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Table II. Protein and significant amino acid compositions of Cicer arietinum L. cv. Chhola as influenced by 7-radiation seed treatment 

Characteristics Dosages (kR) LSD (0.05) 

0 1 2 3 4 5 7.5 10 

Protein 19.5 19.3 19.4 19.5 19.5 19.5 19.0 19.0 NS 
(moisture free) 
Amino aeids~ 
Arginine 9.16 4- .11 9.04 =L .22 8.68 -t- .04 8.91 4- .10 .37 
Aspartic acid 11.96 :t: .02 12.21 -- .02 12.17 ~: .04 12.16 ~ .03 .13 
Recovery 93.53 91.89 96.31 94.42 
(nitrogen basis) 

9.22 • .04 9.43 ~ .07 8.49 ::t: .04 9.25 -L .04 
12.02 :t= .01 12.01 ~ .03 12.24 ~ .10 12.12 :t= .02 
93.09 94.25 93.22 92.34 

Amino acid values were corrected to 100 % recovery of KJELDAHL p~:otein and to a moisture free basis. 

nons igni f icant  correla t ion wi th  dosage. The s ignif icant  
g rowth  reduct ions  so charac ter i s t ic  of h igh dosages, 
exis ted for he ight  and  seedling performance .  The negat ive  
correlat ions of seedling he ight  and per formance  wi th  dosage 
have  p rov ided  addi t iona l  suppor t  for th is  g rowth  t r end  
(Table 1). Such reduct ions  have  been  earlier r epor ted  v-l~ 

Signif icant  var ia t ions  in amino  acid composi t ions  were 
ob ta ined  for arginine and aspar t ic  acid. The la t te r  provi-  
ded a def ini te  increasing t r end  f rom 5.0 k R  while errat ic  
decreases  were ob ta ined  for arginine a t  2.0 and  7.5 k R  
(Table II).  The nu t r i t iona l  pa r ame te r s  s tud ied  ~ suggest  
t h a t  up to 10.0 k R  no adverse  t r ends  developed to  create  
possibly deleterious f i rs t  genera t ion  effects t h a t  m a y  
enhance  the  f requency  of no t  overcoming the  negat ive  
y ie ld /p ro te in /nu t r i t iona l  qua l i ty  correlat ions.  Current  
m u t a t i o n  breeding  p rog rammes  have  a t t ached  impor tance  
to  i m p r o v e m e n t  of p ro te in  con ten t  and  qual i ty.  This t r a i t  
has  been given due impor t ance  as the  final selection sieve 
for m u t a n t s  in advanced  genera t ions  ~2 or as an M~ 
select ion p a r a m e t e r  a3. The mer i t s  and demer i t s  of e i ther  
approach  have  been considered~3 earlier, wi th  the  essen- 
t ia l i ty  of such qua l i ta t ive  assessment  p u t  forward by  
JOHNSON et al. ~4 and GOTTSCHALK and  M U L L ~  ~5. For  C. 
arietinum L., a diploid,  the  au tho r  feels t h a t  the  nutr i -  
t ional  aspects  should form the  init ial  sieve. Subsequen t  
efforts  m a y  then  be di rec ted  towards  isolat ing progenies 
depic t ing  m a x i m u m  combina t ion  of desirable charac ters  
and possessing the  adverse  negat ive-corre la t ion  breaks.  

The morphologica l  da t a  in general  did no t  mani fes t  
adverse  i r radia t ion  effects  up to  4.0 kR, and has  p rov ided  
in format ion  for control l ing t r e a t m e n t s  t h a t  a grea ter  
desirable f requency of m u t a b i l i t y  is achieved in order  to 
faci l i tate  mak ing  mul t id i rec t ional  selections. This m a y  
lead to  b lending in an ' ideal  va r i an t '  the  improved  desired 
t ra i t / s  coupled wi th  the  carry  th rough  of the  nu t r i t ive  
qua l i ty  genetic pool as is or be posi t ively  directed.  Al- 
t hough  the  nu t r i t iona l  s ta tus  was no t  adverse ly  effected 
up to 10.0 kR,  negat ive  t r ends  did appear  for the  g rowth  
parameters .  I t  m a y  hence  be advan tageous  no t  to use the  
higher  range for induced  m u t a t i o n  studies,  consider ing the  

grea ter  possibi l i ty  of a l ter ing the  otherwise o p t i m u m  
cnl t ivar  characters .  

