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ple te ly  curled up (figure 6). These features  were ve ry  
p r o m i n e n t  in 72-h-old insects,  where  t h e y  were seen in 
i r regular ly j umbled  groups in the  vas deferens  par t icu-  
larly. The spe rma t ids  in the  tes tes  were h ighly  shrunken.  
The sperms of such t r ea t ed  insects,  when  t r aced  in fe- 
males,  were fewer in number  wi th  no a p p a r e n t  morpho-  
logical change vis-A-vis the  control  insects  (figure 7). The 
nuclear  pa r t s  of the  sperms adhered  to each o the r  
(figure 8) and  the  bodies had  no t  a normal  outline. 
Discussion. Reviewing the  effects of chemos te r i l an t s  on 
tl~e reproduc t ive  organs  of insects,  Campion  has  discussed 
spe rm inac t iva t ion  caused by  n i t rogen mus ta rd ,  apholate ,  
t epa  and several  sulphonic  acid esters  5 bu t  the  pheno-  
menon  has been only  related to the  fer t i l i ty  or unfer t i l i ty  
of females w i thou t  assigning any  inhibi t ion in sperm 
morphology.  However ,  the  spe rm immobi l i ty  has been 
repor ted  by  several  workers  7-0. 
In  the  p resen t  s tudy,  the  main  cause of the  male s ter i l i ty  
is the  agglut inat ion,  mal format ion  and immobi l i ty  of the  
sperms.  Spe rm bundles  are p resen t  a t  the  t ime  of expo-  
sure and t h e y  pass into the  vas deferens n e x t  day. F r o m  
24-h onwards  the  sperms show all above features  and it 
appears  t h a t  the  inac t iva t ion  is because of the  imba lanced  
secret ions of the  vas deferens and to some e x t e n t  of the  
tes t icular  t issue xo. T remendous  changes  in sperm morpho-  
logy have been  observed in the  female t r ac t  a f ter  copula- 
t ion  of normal  insects. Thus  in concurrence wi th  the  

observa t ion  of Johnson  et  al. 1~. The sperms of the  t r e a t ed  
males, when  t raced  in the  female t ract ,  did no t  show a n y  
morphological  change and  lacked moti l i ty ,  whereas  in t he  
case of classical chemos te r i l an t s  the  spe rm does no t  lack 
the  normal  appearance ,  mot i l i ty  and abi l i ty  to  en te r  the  
ovum 12 
On the  whole, i t  is diff icult  to  say w h e t h e r  the  t r ans fe red  
sperms are dead  or living. Their  inac t iva t ion  m a y  be due 
to some imbalance  in the  in te rp lay  of ho rmona l  and  
tes t icular  mechanisms .  However ,  to  br ing abou t  any  con- 
crete general izat ion,  more  inves t igat ions  are needed  ~a. 

7 0 .  G. Fahmy and M. J. Fahmy, Ann. N. Y. Acad. Sci. 68, 736 
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Summary. St imula to ry  effect of tr isporic acid and fl-ionone on carotenogenesis  seems to be of a compet i t ive  na tu re  in 
the  minus s t ra in  of Blakeslea tr ispora,  which  suggests  the  same site of action.  Trisporic acid may  be derepress ing t h e  
enzyme(s) revolved in the  conversion of 5 -phosphomeva lona te  to d ime thy l  allyl py rophospha te .  

Trisporic acid (TA), a wel l -known sex ho rmone  of the  
Mucorales, was first  isolated f rom m a t e d  f e rmen ta t ions  of 
Blakeslea t r i spora  ~, which produced  m u c h  h igher  yields 
of carotene  t h a n  u n m a t e d  f e rmen ta t ions  3. This  rise in 
carotene  p roduc t ion  was a t t r i bu t ed  to  the  fo rma t ion  of 
TA. TA regulates  the  sexual  reproduc t ion  in he te ro tha l l ic  
Mucorales ~ and  conspicuously  ac t iva tes  carotenogenesis  
in minus  bu t  not  in the  plus s t ra in  of B. t r i spora  5. 
Goodwin et  al. ~ have  d e m o n s t r a t e d  t h a t  TA acts  as a 
derepressor  of an enzyme in caro tene  p a t h w a y  which is 
normal ly  ra te  l imiting. But  the  exac t  site of TA act ion 
has no t  been es tabl ished so far. Knowledge  of the  mecha-  
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Fig. 1. Structures of trisporic acid C and ~]-ionone. 

