  addition, it 
is planned to use the incorporability of T - H  3 as an indica- 
tion of the rate of entrance of cells into the premeiotic 
DNA synthesizing stages. This preliminary report con- 
rains information obtained in the earliest of these experi- 
ments. 

Additionally, in order to gain some insight into the 
degree of genetic damage caused by the amounts of isotope 
which must  be incorporated to give satisfactory auto- 
radiographs of testicular cells, studies on the rate of pro- 
duction of sex-linked recessive mutat ions by this com- 
pound have been init iated and preliminary data  on this 
subject, also, are herein reported. 

To decrease the amount  of non-radioactive nucleic acid 
precursors ingested so that  strong autoradiographs could 
be obtained after a minimum feeding time, application of 
the isotope was not  carried out in the standard fly culture 
medium which is rich in yeast. Instead, the isotope- 
containing medium was made up as follows: 0-1 ml T - H  a 
solution (Schwarz Laboratories, Sp. Act. 1-9 c/mM) with 
a total act ivi ty  of 100 microeuries, 0.5 ml of a 1% agar 
solution and 0.5 ml of a modified Eagle's tissue culture 
medium. 

Twenty-five 16-h Canton-S larvae not identified as to 
sex were placed upon the above medium for a period of 
4 h and then removed to standard corn meal, yeast, and 
sugar food. Eight  of the 25 larvae died during these ¢ h, 
while only two of 25 control larvae died. Two larval males 
were fixed immediately after the feeding period; three 
males were fixed 19 h later (39-h larvae) and the remaining 
four males were fixed 56 h after removal from the radio- 
active food (76-h larvae). All larvae were fixed in hot 
45% acetic acid and imbedded in parlodion and paraffin 
according to the Peterfis double imbedding technique. 
Sections were cut at  6 iL and mounted serially. After dis- 
solution of the paraffin and parlodion, and hydrat ion of 
the sections by means of a graded ethanol series, the slides 
were treated with 5% trichloroacetic acid at  3-5°C for 

5 rain to remove any acid soluble isotope. From this point  
on, autoradiographs were prepared according to the strip- 
ping film technique as published by TAYLOR 3. 

At 16 h, the larval testes are composed entirely of sper- 
matogonia with no evidence of any anterior-posterior de- 
velopmental gradient, except for the difference in size 
between the apical cells and those slightly larger sperma- 
togonia tha t  have been proliferated from them. The testes 
of male larvae that  were fixed immediately after the 4-h 
period show activity over the apical region where mitotic 
proliferation occurs. Also, there are some radioactive 
nuclei located posteriorly, indicating that  very early in 
spermatocyte development, before the long growth stage, 
during which the volumes of the nucleus and cytoplasm 
of primary spermatocytes increase so markedly, the chro- 
mosomes are reduplicated in preparation for the meiotic 
divisions. 

19 h following feeding (39-h larvae), there is still some 
activity present anteriorly but  many  labeled cells have .  
moved posteriorly (Fig. 1). All nuclei of a cyst are either 
entirely radioactive, or completely lacking in activity, 
indicating that  the cells of any one cyst are physiologi- 
cally synchronized, at least in terms of incorporation into 
DNA. 

Fig. 1.--39 h larva, 19 h after removal from labeled food. x 850. 

56 h after removal from radioactive food (76-h larvae), 
radioactive primary spermatocytes may be observed in 
the posterior third of the gonad (Fig. 2 and 3). The radio- 
activity observed anteriorly derives from interstit ial cells 
located throughout the testis. 

While additional work must  be carried out to establish 
the developmental pat tern of the testis in relation to the 
time of DNA synthesis, it may be seen from our prelimi- 
nary data tha t  spermatocytes reduplicate their chromo- 
somes very early during their life history and move 
posteriorly as additional cells are proliferated from the 
apical spermatogonia. 

For the measurement of the mutagenic effect of T - H  3, 
the same sample of food used in the previous experiment 
was mixed with 1.1 ml of the standard fruit fly medium: 
agar, 0.8%; sugar, 5%; corn meal, 6%; yeast, 1.5%; 
water, 86%. 

t Supported in part by Grant G-6097 of the National Science 
Foundation. 
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On  t h e  d a y  fol lowing t h e i r  a p p e a r a n c e ,  t h e  a d u l t  males  
were m a t e d  to  Muller-5  females  for  t h e  p u r p o s e  of de- 
t e r m i n i n g  t h e  sex- l inked  recess ive  m u t a t i o n  ra te .  T h e  
ma le s  of G r o u p s  I, I I I ,  a n d  I V  were  m a t e d  i n d i v i d u a l l y  
to  t h r e e  females,  e a c h  for  a pe r iod  of t h r e e  days ,  a n d  were 
t h e n  p r o v i d e d  w i t h  a second  g roup  of t h r e e  females  each,  
a n d  so on,  for  a t o t a l  of  four  broods .  Males  of G r o u p  I I  
were  m a t e d  in mass  cu l tu re  of t h r e e  females  p e r  ma le  a n d  
four  b roods  obta ined. -  