The influence of acute  y- radia t ion  exposures  upon the  
nu t r i t iona l  and g rowth  pa rame te r s  of Cicer arietinum L. 
cv. Chhola was s tudied.  Consis tent  adverse  var ia t ions  
in p ro te in  and  amino  acid composi t ions  did no t  occur up 
to 10 kR.  Growth  pa rame te r s  of ge rmina t ion  and seedling 
he ight  p rov ided  vary ing  degrees of significant  ( p )  0.01) 
s t imu la to ry  responses  and  g rowth  reduct ions .  I n t e rp re t a -  
t ions  f rom the  nu t r i t iona l  and morphological  da ta  have  
been made  for developing a m u t a t i o n  breeding p rogramme.  

Zusammen[assung. Nachweis ,  dass es mi t te ls  R6ntgen-  
s t rahlen  bei Cicer arietinum L. cv. Chhola gelingt, giinstige 
Muta t ionen  beziiglich Aminospuren  und  Pro te inen  
herzustel len.  
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T h e  Effect  of  S t a r v a t i o n  on  the  C h e m i c a l  C o m p o s i t i o n  of R e d  and  W h i t e  M u s c l e s  in  the  
P l a i c e  (Pleuronectes platessa) 

Recen t  studies1, ~ have  shown t h a t  red and whi te  
muscles  r e spond  d i f ferent ly  to  pro longed s ta rva t ion .  In  
t h e  p re sen t  s t u d y  on the  plaice (Pleueonectes ptafessa) t he  
levels of nucleic acids have  been  inves t iga ted  in the  red 
and  whi te  m y o t o m a l  muscles dur ing  s ta rva t ion .  The 

previous  inves t iga t ions  ~ concerning water ,  glycogen and 
pro te in  co n t en t  of the  two muscles have  also been  ex tend-  
ed to  fish s t a rv ing  for up to  30 weeks. 

Materials and methods. The m e t h o d  of cap ture  and 
t r e a t m e n t  of fish has  been descr ibed previous ly  ~. F ish  
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Table I. Changes in the conce~ltration of red and white muscle water, glycogen and protein nitrogen 

893 

Condition Water  (%) Glycogen 'Insoluble' ' Soluble' 
index (mg glycogen/100 g protein nitrogen protein nitrogen 

muscle) (g PN/100 g muscle) (g PN/100 g muscle) 

Red White Red White Red White Red White 
muscle muscIe muscle muscle muscle muscle muscle muscle 

Concentration(0 weeks) 10.50 82.4 _ + 0.50"4 81.7 _ + 0.60"5 635.5 -~ 51.6181.6 -t- 28.21.67 :~ 0.11 2.70 ~z 0.16 

Concentration q- 1.3 95.1 + 1.1 329.7 ~ 37.641.1 • 10.8 0.90 -~ 0.19 0.41 • 0.05 
(30 weeks) 7.67 85.6 _ 1.5 -- 1.7 

% Change --  + + - -  --  --  

Significance (P) -- < 0.05 < 0.001 < 0.001 < 0.001 < 0.001 <0.001 

0.56 :~ 0.06 0.34 ~ 0.04 

0.09 :~ 0.01 0.11 • 0.02 

< 0.001 ~ 0.001 

The values given represent the means and standard errors of 8 determinations. 