n ism of TA act ion in caro tene  p a t h w a y  is f u n d a m e n t a l  
for the  unde r s t and ing  of the  regulat ion of ca ro teno-  
genesis. In  th is  repor t ,  some exper imen t s  a imed a t  the  
elucidat ion of the  exac t  si te of act ion of TA are descr ibed.  
fl-Ionone is known to s t imula te  carotenogenesis .  Reyes  
et  al. 7 repor ted  t h a t  the  si te of ac t ion of /%ionone lies in 
the  biochemical  p a t h w a y  of t e rpenoid  synthes is  be tween  
the  convers ion of 5 -phosphomeva lona te  to d i me t h y l  allyl 
py rophospha te .  There  is a s ignif icant  s t ruc tu ra l  s imi lar i ty  
be tween  TA and fl-ionone as shown in figure 1. Therefore,  
it  was wor thwhi le  inves t iga t ing  w h e t h e r  fl-ionone m i g h t  
compete  wi th  TA for the  site of act ion 8. Minus s t ra in  of 
B. t r i spora  was chosen as the  tes t  organism because i t  
does no t  produce  TA b u t  the  caro tene  synthes is  is s t imu-  
la ted by  TA. 
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The  ( + )  ( N R R L  2895) a n d  ( - - )  ( N R R L  2896) s t r a ins  of 
B. t r i spo ra  o b t a i n e d  f rom U.S.  Dept .  of Agr icu l ture ,  
Peor ia ,  I l l inois,  were m a i n t a i n e d  as descr ibed  b y  Ander -  
son e t  al. 8 a n d  g rown on  a S y n t h e t i c  Mucor  M e d i u m  
(SMM) 1~ c o n t a i n i n g  2 %  m a l t  ex t rac t .  
Caro teno ids  were  e s t i m a t e d  f rom t h e  w e t  mycel ia .  
Mycel ia  were homo gen i zed  in a Sorva l l  omn i  mixe r  a n d  
ca ro tenes  were o b t a i n e d  in a c e t o n e : d i e t h y l  e t h e r  (1:1) 
mix tu re .  Ace tone  was  r e m o v e d  b y  w as h i ng  w i t h  cold 
dis t i l led w a t e r  a n d  dr ied  over  a n h y d r o u s  sod ium su lpha te .  

f l-Carotene was e s t i m a t e d  b y  us ing  E 11~m va lue  of  2500 
a t  450 n m  as descr ibed  b y  Dav ie s  n .  T A  was e x t r a c t e d  
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Fig. 2. Effect of trisporic acid and fl-ionone on earotenogenesis in 
Blakeslea trispora (-). (0--0)  Trisporic acid curve. (O--�9 fi-Ionone 
curve. 
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Fig. 3. Effect of trisporie acid on carotenogenesis in fl-ionone sup- 
plemented Blakeslea trispora (-). 
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Fig. 4. Effect of fl-ionone on carotenogenesis in trisporie acid supple- 
mented Blakeslea trispora (-). 

f rom t h e  p o t a t o  glucose t h i a m i n e  m e d i u m  of m a t e d  cul- 
tu res  accord ing  to  t he  m e t h o d  descr ibed  b y  S u t t e r  i2. The  
f inal  T A  e x t r a c t  was  o b t a i n e d  in 0.1 ?r t r i s - su lpha te  

