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Abstract—In growing Lathyrus sativus seedlings, the levels of DNA, RNA and protein markedly decreased in 
the cotyledons and progressively increased in the embryo-axis. In cotyledons, spermidine and spermine contents 
were substantially reduced while those of agmatine and putrescine were sharply increased. By contrast the 
embryo-axis progressively accumulated relatively larger amounts of agmatine, homoagmatine, putrescine. cada­
verine, spermidine and spermine in parallel with similar changes in its DNA, RNA and protein content. While 
the cotyledons contained ca 50% of the total agmatine and putrescine present in the plant embryo by day 10, 
the embryo-axis, though representing less than 20% of the dry wt, contained 90 and 75% of total cadaverine 
iand homoagmatine respectively of the seedlings. Spermidine and spermine levels of this tissue were also compara­
tively higher, being of the order of 80 and 50% respectively of the total. The root and shoot portions of the 
embryo-axis also exhibited a similar relationship between changes in DNA, RNA and protein and all the above 
amines during development. However, the polyamine content of the shoots was relatively higher than those of 
the roots during the growth period.

INTRODUCTION

ecent years, increasing  a tte n tio n  has been given 
the possibility th a t the polyam ines sperm idine 

,d spermirle p lay  a  significant role in the struc- 
rc, function an d  b iosynthesis o f  m acrom olecules 

like DNA, RN A  a n d  p ro te in  in a  variety  o f  b io- 
il systems, especially  d u ring  grow th  and  devel- 

^ ^ .® P ^ cn t[ l-4 ]. In  rap id ly  pro liferating  an im al sys- 
like chick em bryo  [5 ] an d  regenerating ra t 

3 ^ ^ r [ 6 ], increased accu m u la tio n  an d  enhanced  
p D ftiv ily  o f anabo lic  enzym es o f polyam ines pre- 

or parallel the changes in R N A  levels. The 
3 g * ^ r v a t io n  th a t sperm ine o r  sperm idine could 
R ™ celera te  RN A  synthesis in chick em bryo [7 ] and  
^  rat prostate [ 8 ]  su p p o rts  the suggestion th a t the 
'*J^lyam ines are involved in nucleic acid m etabo- 
y- "The available, though  lim ited, evidence 
^  ^ m ts  to  an an a lo g o u s re la tionsh ip  betw een these 

^nd m acrom olecu lar m etabolism  in p lan t 
developm ent. T hus, in higher plants, 

p ro m o te  p ro te in  synthesis in vitro and  
^^sides serving as a  g row th  factor for cer- 

^  ^  plant cells in cu ltu re  [9 -1 1 ]. F u rther, Bagni

pHVlO 14

[12] has show n th a t  du rin g  the g row th  o f  Pha- 
seolus vulgaris seedlings, sperm idine and  sperm ine 
decrease in co ty ledons an d  sim ultaneously  in­
crease in shoo ts  in assoc ia tion  w ith  sim ilar a lte r­
a tio n s  in the levels o f  R N A  an d  protein .

W e have earlier rep o rted  [13,14] th a t du ring  de­
velopm ent o f  L . sativus  seedlings, substan tia l 
a m o u n ts  o f  the g uan id ino  am ines agm atine and  
hom oagm atine, the d iam ines pu trescine and  c ad a ­
verine, a n d  the po lyam ines sperm idine and  sper­
m ine progressively accum ulate . M o re  recently, we 
have dem o n stra ted  [15 ] th a t agm atine  an d  putres- 
cine, o n  the one hand , a n d  hom oagm atine  and  
cadaverine o n  the o ther, a re  connected  by precur- 
so r-p ro d u ct re la tionsh ip s in th is p lan t system. O f 
p a rticu la r in terest w as the para lle l accum ulation  
o f large am o u n ts  o f  cadaverine an d  putrescine d u r­
ing g row th  o f  the seedling a n d  th is  raised  the ques­
tion  o f physiological significance o f  cadaverine in 
th is p lan t. In  th is paper, we have investigated the 
d istrib u tio n  an d  the changes in the levels o f all the 
am ines in different p a r ts  o f  the  p lan t em bryo  d u r­
ing developm ent w ith  a  view to  corre la te  the same
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w ith the co n co m itan t changes in the con ten ts  o f 
D N A . R N A  a n d  pro te in .

