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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. 

1 P. M. Bhargava and G. Shannmganl, Progress nucl. acid Res. 
nucl. Biol. 11, 103 (1971). 

2 J. Keprtovh and E. Mind,ova, Neoplaslna 20, 673 (1973). 
3 V. B. Kumar, G. Medoff, G. Kobahashi and D. Sehessinger, 

Nature, Lond. 250, 323 (1974). 
4 F .E .  Farber, J. E. Melnik and J. S. Butel, Biochim. Biophys. 

Acta 390, 298 (1975). 
5 J. Michl and V. Spurn5, Exp. Cell Res. 93, 39 (1975). 
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Material and methods. Donor  3H-label led D N A  was iso- 
l a ted  f rom L-cells g rown  in t he  m e d i u m  c o n t a i n i n g  3H- 
t h y m i d i n e  (3 ~Ci/ml, 20 h) us ing  t he  modif ied  m e t h o d  of 
Marmur ,  emp loyed  a l r e a d y  in  ear l ier  s tudies  a (spec. 
a c t i v i t y  of i so la ted  ~H-DNA 5.64 ~zCi/mg, m.w. 3.15 • 107 
dal tons) .  The  aH-DNA was p r e i n c u b a t e d  for 20 h a t  37 ~ 
w i t h  G P A G  p repa red  f rom calf or sheep sera~; subse-  
q u e n t l y  t he  complex  of a H - D N A + G P A G  was added  to  
Eag le ' s  M E M  in a c o n c e n t r a t i o n  of 25 tag a H - D N A / m l  of 
m e d i u m  and  0.8 m g  G P A G / m l  of med ium.  As t he  hos t  
cells, L - s t r a in  mouse  f ib rob las t s  g rown in a m o n o l a y e r  in  
Eag le ' s  M E M  s u p p l e m e n t e d  w i t h  10% calf  s e rum were 
used. Fo r  expe r imen t s ,  cells were p l a t ed  on  cover-s l ips  
p laced  in P e t r i  d ishes ;  in  t he  l oga r i t hmic  phase  of t he  
growth ,  cover-s l ips  c o n t a i n i n g  cell l ayer  were washed  
w i t h  H a n k s '  so lu t ion  a n d  cells g rown for a d d i t i o n a l  30 or 
60 m i n  in Eagles ' s  M E N  w i t h o u t  serum,  c o n t a i n i n g  3H- 
D N A  + G P A G  or 3H-DNA p r e i n c u b a t e d  for 20 h a t  
37 ~ As a control ,  n o n - p r e i n c u b a t e d  3H-DNA was used. 
Af te r  th i s  period,  cu l tu res  were r insed  and  t r an s f e r r ed  
for 30 min  in to  DNAse  so lu t ion  (37~ 20 txg/ml DNase  
N.B.C. 2x cryst ,  in H a n k s '  solut ion,  p H  7.0). One set  of 
cu l tu res  f rom each  e x p e r i m e n t a l  series was  f ixed ira- 

Post- No. of grains/cell No. of grains/nucleus 
incubation 8H-DNA aH-DNA+GPAG aH-DNA 8H-DNA+GPAG 
(h) 

0 15.32 21.45 10.27 16.52 
24 11.23 14.33 5.32 11.16 
48 6.86 9.51 2.05 7.30 

0:60 min incubation of cells with exogenous aH-DNA or 8H-DNA + 
GPAG. 24 (48): 60 rain incorporation of cells with exogenous 8H- 
DNA or 3H-DNA+GPAG and subsequent 24 (48) h postincubation 
without exogenous aH-DNA. (GAPG was prepared from calf serum.) 