1% buffer ,  p H  7.5, a n d  e s t i m a t e d  us ing  E 1 cm va lue  of 700 
a t  325 nm.  A T A  p r e p a r a t i o n  f rom ]3. t r i s p o r a  con ta ins  
m a i n l y  t h e  C-1.3 a lcohol  t r i spor ic  acid C(80%) w i t h  t h e  
C-13 ketone ,  t r i spor ic  acid B (15%) a n d  m i n u t e  a m o u n t  
of t he  C-13 deoxy  d e r i v a t i v e  t r i spor ic  acid A 13. T A  a n d  
fl-ionone (fi l ter steril ized) were a d d e d  to  72-h-old m i n u s  
cu l tu res  in  250 m l  E r l e n m e y e r  f lasks c o n t a i n i n g  100 ml  
of SMM m e d i u m  w i t h  2% m a l t  ex t rac t ,  wh ich  were 
f u r t h e r  i n c u b a t e d  for 48 h. F lasks  were covered  w i t h  
b l ack  bags  to  avo id  t he  d e g r a d a t i o n  of T A  due  to l ight .  
S a t u r a t i o n  curves  of fl-ionone a n d  T A  are  shown  in 
f igure 2. A d d i t i o n  of 5.23 • 10 -1 ~M T A  resu l ted  in t h e  
m a x i m u m  s t i m u l a t i o n  of caro tene ,  whereas  s a t u r a t i o n  
level  was  r eached  w i t h  4.92 • 10 -1 m M  fl-ionone. As com- 
pa red  to  fl-ionone, T A  gives a h ighe r  s a t u r a t i o n  level  of 
f l -carotene p roduc t ion .  
The  effect  of t he  add i t i on  of T A  to  t he  m e d i u m  con ta in ing  
t h e  m i n u s  cu l tu res  suppl ied  w i t h  s a t u r a t i n g  concen t r a -  
t ions  of fl-ionone was s tudied .  F igure  3 shows t h a t  t he  
s t i m u l a t g r y  effect  of T A  was n o t  d e t e c t a b l e  in  t he  pre-  
sence of s a t u r a t i n g  c o n c e n t r a t i o n  of fl-ionone, t h a t  is 
4.92 • 10 -1 raM. Similar ly ,  in  t h e  presence  of s a t u r a t i n g  
c o n c e n t r a t i o n  of TA, a s t i m u l a t o r y  effect  of fl-ionone on  
ca ro tene  syn thes i s  was  n o t  observed .  Cul tures  were sup-  
p l e m e n t e d  w i t h  4.2 • 10 -1 [xM TA, wh ich  is s l ight ly  lower 
t h a n  t h e  s a t u r a t i n g  concen t r a t i on .  There  was  a s l ight  rise 
in  t h e  level  of ca ro tene  on  t h e  a d d i t i o n  of 1.0 • 10 -z m M  
fl-ionone. F u r t h e r  add i t i on  d id  n o t  m a k e  a n y  difference.  
The  resu l t s  show t h a t  t he  p resence  of TA/f l - ionone in te r -  
ferred w i t h  t he  s t i m u l a t o r y  effect  of t he  o t h e r  s t i m u l a t o r  
f l- ionone/TA. The  c o m p e t i t i v e  n a t u r e  of T A  and  fl-ionone 
m e d i a t e d  s t imu la t i ons  suggests  t h a t  t h e y  m a y  be  ac t ing  
a t  t he  same site in t he  ca ro t ene  b i o s y n t h e t i c  p a t h w a y .  
To ver i fy  th i s  a s sumpt ion ,  e x p e r i m e n t s  were car r ied  ou t  
to  see t he  effect  of d i f fe ren t  c o m b i n a t i o n s  of fl-ionone a n d  
T A  (where concen t r a t i ons  of b o t h  the  s t i m u l a t o r s  were 
lower t h a n  t he  s a t u r a t i o n  level) on m i n u s  cul tures .  
Resu l t s  (table) show the  s t i m u l a t i o n  of ca ro t ene  p roduc-  
t ion  of t he  add i t i on  of d i f fe ren t  c o m b i n a t i o n s  of TA a n d  
fl-ionone, as well  as t he  s t i m u l a t o r s  alone. I n  t he  case of 
c o m b i n a t i o n  ( 1 . 0 5 •  -z ~M T A  -F 3 . 9 2 •  -1 m M  
fl-ionone), s t i m u l a t i o n  of ca ro t ene  p r o d u c t i o n  was 8.14 
uni ts .  I f  i t  h a d  been  t he  case of add i t i ve  effect, s t imu la t i on  
should  h a v e  been  13.2 un i t s  (combined  va lues  of s t imu-  
l a t o r y  effect  on  add i t i on  of b o t h  s t imu la to r s  singly).  
A n o t h e r  c o m b i n a t i o n  (2.61 • 10 -1 ~xM T A  + 2.45 • 10 -1mM 
fl-ionone) also showed  a s imi la r  p a t t e r n .  I f  fl-ionone a n d  
T A  were ac t ing  a t  two  d i f fe ren t  s i tes  in ca ro tene  b iosyn-  
t he t i c  p a t h w a y ,  presence  of one  s t i m u l a t o r  should  n o t  
in te r fe r  w i t h  t he  s t i m u l a t o r y  a c t i v i t y  of t h e  o the r  s t imu-  
lator .  Bu t ,  if t h e y  are ac t ing  a t  t h e  same site, as h a p p e n s  
in t h i s  case, p resence  of one s t i m u l a t o r  would  i nh ib i t  t he  
o the r  s t i m u l a t o r  d e p e n d i n g  u p o n  t he  concen t ra t ions ,  as 
t h e y  compe t e  for t he  same site. The  effect  of these  com- 
b i n a t i o n s  of T A  and  fl-ionone shows t h a t  t he  s t i m u l a t o r y  