RESULTS AND DlSCLiSSEON

T he d a ta  p resen ted  w ere o b ta in ed  w ith  e tio la ted  
L . sativus seedlings g row ing  in the absence o f exo­
genous n u trien ts  a n d  thus rep resen t changes solely 
a t the expense o f n u trien t reserves o f  the seed 
stored  du ring  em bryogenesis. T he changes in 
D N A , R NA a n d  p ro te in  co n ten ts  in  the w hole seed­
lings an d  their d istr ib u tio n  p a tte rn s  in  isolated 
p a rts  o f  p lan t em bryo  a t  various stages o f  develop­
m ent du ring  a n  a rb itra ry  p e riod  o f  10 days are 
show n in Fig. 1. In w hole seedlings ( la )  the p ro te in  
con ten t progressively d im inished  u p  to  day  7 an d  
a tta ined  a steady  state  thereafter, co rrespond ing  to  
ca 55% o f the initial value. T he levels o f D N A  an d  
RN A  also  m arked ly  declined, b u t the steep f a l l . 
was followed by a  significant increase, particu larly  
o f RN A , d u ring  la te r stages. By day  10, the net 
reduction  in D N A  a n d  R N A  con ten ts  co rres­
ponded  to  ca 40 an d  6%  respectively o f  the initial 
values. D uring  th is p e riod  there  w as a ne t decrease 
in dry  w t o f  the seedlings by  ca 20%  as expected, 
due to  the m etabo lic  ac tiv ity  o f  the  em bryo.

F igure lb  show s th a t  the changes tak ing  place 
in the co ty ledons a cco u n t for the  d im inu tion  in the 
m acrom olecular con ten ts  in the w hole seedling. 
This is to  be expected from  the fact th a t th is tissue 
accounts for m ore th an  75% o f  the em bryo  in

term s o f fr. wt, d ry  w t a n d  p ro te in  nitrogen e v e n j 
a t  the end  o f the lO-day period . T h u s the sleep 
in the p ro te in  co n ten t o f  co ty ledons throughouijf 
the grow th  period  (by ca 62% by day  10), prcsum<^ 
ably  due to  intense p ro teo ly tic  deg rada tion  of glo,’̂  
bu lins stored  in th is tissue [16], is in agreementv: 
w ith  the observa tion  o f  Bagni w ith  P. v u lg a r is l l l l :  
M oreover, a  sharp  decrease (by 55%) o f DNA con 
ten t up  to  day 3 reaching a  steady  state  thereafteri 
cou ld  p robab ly  be a ttr ib u ted  to  the lack of cell, 
division in co ty ledons [17]. Again, R N A  changes; 
in th is p o rtio n  o f the em bryo  reflected the corre 
sponding  p a tte rn  observed  w ith  the w hole seed? 
lings (Fig. la). T hus, it is clear th a t R N A  conten' 
w as reduced  up to  day  5 (by ca 55%) and  the 
show ed an  upw ard  trend , indicative o f  synthesis i)f| 
RN A  a t la ter stages o f  developm ent. However/j 
even on  day  10 there  w as a  ne t decrease o f RNA 
(by 30%) com pared  to  th a t  a t  the beginning of the

• experim ent, in  ag reem en t w ith  earlier observation 
w ith several o th e r  h igher p lan t system s [12,17-19], 
T he only  d iscrepancy betw een the present da 
a n d  those o f Bagni w ith  ligh t-grow n P. vulgaris i 
th a t a  co n tinuous decrease in R N A  content o; 
co ty ledons o f P. vulgaris w ith  enhancem ent o: 
g row th  has been n o ted  [  12]. O n  the contrary , the 
is now  substan tia l evidence to  show  th a t cotylj 
do n s o r endosperm  a re  capab le  o f  R N A  synt 
sis [20 ,21]. In  fact, a  m ore recen t study  w ith P. 
garis germ inated  in a  n u trie n t m edium  reveal

Fig, !. Quantitative changes in protein, RNA and DNA contents of Latliyriis satiivs seedlings with growth. Unit 
represents a whole seedling in (a), a pair of cotyledons in (b) and an embryo-axis in (c). Data represent mean 

value of 6 independent determinations and s.e. was less than 6% of the values indicated.