med ia t e ly  (e thanol  and  c o n c e n t r a t e d  acet ic  acid 3 : 1) ; t he  
second set  was c u l t i v a t e d  for a n  add i t i ona l  6, 24 or 48 h 
in Eag le ' s  MEM s u p p l e m e n t e d  w i t h  10% calf serum.  
Af te r  th i s  period,  cells were fixed, the  acidosoluble  cell 
m a t e r i a l  r e m o v e d  b y  1% perch lor ic  acid, a n d  t he  pre-  
p a r a t i o n s  fu r t he r  processed us ing  au to r ad iog raph i c  tech-  
n ique  (S t r ipp ing  f i lm K O D A K  A R  10, exposure  of 2 to  3 
weeks). 
Results and discussion. The  resu l t s  of our  expe r imen t s  
showed t h a t  t he  u p t a k e  of isologous exogenous  a H - D N A  
in to  L-cells is m a r k e d l y  s t i m u l a t e d  b y  GPAG.  S t im-  
u l a to ry  effect  of G P A G  p r e p a r e d  f rom sheep se rum was 
h igher  t h a n  t h a t  of calf s e rum G P A G  (figure). P re incu-  
b a t i o n  of 3H-DNA a t  37 ~ d id  no t  affect  t h e  label l ing of 
cells, wh ich  p r o v e d  t h a t  no  s ign i f ican t  aH-DNA degrada-  
t ion  occurred.  T h a t  t he  3H-DNA re ta ins  i ts  macromol -  
ecular  s t r u c t u r e  in the  hos t  cell is also s u p p o r t e d  b y  the  
p a t t e r n  of labell ing,  and  especial ly  b y  the  iden t ica l  ra t io  
of g ra in  d i s t r i b u t i o n  be tween  t h e  c y t o p l a s m  and  t he  
nucleus  of cells g rown in t he  presence  of con t ro l  and  pre-  
i n c u b a t e d  aH-DNA. 
I n  accordance  w i t h  resul t s  descr ibed  p rev ious ly  5, the  
u p t a k e  of exogenous  3H-DNA b y  hos t  cells is increased in 
t he  presence  of G P A G ;  a t  t h e  same t ime,  in t r ace l lu la r  
t r a n s p o r t  of 8H-DNA in to  t h e  nucleus  is accelerated.  
U n d e r  t he  cond i t ions  given,  r a d i o a c t i v i t y  in t he  cell 
nucleus  is r e t a ined  s i m u l t a n e o u s l y  in a q u a n t i t y  t h r ee  
t imes  h igher  t h a n  for con t ro l  cu l tu res  even  a f te r  48 h of 
add i t i ona l  i n c u b a t i o n  in t he  m e d i u m  w i t h o u t  3H-DNA 
(table).  Inc reased  q u a n t i t i e s  of i nco rpo ra t ed  D N A  in 
nuclei,  wh ich  are caused b y  GPAG,  t h u s  crea tes  b e t t e r  
condi t ions  for D N A  in t eg ra t i on  w i t h  rec ip ien t  cell genome 
and  m a y  be  p roper ly  ut i l ized in model  expe r imen t s  on  
exogenous  D N A  inco rpo ra t ion  in to  m a m m a l i a n  cells 
u n d e r  physiological  c i rcumstances .  

6 J. Keprtovfi, Neoplasma 20, 671 (1973). 
7 J. Michl, Exp. Cell Res. 23, 324 (1961). 
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Summary.  17 p l a n t  species growing nea r  B o m b a y ,  India ,  were ana lysed  for 26 t race  e l emen t s  b y  n e u t r o n  a c t i v a t i o n  
analysis .  Ou t  of these  on ly  Alternanthera sessilis was found  to  be  an  a c c u m u l a t o r  p l a n t  for A1, V, Ti  a n d  Sc. 

A c c u m u l a t o r  o rgan i sms  are cha rac t e r i zed  b y  t h e i r  
c apac i t y  to  a b s o r b  a n d  s tore large a m o u n t s  of specific 
e l ement s  wh ich  are no t  t a k e n  up  b y  the  p o p u l a t i o n  a t  
large growing  in t he  same e n v i r o n m e n t .  T h e y  are also 
called ind ica to r  or col lector  species. Severa l  examples  of 
such  species h a v e  been  given b y  BOWEN 1 and  UNDER- 
WOODL These  p l a n t s  also serve as useful  geochemica l  
i nd ica to r s  for iden t i f i ca t ion  of t h e  u n d e r g r o u n d  mine ra l  
deposi ts .  

W e  r ecen t ly  u n d e r t o o k  a s t u d y  to d e t e r m i n e  t he  ele- 
m e n t a l  c o n c e n t r a t i o n s  of a n u m b e r  of p l a n t  species and  
to compa re  t he  effects  of air  po l lu t ion  on  t r ace  e l emen t  
c o n t e n t  of t he  p lan ts .  Dur ing  t he  course of th i s  s tudy ,  
we came  across some p l a n t  species wh ich  looked p rom-  
ising as a c c u m u l a t o r  species. 

Materials and methods. The  p l a n t  samples  were col- 
lec ted  f rom t h e  I n s t i t u t e  of Science B o t a n i c a l  Gardens ,  

B o m b a y .  The  leaves,  s t ems  a n d  where  possible  roots ,  
inf lorescence and  frui ts  were collected.  The  ma te r i a l  was 
washed,  dr ied a t  85~ and  powdered .  The  analys is  for 
t race  e l emen t s  was pe r fo rmed  b y  t he  t e c h n i q u e  of n e u t r o n  
a c t i v a t i o n  analysis ,  t h e  de ta i l s  of which  are g iven  else- 
where  a. 

Results and discussion. 17 p l a n t  species were ana lyzed  
for 26 t r ace  e lements .  Most  of t he  species were w i th in  a 
close r ange  for  a g iven  e lement .  Only  Alternanthera ses- 

1 H. J. M. BOWEN, in Trace Elements in Biochemistry (Academic 
Press, London 1966). 

2 E. J. UNDERWOOD, in Trace Elements in Human and Animal 
Nutrition (Academic Press, New York 1971). 

3 R. A. NADKARNI and G. H. MORRISON, Anal. Chem. 45, 1957 
(1973). 