9 R. F. Anderson, M. Arnold, G. E. N. Nelson and A. Ciegler, 
Agric. Food Chem. 6, 543 (1958). 

10 C. W. Hesseltine and R. F, Anderson, Myeologia 49, 449 (1957). 
11 B. H. Davies, in: Chemistry and Biochemistry of plant pigments, 

p. 489-532. Ed. T. W. Goodwin. Academic Press, Inc., New York 
1965. 

12 R. P. Sutter, Science 768, 1590 (1970). 
13 J. D. Bu'Lock, D. Drake and D. J. Winstanely, Phytoehemistry 

11, 2011 (1972). 
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Effect of different combinations of fl-ionone and TA on caroteno- 
genesis in B. trispora (-) 

Addition Carotene/ Increase compared to 
g dry wt. control (units)* 
(~g) 

fl-ionone (mM) 
2.45 • 10 -1 
2.95 • 10 -1 
3.92 • 10 -a 

TA ([zM) 
1.05 • 10 - I  
2.09 • 10 -~ 
2.61 • 10 -~ 

TA 
(#Vl) 

2.61 • 10 -1 
2.09 • 10 -1 
1.05 • 10 -~ 

87.50 3.85 
110.00 6.10 
145.00 9.6 

85.00 3.6 
125.00 7.6 
147.5 9.85 

~-ionone Probable value if 
+ (mM) additive effective 

2.45 • 10 -~ 151.52 10.25 13.7 
2.95 • 10 1 217.11 I6.81 13.7 
3.92 • 10 -1 130.41 8.14 13.2 

* A unit is defined as an increase of 10 ~g of fl-carotene per g dry wt. 

ac t iv i ty  of one of the  s t imula tors  was  inh ib i ted  by  the  
o ther  s t imula to r  which  conf i rmed the  compe t i t ive  na tu re  
of fl-ionone and  TA med ia t ed  s t imulat ions .  O n l y  in the  
case of one combina t ion  (2.09 • 10 -1 tzNI TA + 2.95 • 10 -1 
mM fl-ionone), s t imula tors  did no t  inh ib i t  each o ther ' s  
act ivi ty .  A possible exp lana t ion  could be t h a t  the  con- 
cen t ra t ions  of fl-ionone and  TA were so low t h a t  b o t h  
toge the r  m a d e  sa tu ra t ion  level. 
Similar i ty  be tween  fl-ionone and  TA med i a t ed  s t imula t ion  
of carotenogenesis  is t h a t  there  is an increase in the  pro-  
duc t ion  of sterol  as well as caro tenoids  in minus  and  
m a t e d  cul tures  indica t ing  t h a t  b iosynthes is  of in ter-  
media tes  of isoprenoid p a t h w a y  is s t imula ted  14. In  each 
case, th is  effect  is inhib i ted  by  cycloheximide  a, s. As the  
site of fl-ionone act ion is known,  TA m i g h t  be derepres-  
sing enzyme or enzymes  involved in convers ion of 
5 -phosphomeva lona te  to  d i me t h y l  allyl py rophospha t e .  
These s teps  result  in t he  fo rmat ion  of isoprene unit ,  the  
bui lding block of sterols and  carotenoids .  