Fig. 2. Changes in the concentrations of agmatine, putrescine, spermidine and spermine in L. sativus seedlings
with growth. For details see the legend to Fig. 1.

i t  during grow th, a  n e t accum ula tion  o f  R N A  oc- 
rred in the co ty ledons [21]. C on d itio n s  o f ger- 
ination an d  seedling g ro w th  such  as the presence 
light, n itra te  a n d  sugar in the  g row th  m edium  
bid influence m acrom olecu lar m etabolism  in 
tyledons, as show n by studies w ith rad ish  [20]. 

nother conceivable ex p lan a tio n  for the apparen t 
(Terence in R N A  changes betw een co ty ledons of 

X.Sflfiwtsand those o f  P . vulgaris, a p a r t  from  the in­
fluence o f  light, m ay  lie in  the  fact th a t L. sativus 

gw dlings undergo  hypogeal grow th, w hereas P. 
§tnt}garis undergo  ep igeal grow th. In  con trast, there 
p w u r re d  a  large a n d  progressive increase in the 
?kvcls of D N A  ( X 6), R N A  ( x 6) an d  p ro te in  ( x  5) 
 ̂|n theem bryo -ax is(F ig . Ic) th ro u g h o u t the grow th 

W rio d  as expected o f  a  tissue undergo ing  intense 
|OeIl-division. T he d ry  w t a lso  w as enhanced  in par- 
;*«el during th is tim e from  I -0 m g/axis o n  day  1 to 
f. mg/axis o n  day  10, b u t represen ted  only  20%

the seedlings, even o n  day  10.
■ > The data  p e rta in in g  to  the varia tions o f  am ine 
^ v e ls  during seedling g row th  reveal b o th  the qua- 
I  tative and  q u an tita tiv e  changes in the p a tte rn  of 

^ ‘stribu tion  am o n g  different p a rts  o f  the 
^nibryo (Figs. 2 a n d  3). T he  am ines w hich are 

by p rec u rso r-p ro d u c t rela tionsh ip  [15] 
^Wh'^i exam ined  in separa te  groups. In the 

^ seedlings agm atine  a n d  putrescine con- 
i*ose d ram atica lly  w ith  g row th  reach- 

fold h- levels w hich were ca 100 an d  200-
^ i g h e r  t h n n  t h p  i n i t 14/

ever, the co rrespond ing  changes in polyam ines fol­
low ed a different p a tte rn . T h o u g h  there w as a sig­
nificant net enhancem en t in the con ten ts  o f sper­
m idine a n d  sperm ine by  day  10, increases were 
m arginal, being o f  the  o rd er o f  25 an d  70% o f  the 
in itial values respectively. F u rthe rm ore , b o th  the 
com pounds after a  significant in itial steep increase 
underw en t g rad u a l d im in u tio n  du ring  the later 
stages o f  em b ry o  developm ent, in  agreem ent w ith 
p rev ious ob se rv a tio n  [12]. T he changes o f  am ine 
levels in the co ty ledon  tissue (Fig. 2b), were sim ilar 
to  the changes occu rring  the the w hole seedling for 
agm atine a n d  putrescine. C oncurren tly , there was 
a  progressive rise in agm atine  co n ten t th ro u g h o u t 
the g row th  period , w hile the putrescine level in­
creased steeply up  to  day  3 an d  a tta in ed  a steady 
state  thereafter. By day  10, agm atine  a n d  p u tre s­
cine con ten ts  w ere increased  by 50 and  100-foId re ­
spectively over the values o f  ungerm inated  stage 
accoun ting  for nearly  50%  o f  those accum ulating  
in the w hole seedlings (Fig. 2a). T he significance o f 
th is enhanced  e lab o ra tio n  o f  agm atine  a n d  pu tres­
cine in co ty ledons, desp ite  its be ing  prim arily  a 
s to rage  tissue, is unclear. Besides serving in the 
developm ental p rocesses o f em bryo-axis th rough  
tran sloca tion  m echanism s, it is conceivable that 
the  am ines serve an  im p o rta n t function in cotyle­
d o n s them selves. O u r  earlier stud ies have shbw n 
th a t  de novo synthesis o f  po lyam ines can be 
dem o n stra ted  in th is em bryon ic  tissue [  15]. M ore-
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Fig. 3. Variations in the amounts of homoagmatine and cadaverine of L. sativus seedlings with growth. Data 
for homoagmatjne was taken from ref. 13. For details see the legend to Fig. I.

in co ty ledons o f  legum es an d  endosperm  o f  cereals 
d u ring  g e rm ination  an d  g row th  [20,21] a n d  the 
d a ta  p resen ted  in Fig. lb  are  suggestive o f  such  
synthesis in L. sativus co ty ledons a t  la ter stages o f 
developm ent. I t  has now  been estab lished  th a t 
pu trescine in particu la r, m ay have an  im p o rtan t 
ro le  in the m ain tenance  o f in tracellu lar p H  such as 
in extrem e K"*" deficiency [22]. It is therefore 
tem pting  to  speculate th a t the large-scale degrada- 