we re  k i l l ed  b y  p l u n g i n g  t h e m  i n t o  l i q u i d  n i t r o g e n  
( - - 1 7 0 ~  R e d  m u s c l e  w a s  d i s s e c t e d  w h i l s t  t h e  f i s h  w a s  
s t i l l  f r o z e n  ( - - 2 0 ~  f r o m  b o t h  d o r s a l  a n d  v e n t r a l  s ides .  
W h i t e  m u s c l e  w a s  d i s s e c t e d  f r o m  t h e  e p a x i a l  m u s c u l a t u r e  
a d j a c e n t  to  t h e  d o r s a l  f in .  F r o z e n  ( - - 1 7 0 ~  s a m p l e s  of  
d o r s a l  a n d  v e n t r a l  r e d  m u s c l e  w e r e  f i n e l y  c h o p p e d  a n d  
m i x e d  t o  o b t a i n  a h o m o g e n o u s  s a m p l e .  Q u i c k  f r e e z i n g  
t h e  f i s h  m i n i m i z e s  c h a n g e s  r e s u l t i n g  f r o m  s t r u g g l i n g  o r  
p o s t  m o r t e m  m e t a b o l i s m .  T h e  i n i t i a l  s a m p l e s  w e r e  t a k e n  
3 d a y s  a f t e r  t h e  f i sh  w e r e  c a p t u r e d  a n d  t h e  f i n a l  s a m p l e  
a f t e r  30 w e e k s  of  t o t a l  s t a r v a t i o n .  T h e  SCHMIDT THANN- 
HAUSER p r o c e d u r e  a w a s  a d o p t e d  to  e x t r a c t  R N A  a n d  
D N A  f o l l o w i n g  p u l v e r i z a t i o n  of 100 m g  s a m p l e s  of  t h e  
m u s c l e  b y  a f r eeze  g r i n d i n g  t e c h n i q u e  4. D N A  w a s  a s s a y e d  
b y  a m o d i f i c a t i o n  of  t h e  C e r i o t t i  m e t h o d  5, a n d  R N A  b y  t h e  
o r c i n o l  m e t h o d  6. G l u c o s e  c o n t a m i n a t i o n  in  t h e  R N A  a s s a y  
w a s  c o r r e c t e d  for  b y  r e a d i n g  a t  2 w a v e l e n g t h s .  W a t e r  
c o n t e n t s ,  g l y c o g e n  a n d  n i t r o g e n  c o n c e n t r a t i o n s  of  p r o t e i n  
f r a c t i o n s  w e r e  d e t e r m i n e d  as  d e s c r i b e d  p r e v i o u s l y  ~. T h e  
s i g n i f i c a n c e  b e t w e e n  g r o u p s  of  d a t a  w a s  c a l c u l a t e d  u s i n g  
t h e  s t u d e n t s  t - t e s t .  I n  c a s e s  of  u n e q u a l  v a r i a n c e  b e t w e e n  
s e t s  t h e  B r e h r e n s - F i s c h e r  t e s t  w a s  u t i l i zed~ .  R e s u l t s  for  
w a t e r  c o n t e n t  w h i c h  we re  in  a p e r c e n t a g e  f o r m  w e r e  s u b -  
j e c t  to  a rc  s i ne  t r a n s f o r m a t i o n  b e f o r e  s t a t i s t i c a l  a n a l y s e s .  

Results and discussion. T h e  r e s u l t s  for  c o n d i t i o n  i n d e x  
( w e i g h t / I e n g t h  ~ • 1000), w a t e r  c o n t e n t ,  g l y c o g e n ,  p r o t e i n  
n i t r o g e n  c o n c e n t r a t i o n  a n d  R N A ,  D N A  c o n c e n t r a t i o n s  
a r e  g i v e n  in  T a b l e s  I a n d  I I  r e s p e c t i v e l y ,  T h e  c h a n g e s  in  
t h e  c o n c e n t r a t i o n s  of g l y c o g e n ,  w a t e r  a n d  p r o t e i n s  

' i n s o l u b l e '  a t  l ow ion ic  s t r e n g t h  w e r e  f o u n d  to  be  c o n s i d -  
e r a b l y  m o r e  m a r k e d  in  t h e  w h i t e  t h a n  in  t h e  r e d  .mus c l e  
( T a b l e  I). I n  C o n t r a s t  t h e  ' s o l u b l e '  p r o t e i n  c o m p o n e n t  of  
t h e  r ed  m u s c l e  w a s  f o u n d  to  be  m o r e  r e d u c e d  in  p e r c e n t -  
age  t e r m s  t h a n  in  t h e  w h i t e  m u s c l e .  T h e  c o n c e n t r a t i o n s  of  
R N A  a n d  D N A  in  n o n  s t a r v e d  f i s h  w e r e  f o u n d  t o  b e  
c o n s i d e r a b l y  h i g h e r  in  t h e  r e d  m u s c l e .  E x p r e s s e d  as  w e t  
w e i g h t  of  t i s s u e  t h e  c o n c e n t r a t i o n  of  R N A  a n d  D N A  
were  r e d u c e d  b y  s i m i l a r  e x t e n t s  in  b o t h  m u s c l e s .  W h e n  
e x p r e s s e d  in  t e r m s  of  d r y  w e i g h t  of  t i s s u e  t h e r e  w a s  a n  
i n c r e a s e  in  t h e  c o n c e n t r a t i o n  o f  R N A  a n d  D N A  ill t h e  
w h i t e  m u s c l e  a n d  a d e c r e a s e  in  t h e  r e d  m u s c l e .  T h e s e  
c h a n g e s  m a y  in  p a r t  be  i n f l u e n c e d  b y  c h a n g e s  in  t h e  
g r e a t e r  r a t e  of  p r o t e i n  m o b i l i s a t i o n  ( T a b l e  I) f r o m  t h e  
w h i t e  m u s c l e  a n d  by c h a n g e s  in  w a t e r  c o n t e n t .  T h e  p r e -  
s e n t  r e s u l t s  are ,  h o w e v e r ,  c o n s i s t e n t  w i t h  c h a n g e s  ob-  
s e r v e d  in  r e c e n t  h i s t o l o g i c a l  a n d  u l t r a s t r u c t u r a l  s t u d i e s  o n  
t h e  e f f ec t  of  s t a r v a t i o n  on  t h e  r ed  a n d  w h i t e  m u s c l e s  of  
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Table II. Changes in the concentration of red and white muscle DNA and RNA during starvation 