14 J. D. Bu'Lock and D. J. Winstanley, J. Gen. Microbiol. 69, 391 
(1971). 
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Summary. The up take  of exogenous 3H-DNA by m a m m a l i a n  cells is increased in t he  presence of a specific se rum 
prote in  complex  - g rowth -p romot ing  a lpha-globul in  (GPAG). aH-DNA is re ta ined  in the  cell nucleus in a q u a n t i t y  
3 t imes  higher  t h a n  for cont ro l  cul tures w i thou t  GPAG even af ter  47 h of addi t ional  cu l t iva t ion  in the  m e d i u m  wi thou t  
aH-DNA. 

The great  in te res t  in the  incorpora t ion  of exogenous DNA 
into m a m m a l i a n  cells and the i r  nuclei 1 is s t imula ted  by  
the  po ten t ia l  possibi l i ty  of DNA uti l izat ion for intro-  
duct ion  of new genetic d e t e r m i n a n t s  into the  cells. One of 
t he  p rob lems  is to f ind proper  agents  which enhance  the  
incorpora t ion  of exogenous D N A  and  p ro tec t  it  f rom 
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Average number of grains over L-cells (empty colunm) or their 
nuclei (solid column) after incorporation of exogenous 3H-DNA or 
3H-DNA+ GPAG in dependence on incubation period of exogenous 
3H-DNA with cells (30 or 60 min) and postineubation without 
3H-DNA (60 min incubation + 6 h postineubation). 
DO, 3H-DNA not preincubated (control); D 20, 3H-DNA prein- 
cubated for 20 h at 37~ %, 3H-DNA+GPAG (calf); cq, 3H-DNA+ 
GPAG (sheep). Standard errors of the mean are given for each value. 

digest ion in the  cells. Incorpora t ion  of D N A  into  hos t  
cells is s t imula ted  by  polyorni th ine ,  polyarginine,  poly- 
lysine, spermine,  D E A E - d e x t r a n ,  la tex  part icles,  CaC12 
and amphote r ic in  B ~-4. However ,  m a n y  of these  sub- 
s tances  m a y  damage  tile cells as t h e y  are no t  na tu ra l  
componen t s  of the  cell e n v i r o n m e n t  in the  organism. 
The presen t  s tudy  was carr ied out  on a specific se rum 
prote in  complex  - the  g ro w t h -p ro mo t i n g  alpha-globul in  
(GPAG) - which  has  been  d e m o n s t r a t e d  to  enter  the  
ceils by  pinocytos is ;  GPAG has  s imul taneous ly  a s t rong 
b inding  capac i ty  for some precursors  of cell macro-  
molecules. During a co- incubat ion  of G P A G  and aH- 
thymidine ,  aH-uridine, 3H-lysine or a2PO~"', gradual 
b inding  of the  precursor  to  p ro te in  takes  place;  subse- 
quen t ly  the  complex  of the  2 c o m p o n e n t s  is t aken  up 
f rom the  med i u m by  cu l t iva ted  cells. High  pinocyt ic  
ac t iv i ty  is specifically connec ted  wi th  GPAG and the  
subs t i tu t ion  of serum a lbumin  for G P A G  results  in a 
sharp ly  reduced fo rmat ion  of p inosomes  5. We have  there-  
fore s tudied,  in analogous exper iments ,  incorpora t ion  of 
exogenous DNA pre - incuba ted  wi th  G P A G  into the  cells. 
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