. tion  o f m acrom olecules (especially R N A  an d  
D N A ) in co ty ledons m ight cause an  im balance in 
in trace llu la r  H'*' C oncentration an d  the concom i­
ta n t putrescine accum ula tion  m ay be a  com pensa­

to r y  m echanism . A different type o f polyam ine 
change in co ty ledons w as ev ident d u ring  this 
period  in th a t  b o th  sperm idine a n d  sperm ine levels 
(after a  lag o f  2 days) decreased  steeply a t  first an d  
g radually  thereafter a tta in e d  values w hich co rres­
ponded  to  20 a n d  40%  (resp.) o f  the initial values. 
Q ualita tive ly  sim ilar profiles have been observed

• w ith P. v u lg a r is l i l]  for the polyam ine changes 
during  seedling developm ent.

T he co n cu rren t a lte ra tio n s  in am ine levels in the 
em bryo-axis exh ib ited  an  en tirely  different p a tte rn  

^(Fig. 2c) consisten t w ith  enhanced  e lab o ra tio n  o f 
^all the three m acrom olecules exam ined (Fig. Ic) as 

expected o f a  rap id ly  grow ing system . T h u s agm a- 
tine, putrescine, sperm idine a n d  sperm ine all in ­
creased con tinuously  a n d  a t day  10, their levels 
representing  54, 76, 4  an d  12-fold increase respect­
ively over those o n  day  I. These d a ta  su p p o rt the

hypothesis th a t a n  in tim ate  re la tionsh ip  exi 
betw een these am ine levels a n d  the macrdmole’( 
lar m etabolism  in  th is p lan t system  also. i 

In Fig. 3 are  p resen ted  d a ta  w hich reveal a  qu  ̂
titatively  different p a tte rn  o f  d istrib u tio n  of ca( 
verine betw een the two p a rts  o f  the seedlings di 
ing the grow th. T he  changes in  homoagmati 
con ten t (data  from  [13]) is a lso  included for co: 
parison . T he observa tion  th a t  in the whole s« 
lings (Fig. 3a) the co n ten ts  o f  b o th  the ami( 
were m arked ly  increased d u ring  seedling gro)j 
by ca 19 an d  220-fold respectively is in agreemj 
w ith ou r earlier find ings[13 ,14 ]. W hile the ma^ 
tude o f  increase in the level o f  cadaverine- \v 
sim ilar to  th a t o f  putrescine, agm atine  conten t^  
nearly  double th a t o f  hom oagm atine  o n  day.j 
How ever, the co n trib u tio n  o f  co ty ledons in tefj 
o f  to ta l con ten ts  o f  h o m oagm atine  a n d  cadavefj 
in the w hole em bryo  (Fig. 3b), w as relatively sn 
being  of the o rder o f 10 a n d  25% respectivel; 
p a tte rn  different from  th a t o b ta in ed  in the caS 
agm atine an d  putrescine (bo th  ca  50%). An an 
sis o f the co rrespond ing  d a ta  for the embryo-S 
show ed th a t in th is tissue, the levels o f both tr 
am ines w as greatly  increased d u ring  developn 
(cadaverine x 140-fold; hom oagm atine  x 40- 
accounting  for ca 90 an d  75%  o f  to ta l conten 
the respective am ines in in tac t em bryo. The sigj 
cance o f  this q u an tita tiv e  difference in the distr 
tion o f agm atine a n d  pu trescine on  the one hi 
hom oagm atine  a n d  cadaverine o n  the o
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Pable 1 DNA and amine contents in shoot and root during growth of L. saiivus seedlings

D- Amounts/unit*

Day 3 Day ,5 Day? Day 10
s R S R S R S R

2-40 2-50 4-50 3-20 7-90 4-20 12-60 500
0-25 0-29 0-33 0-41 0-43 0-56 0-64 0-97

29-10 2810 34-20 37-40 40-10 40-50 66-40 67-50
2-80 2-70 4-30 4-70 900 600 12-60 7-90

52-50 4110 7310 64-50 93-60 77-60 126-80 101-70
64-00 69-70 119-40 lOMO 147-10 112-30 204-00 95-80
15-30 4-40 14-80 6-60 12-40 10-00 14-40 8-70
8-40 trace 10-30 trace 13-70 trace 21-80 2-10

32-60 32-50 62-90 38-80 71-40 66-00 79-50 53-60
7800 6930 132-60 85-50 204-40 104-60 274-40 98-50

^ (m g )
i^ (tn g )

(fig)
i&ig)
litioe (nmol) 
i ^ n e  (nmol) 

lidinc(nmol) 
line (nmol)

_  igmatine (nmol) 
iiverine (nmol)

•^nlt is one shoot (S) or one root (R). Values represented are mean values of six independent experiments. S.e. is less than 
jOay refers lo the age of the seedling.