T h e  T a b l e  s u m m a r i z e s  t h e  d a t a  de r ived  f rom t h e  four  
s e p a r a t e  groups .  U n q u e s t i o n a b l y ,  t h e  p resence  of the  
t r i t i u m  p roduces  a m u t a g e n i c  effect.  W i t h  t h e  excep t ion  
of G r o u p  I I ,  t h e  n u m b e r s  are  genera l ly  sma l l  a n d  the  
a t t e n d a n t  s a m p l i n g  e r ro r  c o r r e s p o n d i n g l y  large,  so t h a t  
a de t a i l ed  anMysis  is u n w a r r a n t e d .  Howeve r ,  i t  m a y  be 
seen  t h a t  in  a l l  cases t h e  h i g h e s t  m u t a t i o n  r a t e  is p r e s e n t  
in  t h e  second  b rood .  

Tab~ 

Fig. 2.--76-h larva, 56 h after removal from food. Radioactivity of 
nuclei of one cyst illustrated. X 850 

16 h a f t e r  h a t c h i n g ,  50 C a n t o n - S  l a r v a e  were p laced  on  
t h i s  food and ,  as p u p a e  a p p e a r e d ,  t h e y  were  r e m o v e d  a n d  
p laced  in  a v i a l  w i t h  s t a n d a r d  food. A l t h o u g h  t h e  16-h 
l a rvae ,  w h i c h  were  p l aced  u p o n  t h e  r a d i o a c t i v e  food, 
h a t c h e d  f rom eggs t h a t  were  la id  o v e r  a 2-h per iod,  t h e r e  
was  a s p r e a d  of two  d a y s  in p u p a t i o n  t ime .  F u r t h e r m o r e ,  
t h e r e  was  a s p r e a d  of four  d a y s  in  t h e  eclosion of  a d u l t  
ma les  f r o m  these  pupae .  I n  t h e  case  of  a g roup  of 50 con-  
t r o l  l a rvae ,  p u p a t i o n  occu r red  o v e r  a pe r iod  of two  d a y s  
a n d  t h e  eclos ion of a d u l t s  f rom these  p u p a e  ove r  a pe r iod  
of t h r e e  days .  

Accord ing ly ,  t h e  fol lowing g roups  were  d e r i v e d :  

Group Days after pupation Number o/ 33 
I 5 6 
I I  6 5 

I I I  6 5 
I V  7 a n d  8 5 

Fig. 3. -- Same larva as in Figure 2. Heavily labeled nucleus of poste- 
rior spermatocyte illustrated. The large size of cells and nuclei at 
this time prevent the visualization of labeled nuclei of any one cyst 

in a single section. X 850 

Group I . . . 

Group I I  . . 

Group I I I .  . 

Group IV . . 

Controls . . . 
(mass matings) 

Brood 

Non- % 
, Lethal '° Mating lethal lethal chromo- period chromo- I chromo- 

somes 
somes somes 

1 4 d a y s i  126 1 0.78 
4 - 6 d a y s  440 6 1.35 
6 - 9 d a y s  i 81 1 1.22 

9-12 days 120 1 0-82 

1-3 days 226 2 0.88 
3 - 6 d a y s  448 18 3-90 
6-9 days 365 2 0-54 

9-12 days 465 3 0-64 

1-3 days 175 4 2.23 
3-6 days 78 3 3.70 
6-9 days 47 1 2.08 

9-12 days 50 0 

1-3 days 102 2 1.92 
3-6 days 52 2 3-70 
6-7 days 34 0 

7-12 days 87 3 3-33 

1-3 days 1,701 1 0.06 

3-6 days 1,646 4 0-24 
6-9 days 935 0 

I t  is s t i l l  to  be  d e t e r m i n e d  w h e t h e r  t h i s  is a case  of 
d i f f e ren t i a l  s ens i t i v i ty ,  or  m e r e l y  w h e t h e r  t h e  p o p u l a t i o n  
of  l abe led  s p e r m  h a s  b e e n  d i l u t ed  b y  u n l a b e l e d  s p e r m  
w h i c h  h a d  r e d u p l i c a t e d  t h e i r  ch ro mo s o mes ,  e i t h e r  before  
t h e  T - H  a was p r e s e n t e d  or  a f t e r  t h e  l abe led  pool  h a d  b e e n  
dep le ted .  T h e  q u e s t i o n  of c lu s t e r s  of m u t a t i o n s  also re- 
m a i n s  un reso lved .  H o w e v e r ,  t h e  o b s e r v e d  m u t a t i o n s  are 
well  d i s t r i b u t e d  a m o n g  t h e  i n d i v i d u a l  ma les  whose  pro-  
genies  h a v e  b e e n  t e s t ed .  F o r  example ,  in  G r o u p  I, B r o o d  2, 
t h e  six m u t a t i o n s  occur  in  four  d i f f e ren t  males ,  t w o  of 
w h i c h  ca r r i ed  t w o  m u t a t i o n s  each.  F u r t h e r m o r e ,  where  
more  t h a n  one  m u t a t i o n  h a s  b e e n  scored  for  a n y  single 
b rood ,  t h e  m u t a n t  c h r o m o s o m e s  h a v e  n o t  b e e n  r e s t r i c t ed  
t o  a n y  i n d i v i d u a l  male .  