Wet  weight of tissue ([zg/mg) 
Red muscle White muscie 

Dry weight of tissue (p.g/mg) 
Red muscle White muscle 

DNA RNA DNA RNA DNA RNA DNA RNA 

Concentration 0.58 i 0.01 2.07 ~ 0.13 0.26 ~ 0.02 1.22 • 0.09 3.32 ~ 0.06 11.74 -~= 0.72 1.43 -L 0.13 6.67 -L 0.50 
(0 weeks) 

Concentration 0.30 ~_ 0.02 0.62 • 0.05 0.16 q- 0.01 0.43 -4- 0.06 2.08 • 0.23 4.33 • 0.60 4.76 • 1.21 11.234- 1.93 
(30 weeks) 

% Change . . . .  + + 

Significance < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.05 < 0.05 

The values given represent the means and standard errors of 8 determinations. 
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teleostse,  a. The grea ter  fall in t he  ' insoluble '  p ro te in  
fraction,  which consists  largely of myof ibr i l la r  and con- 
nect ive  t issue proteins ,  in the  whi te  muscle reflects  the  
not iceable  a t r o p h y  of these  fibres dur ing  s tarvat ion2,  s. 
In  con t ras t  to  t he  whi te  muscle l i t t le  degenera t ion  of the  
red muscle  myofibr i ls  was observed  a t  t he  u l t r a s t ruc tu ra l  
level in carp s t a rv ing  for 16 weeks s. The marked  loss of 
low molecular  weight  p ro te ins  and decrease in R N A  con- 
cen t ra t ion  in the  red muscle p robab ly  parallels  the  con- 
s iderable degenera t ion  of mi tochondr i a  in th is  muscle 
dur ing  s t a rva t ion  8. The changes  in R N A  and DNA levels 
found in the  plaice would seem to be corre la ted wi th  the  
observed loss of euchromat in  mate r ia l  f rom the  nuclei  of 

8 S. PATTERSON and G. GOLDSPINK, Z. Zellforsch. 146, 375 (1973). 
9 S. L. BOSTROM and R. G. JOHA~SSON, Comp. Bioehem. Physiol. 

d2B, 533 (1972). 
i0 This work was supported by a grant from the Natural Environ- 

mental Research Council to Dr. G. GOLDSPINK: one of the authors 
(IAJ) was also in receipt of an S.R.C. research studentship. 

u Present address: Clinical Research Centre, Watford Road, 
Harrow, Middlesex, HA1 3U J, England. 

t2 Present address: Research Unit for Comparative Animal Respira- 
tion, University of Bristol, Woodland Road, Bristol BS8 lUG, 
England. 

b o t h  red and whi te  f ibres of the  carpS, bu t  whe the r  this  
alone could account  for t he  reduct ions  is uncer ta in .  

The p resen t  s tudy  indica tes  t h a t  the  whi te  muscle  
contrac t i le  p ro te ins  are preferent ia l ly  uti l ized by  the  fish 
dur ing  s ta rva t ion .  There  would, therefore,  appear  to  be a 
different ia l  response  by  the  two  pr inciple  muscle t ypes  of 
te leosts  to inanit ion.  I t  seems possible t h a t  severe changes  
in the  nu t r i t iona l  s ta te  of a fish migh t  influence the  divi- 
sion of labour  be tween  the  m y o t o m a l  muscles.  Such 
t empora l  changes  are a l ready t h o u g h t  to occur w i th  
respec t  to seasonal  changes  and migra t ions  9, ~0. 

Zusammen[assung. Die Wi rkung  von exper imente l l em 
Hunger  auf  rote  und  weisse Muskeln der  Scholle, Pleu- 
ronectes platessa, wurde  un te rsuch t .  In  ro ten  wie in wets- 
Sell Muskeln wurde  eine s ta rke  Ve rminde rung  yon Pro-  
te in  und  Glycogen gefunden,  w~ihrend der RNS-  und 
DNS-Geha l t  in be iden  Muskeln he rabgese tz t  war. 

