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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). 
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silis w a s  f o u n d  t o  a c c u m u l a t e  4 e l e m e n t s  - A1, V, Ti ,  a n d  
Sc. T h e  d a t a  is g i v e n  in  t h e  t ab l e .  T h e  r a n g e  of  v a l u e s  
f o u n d  for  16 o t h e r  p l a n t  spec i e s  g r o w i n g  in  t h a t  a r e a  for  
t h e s e  p a r t i c u l a r  e l e m e n t s  is a lso  i n c l u d e d .  

A l u m i n i u m  is a c c u m u l a t e d  b y  Alternanthera sessilis 
u p  to  a b o u t  10 t i m e s  m o r e  t h a n  o t h e r  p l a n t s  in  t h e  s a m e  
a rea .  R o o t s  a c c u m u l a t e  m o r e  A1 t h a n  s h o o t  p o r t i o n s .  
N o r m a l  A1 c o n c e n t r a t i o n  in  t h e  l a n d  p l a n t s  is g i v e n  b y  
BOWEN 1 as  500 p p m .  CHENERY 4 h a s  d o c u m e n t e d  c e r t a i n  

Trace Elements in Alternanthera sessilis 

Flement, ppm Roots Shoots 

A. sessilis Others A. sessilis Others 

Aluminium 7100 212-730 2910 200 750 
Vanadium 31 11 0.3 - 4.5 
Titanium 550 20-51 93 27 43 
Scandium 2.I 2.5 0.06- 1 

AI  a c c u m u l a t o r s  w h i c h  c o n t a i n  u p  t o  1 5 %  AI~O a in  
l eaves ,  t h o u g h  m o r e  c o m m o n  A1 a c c u m u l a t o r s  h a v e  
a b o u t  0 . 2 % .  HESS 5 f o u n d  5000 p p m  A1 in  t h e  l e a v e s  of  
t h e  m a n g r o v e  Rhizophora harrisonii. 

A lternanthera sessilis a lso  s e e m s  to  a c c u m u l a t e  V a n d  
Ti,  a g a i n  t h e  r o o t s  s t o r i n g  m o r e  t h a n  t h e  l eaves .  D e g r e e  
of  e n r i c h m e n t  in  t h e  l e a v e s  h e r e  is n o t  as  g r e a t  a s  in  t h e  
ca se  o f  A1. O t h e r  p l a n t  s p e c i e s  h a v e  b e e n  r e p o r t e d  t o  
c o n t a i n  less  t h a n  1 p p m  V a n d  1 -2  p p m  T i  b y  BOWEN ~ 
a n d  UNDER~vVOOD 2. 

S c a n d i u m  is a c c u m u l a t e d  b y  Alternanthera sessilis to 
a l e s se r  d e g r e e  c o m p a r e d  to  o t h e r  p l a n t s  in  t h a t  a r ea .  
R o o t s  a n d  s h o o t s  s e e m  to  s t o r e  t h e  s a m e  a m o u n t  o f  Sc. 
BOWnN 1 g i v e s  t h e  a v e r a g e  Sc c o n c e n t r a t i o n  in  t h e  l a n d  
p l a n t s  as  o n l y  a b o u t  0 .008 p p m ,  w h i c h  m a k e s  Alternan- 
thera sessilis a c c u m u l a t i n g  p r o p e r t y  a b o u t  2000 t i m e s  
m o r e  t h a n  a v e r a g e .  T o  t h e  b e s t  of  o u r  k n o w l e d g e ,  t h e r e  
a r e  n o t  T i  a n d  Sc a c c u m u l a t o r  p l a n t s  r e p o r t e d  so  far .  

4 tL. M. CHENERY, J. Soil Sci. 2, 97 (1950). 
a p. R. HESSE, PI. Soil t9, 205 (1963). 
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Summary. F i b r e s  of  t h e  l o b s t e r  a c c e s s o r y  f l exo r  m u s c l e  e l o n g a t e  b y  2 m e c h a n i s m s :  a n  i n c r e a s e  in  s a r c o m e r e  l e n g t h ,  
w h i c h  is r e s t r i c t e d  to  t h e i r  e a r l y  d e v e l o p m e n t  a n d  b y  t h e  a d d i t i o n  of se r i a l  s a r c o m e r e s  of  a r e l a t i v e l y  c o n s t a n t  size,  
w h i c h  p r e v a i l s  t h r o u g h o u t  t h e  life of  t h e  a n i m a l .  