PLAUT~ discusses  t h e  q u e s t i o n  c o n c e r n i n g  t h e  possible  
b io logica l  d a m a g e  to  c h r o m o s o m e s  t h a t  h a v e  i n c o r p o r a t e d  
T - H  a a n d  p o i n t s  o u t  t h e  need  for  e x p e r i m e n t a l  w o r k  to  

W. PLAUT, Labor. Inv#st. 8, 286 (1959). 
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examine this  quest ion.  PAINTER, DREW, and HILL 5, 
TAYLOR 6 and WIMBER ? all  p resen t  d a t a  which indicate  
tha t  endogenous rad ia t ion  can  cause damage  to  the  chro- 
mosomes. This  br ief  repor t  indica tes  t he  possible in t ra-  
chromosomal  d a m a g e  t h a t  m a y  follow the  incorpora t ion  
of rad ioac t ive  c o m p o u n d  in to  t he  chromosomes .  

Larger  scale expe r imen t s  in which  precise quant i t i es  
of T - H  a are  in jec ted  in to  la rvae  will  be carr ied ou t  to  
examine more c r i t ica l ly  t he  mutagen ic  proper t ies  of the  
t r i t ium a t o m  af te r  i ts incorpora t ion  into the  chromosomes.  

W.  D. KAPLAN and J .  E.  SISKEN 

Departments o/ Genetics and Experimental Pathology, 
City o/Hope Medical Center, Duarte (Cali/.), August 20, 
1959. 

Zusammen/assung 

Die A u f n a h m e  yon  H~-Thymid in  in 16 h a i te  mAnnliche 
Larven yon  Drosophila melanogaster wurde  autoradio-  
graphisch ver fo lg t  und  die mu tagene  W i r k u n g  des ein- 
ver le ibten Ha-Thymid in  durch  die B e s t i m m u n g  der  HAu- 
figkeit der  gesch lech tsgebundenen  rezessiven Muta t ionen  
gemessen. Es  zeigte sich, dass das der  mi~nnlichen Larve  
der Drosophila melanogaster verabre ich te  H3-Thymidin  
eine bedeu tende  H~iufigkeit de r  Muta t i onen  verursacht .  

5 R. B. PAINTER, R.M. DREW, and W. L. HILL, Science 12,7, 
1244 (1958). 

e j .  H. TAYLOR, Genetics 43, 515 (1958). 
7 D. W. WIMBER, Proc. Nat. Acad. Sci,, Wash. 45, 839 (1959). 

H o r m o n a l  C o n t r o l  o f  M a t i n g  B e h a v i o r  

i n  a n  I n s e c t  x 

Mating  behav io r  in insects  was no t  dem ons t r a t ed  unt i l  
very  r ecen t ly  to  b e  inf luenced by  endocr ine  glands.  A t  
one t ime  i t  was t h o u g h t  t h a t  t h e  a c t i v i t y  of the  gonads 
might  be invo lved  in th is  behavior ,  b u t  i t  was shown tha t ,  
for example ,  in Lymantria 9, Gryllus 3, and Leucophaea 4 
gonadec tomy in males  as well  as in females  does no t  im- 
pair ma t ing  ac t iv i ty .  Conf i rma to ry  resul ts  are also given 
here (Table). Fu r the rmore ,  in females  of Diploptera 5,6 
mating occurs  shor t ly  af ter  emergence,  when  the  gonads 
are still  inact ive .  Recent ly ,  i t  was observed  t h a t  af ter  the  
implan ta t ion  of  n y m p h a l  p ro thorac ic  glands  into adu l t  
females of  Leueophaea only  a smal l  pe rcen tage  of these 
females m a t e d  ~. This  e x p e r i m e n t  was repeated ,  and again  
only 4 of 16 (25%) expe r imen ta l  an imals  accepted  a male  
wi thin  4 weeks  a f te r  emergence.  Apparen t ly ,  the  im- 
p lan ta t ion  of ac t ive  pro thorac ic  glands  changes the  nor- 
mal  response of adu l t  females to  cour t ing  males.  