S. PATTERSON 11, ]~. A. JOHNSTON 12 and 
G. GOLDSPINK 

Muscle Research Laboratory, Department of Zoology, 
University o /Hu l l ,  
Hul l  (Yorkshire, England), 
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Free  A m i n o  A c i d s  of Hevea brasi l iensis  Latex  

Very l i t t le  in fo rma t ion  is avai lable  on the  free amino  
acids of Hevea latex.  Fo rmer  inves t iga t ions l -a  showed a 
ve ry  l imi ted  n u m b e r  of these  compounds  p resen t  in 
latex.  In  the  more  recent  works of SOEI ~ and of D'AtJzAc 
and  PUJARNISCLE G7, th i s  n u m b e r  has been ex t end ed  to 
include mos t  of t he  classic amino acids. However ,  the  
eva lua t ion  of the  respect ive  quant i t i es  of each comp o u n d  
was based on paper  c h r o m a t o g r a p h y  and could therefore  
only be considered as approx imat ive .  The only quan t i t a -  
t ive  resul ts  were those  concerning the  to ta l  amino  acid 
con t en t  of l a tex  7,s and  the  sum of aspar t ic  and g lu tamic  
acids 7. In  the  p resen t  work, the  amino  acid compos i t ion  
of bo th  cy toplasmic  and  lutoidic  serums were inves t iga ted .  

Materials and methods. Two ba tches  of t rees of clone 
P R  107 were chosen on exper imen ta l  plots  of the  I R.C.A. 
( Ins t i tu t  de Recherches  sur le Caoutchouc en Afrique),  in 
Bimbresso,  Ivo ry  Coast. The t rees  were t apped ,  on full 
spiral, twice a week (d/3, d/4). The la tex  was allowed to 
run  for 1 rain in order  to  e l iminate  t he  f rac t ion conta in ing  
the  organelles which  had  suffered f rom the  t r auma t i c  
effects of t apping .  A 35 ml subsequen t  f rac t ion was 
collected in a t ube  immersed  in ice. Ha l f -an-hour  la ter  
t he  la tex  samples  were cent r i fuged for 30 min  at  40,000 
r p m  (SpillCO, ro tor  50 Ti) a t  0~ The tubes  were pierced,  
and  the  clear cy top lasmic  se rum was  wi thdrawn .  The 
upper  pa r t  of t he  t ube  was cut  and  discarded wi th  tile 
rubber .  The pellet  consis t ing main ly  of lutoid par t ic les  
was recovered and resuspended  in wa te r  to  which  e thanol  
was immed ia t e ly  added.  E t h a n o l  was also added  to  t he  
cy top lasmic  se rum to a f inal  concent ra t ion  of 85%. 
After  breaking of t he  lutoides  and p rec ip i t a t ion  of the  
prote ins  of the  2 f ract ions  (lutoidic and cytoplasmic) ,  the  
e thanol  ex t rac t s  were centr i fuged.  All opera t ions  were 
carr ied out  a t  2-4~ 

Free  amino  acids of the  2 f ract ions  were de te rmined  
quan t i t a t i ve ly  w i th  a Technicon Autoana lyzer  using the  
one-column technique  and  an elut ion sys t em composed  of 

3 buffers :  p H  2.875, 3.8 and  5.0 fo rming  a cont inuous  
g rad ien t  g, ~0. The t e m p e r a t u r e  of t h e  co lumn was main-  
t a ined  at  60~ U n d e r  these  condi t ions  the  2 amides  
(glutamine and  asparagine)  and th reon ine  run together .  
As shown by  paper  ch roma tog raphy ,  g lu tamine  and  
th reon ine  are the  ever  p resen t  cons t i tuen t s  of b o t h  
cy toplasmic  and lutoidic  serums of Hevea latex,  whereas  
asparagine  is v i r tua l ly  absent .  In  order  to  evalua te  each 
of these  2 compounds  separately ,  t he  a l iquots  were 
hydro lyzed  in 1 N HC1 a t  40 ~ for 24 h and then  chro-  
ma tographed .  Threonine  was measured  direct ly.  Glu tamine  
eva lua t ion  was based on the  increase of g lu tamic  acid or 
on the  decrease of the  ' t h reon ine '  peak.  

Results and discussion. The de t e rmina t ions  of the  free 
amino  acids h a v e  been carried out  on 16 la tex samples  
coming f rom 12 trees,  t a k e n  dur ing  the  per iod f rom July  
to October  1972. The da t a  in Table I represen t  the  average 
values of these  de te rmina t ions .  

The free amino  acid con ten t  varies,  of course, be tween  
the  samples  t aken  a t  a given m o m e n t  f rom di f ferent  
trees,  as well as the  samples  t aken  f rom the  same t ree  a t  
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