V e r t e b r a t e  m u s c l e  f ibres ,  a f t e r  t h e i r  e a r l y  d e v e l o p -  
m e n t a l  s t a g e s ,  g r o w  in  l e n g t h  b y  a d d i n g  s a r c o m e r e s  of  a 
c o n s t a n t  size to  t h e  e n d s  of t h e  m u s c l e  f i b re s  2-~. I n  
f a c t  a d u l t  m u s c l e  f i b re s  c a n  c h a n g e  in  l e n g t h  n o t  o n l y  
b y  a d d i n g  s a r c o m e r e s  b u t  a lso  b y  r e m o v i n g  t h e m  f r o m  
t h e  e n d s  of m u s c l e  f ib res  6,7 

O n  t h e  o t h e r  h a n d  c r u s t a c e a n  m u s c l e  f i b re s  g r o w  
l o n g e r  b y  t h e  c o n t i n u o u s  l e n g t h e n i n g  of i n d i v i d u a l  
s a r c o m e r e s  d u r i n g  e a r l y  d e v e l o p m e n t a l  s t a g e s  8,9 a n d  
t h r o u g h o u t  a d u l t  life ~0. O n  t h i s  bas i s ,  c r u s t a c e a n s  s u c h  

lC 

8 
~4  

2j 
, <  

0 
01 

o 

o 

o o 

o o o o o 

o o o o 

2 . ~ ' "  �9 

I i i , , I  I i , ~ . . . .  i i 
0.5 1 5 10 20 mm 

Fiber length 

Fig. 1. Relationship between the inean A-band (closed circles) and 
sarcomere (open circles) lengths of a proximal fibre fronl the distal 
head of the accessory flexor muscle arid the log of its fibre length. 
The curve fitting the points for the A-band (dashed line) and the 
sarcomere (continuous line) lengths is drawn by eye. 

as  l o b s t e r s  w h i c h  c o n t i n u e  to  g r o w  in m a s s  m i g h t  t h e r e -  
fo re  be  e x p e c t e d  to  h a v e  u n u s u a l l y  l o n g  s a r c o m e r e s  to  
a c c o u n t  for  t h e  i n c r e a s e  in  f ib re  l e n g t h .  B u t  if t h e  s a r c o -  
m e r e s  m a i n t a i n  a f a i r l y  c o n s t a n t  l e n g t h  t h r o u g h o u t  a d u l t  
l ife t h e n  t h e  l e n g t h e n i n g  o f  f ib res  m u s t  be  a t t r i b u t e d  to  
t h e  a d d i t i o n  of  s a r c o m e r e s .  W e  f i nd  t h e  l a t t e r  t o  be  t h e  
ca se  for  f i b r e s  of  t h e  l i m b  a c c e s s o r y  f l exo r  m u s c l e  in  
l obs t e r s .  

Material and methods. L o b s t e r s  (Homarus americanus) 
were  h e l d  in  r u n n i n g  s ea  w a t e r  t a n k s  a t  a m b i e n t  t e m p e r -  
a t u r e  (ca. 23~ a t  W o o d s  Ho le .  T h e  a c c e s s o r y  f l e x o r  
m u s c l e  in  t h e  f i r s t  w a l k i n g  leg  w a s  e x p o s e d  a n d  f i x e d  a t  
r e s t  l e n g t h  in  a q u e o u s  B o u i n s  s o l u t i o n  in w h i c h  i t  w a s  
a lso  s t o r e d .  Al l  m e a s u r e m e n t s  we re  m a d e  w i t h  a n  o c u l a r  

i Acknowledgments. Supported by grants from NRC and Muscular 
Dystrophy Association of Canada to C. K. G. and by NIH-NINDS 
and Muscular Dystrophy Association of America to F. L. We thank 
Dr G. D. Bittner for supplying us with a prepublication copy of his 
paper, Dr I. M. Campbell for advising us in the statistical analysis 
of the data and Dr H. L. Atwood for criticizing the manuscript.  

2 D. A. FISHMAN, J. Cell Biol. 32, 557 (1967). 
a G. GOLr)SPINK, J. Cell Sci..3, 539 (1968). 
4 G. ]~. GRIFFEN, P. e .  WILLIAMS and G. GOLDSPINK, Nature 232, 

28 (1971). 
5 p. E. WILLIAMS and G. GOLDSPINK, J. Cell Sei. 9, 751 (1971). 
6 G. GOLDSPINK, C. TABARY, J .  C. TABARY, C. TARDIF~U and G. 

TARDIEU, J. Physiol., Lond. 236, 733 (1974). 
7 Z. F. MUHL and A. F. GRIMM, Experientia 31, 1053 (1975). 
8 G. D. BITTNER, J .  exp. Zool. 167, 439 (1968). 
9 C. K. GOVIND, H. L. ATWOOD and  F. LANG, J. exp.  Zool.  189, 395 

(1974). 
10 G. D. BITTNER and D, L, TRAUT, Personal communication (1976), 