I t  r ema ined  to be seen whe the r  this  effect  was di rect  
or indirect ,  since implan t s  of ac t ive  pro thorac ic  glands in 
adul t  females  of Leucophaea inh ib i t  t he  ac t iv i ty  of the  

i Supported by U.S.P.H.S. Grant C-3413 administered by Dr. 
B. SCHARRER. 

2 j .  TH. OUDEMANS, Zool. Jb. Syst. 12, 71 (1899). 
s j .  REGEN, ZOO1. Anz. 35, 427 (1910). 
41 a .  SCHARRER, Personal  communica t i on .  
s L. M. ROTH and E. R. WILLIS, Psyche 62, 55 (1955). 
6 F. ENGELMANN, Biol. Bull., Woods Hole 116, 406 (1959). 
v F. ENGEL~tANN, Z. vgl. Physiol. 41, 456 (1959). 

corpora  al lata.  To tes t  th is  point ,  females of Leucophaea 
were a l l a tec tomized  one day  af te r  emergence  and then  
were kep t  w i th  normal  males.  I n  the  expe r imen ta l  as well 
as cont ro l  series 2 couples  were  p laced toge the r  in each  
f inger bowl, so t h a t  each  female  had  a chance  to  m a t e  
wi th  e i ther  of the  2 males.  

I n  t he  no rma l  cont ro l  series, 90% of the  females  had  
accepted a male  wi th in  26 days  a f te r  emergence  as seen 
by  the  presence of a spe rma tophore  in the  bursa  copula-  
t r ix  (Table). By  contras t ,  on ly  abou t  30% of the  al lat-  
ectomized females accepted  a male  wi th in  t he  same 
period. Sham opera ted  females m a t e d  as read i ly  as normal  
animals  (Table). F r o m  this  i t  seems t h a t  m a t i n g  in 
females of Leucophaea depends  on the  presence and ac t iv -  
i ty  of the  corpora  al lata .  This  conclusion is suppor ted  
by  the  observa t ion  tha t ,  in Leucophaea, m a t i n g  no rma l ly  
occurs a t  a t ime  when  the  corpora  a l l a ta  show his tological  
signs of beginning ac t iv i ty ,  i. e. an  increase in cy top lasmic  
content .  Thus,  t he  effect  of t he  imp lan t a t i on  of ac t ive  
prothoracic  glands on the  female  response to  cour t ing  
males can be accounted  for by  the  inh ib i t ion  of t he  
corpora a l la ta  7. 

Mating in normal and experimentally treated 
Leucophaea 

1. Normal females . 
2. Castrated females 
3. Normal females 

mated with 
castrated males . 

4. Allatectomized 
females 

5. Sham allatec- 
tomized females.  

6 .  Allatectomized 
females that  
received four ac- 
tive corpora allata 
26-30 days after 
emergence . . . 

No. of animals 
ob~rved 

156 
16 

58 

36 

16 

11 

No. of animals mated 

within 12 
within 26 days after  re- 
days  after impl.of cot- 
emergence pora allata 

i4i = 90 % 
i5=94 % 

s5 = 95 % 

11 = 30-5 % 

14 = 87 % 

9 = 82% 

This  conclusion is fur ther  subs t an t i a t ed  by  the  follow- 
ing expe r imen t :  E l e v e n  a l la tec tomized  females  were  k e p t  
wi th  normal  males  for 26-30 days  dur ing  which  per iod  
t h e y  did no t  mate .  E a c h  of these  11 females t h e n  rece ived  
implants  of 4 ac t ive  corpora  a l la ta  t aken  f rom las t  i n s t a r  
nymphs  3-5 days  af ter  the i r  molt .  Corpora  a l la ta  of such 
donors are known to  be act ive,  since af ter  imp lan t a t i on  
into adul t  females t h e y  br ing abou t  egg ma tu ra t ion .  F i v e  
days af ter  the  imp lan ta t ion  of the  corpora  al lata ,  6 fe- 
males had a l ready  accepted  a male,  and on the  12 th day  
af ter  the  imp lan ta t ion  a to t a l  of 9 (82%) of the  exper i -  
men ta l  animals  had  m a t e d  (Table). I n  the  2 animals  t h a t  
had  no t  ma ted  when  the  expe r imen t  was d iscont inued  on 
the  t w e n t i e t h  d a y  af te r  re - implan ta t ion ,  the  imp lan t ed  
corpora  a l l a ta  m u s t  h a v e  been qu i te  inac t ive  because  t h e  
oocytes  of these  animals  con ta ined  v e r y  l i t t le  yolk.  Th is  
expe r imen t  w i th  r e - implan ta t ion  of t he  corpora  a l la ta  
demons t ra t e s  t h a t  in Leucophaea ac t ive  corpora  a l l a ta  a re  
invo lved  in the  responsiveness  of females  to cour t ing  
males.  