/ecn the two tissues o f  the grow ing p lan t 
?ryo is no t clear.

fn View o f the a lm ost parallel enhancem en t in 
ontents of the tw o g ro u p s of a lipha tic  am ines 

IthSimilar increases in  th e  m acrom olecular con- 
ils o f the em bryo-axis, it  w as o f in terest to  
lend these investigations to  the two p a rts  o f  this 
5UC, viz shoo t a n d  ro o t w ith  differential g row th  

i tc  during the seedling developm ent. The seed- 
[S were harvested  o n  3, 5, 7 an d  10 days and  

1C distribution an d  con ten ts  o f  the above am ines 
nd.corresponding levels o f D N A , R N A  an d  pro- 

^  :m in  ro o ts  a n d  shoo ts  w ere exam ined. T he 
^tCSulls ob tained  a re  sum m arized  in T ab le  1. O n  
: 3, bo th  p a rts  o f  the em bryo-axis a tta ined
;.^lmost equal grow th  as  reflected in dry  w t and  
.i^lhcir contents o f  D N A , R N A  and  protein . The 
i^.only significant qua lita tive  difference betw een the 
:JW’o parts was in term s o f  their polyam ine contents, 
■ ^  the reason for th is is n o t clear. As developm ent 
i^ g re s sc d , the d ry  wt, D N A  an d  RN A  con ten ts  of 

root also increased  in parallel by ca 2 -fold
■ concom itan t increases in agm atine an d  sper- 
,?udinc were o f  sim ilar o rd er o f  m agnitude. T he in- 
^cnients in the levels o f  d iam ines an d  hom oagm a- 

^ 1 '5 )  w ere less. Sperm ine appeared  in 
q u a n tity  in this tissue only a ro u n d  day 

. ^ u r in g  this period , the epicotyl grew  faster, in 
fold increased 5-fold, D N A  level by 3-

a n d  p ro te in  con ten ts  increased ca 
^  ■ C orresponding  net increases in the levels of 

^'■''lines w ere; sperm ine ( x 2-5), pu tres- 
®^d cadaverine ( >c 3). and  hom oagm atinc and

agm atine  ( X 2*5). O n ly  sperm idine rem ained m ore 
o r less c o n stan t du ring  this tim e, presum ably  due 
to  its enhanced  co n tinuous conversion  to  sperm ine 
w hich increased significantly during  this time. 
T h u s  it is clear th a t  in  general, there  is substantial 
para lle lism  betw een the levels o f  these am ines and  
the m acrom olecu lar con ten ts  even o f different 
p a rts  o f  the developing en^bryo, in com plete agree­
m ent w ith  observa tions m ade w ith  a variety 
o f  b io logical system s [4].

A significant feature o f  the p resen t investigation 
is the in trigu ing  observa tion  th a t a  close re la tion ­
ship  exists betw een the  site a n d  m agnitude of cad a­
verine accu m u la tio n  a n d  the  con ten ts  of nucleic 
acids a n d  p ro te in  in  the rap id ly  grow ing po rtion  of 
the p lan t em bryo. T h is suggests th a t this diam ine, 
like pu trescine an d  polyam ines, m ight fulfil some 
im p o rta n t function  in  the vital processes con ­
cerned  w ith  the  p lan t em bryo  developm ent. The 
fact th a t even w ith in  the grow ing  tissue this d ia­
m ine is d is tribu ted  in different p a rts  and  its levels 
a lte red  in associa tion  w ith  those o f im p o rtan t m ac­
rom olecules like D N A , R N A  a n d  p ro te in  re in ­
forces th is  postu la te . W hile the in vivo function of 
cadaverine in the m acrom olecu lar m etabolism  is 
still unknow n, this am ine has been show n to effec­
tively substitu te  for pu trescine a n d  polyam ines in 
increasing m elting tem pera tu re  o f  D N A , in s tab i­
lizing u rea-dam aged  bacte riophage  T 5 and  in sti­
m ula ting  poly-U  d irected  poly-phenylalan ine syn­
thesis in a  cell-free p ro te in  synthesizing system  [4]. 
F u rth e rm o re , cadaverine  o r pu tresc ine  fed to  cars, 
o f  w heat have been  show n to increase nucleic acid



con ten ts  of seeds an d  enhance  subsequen t grow th 
rate  o f resu ltan t seedlings [23 ]. W hile in develop­
ing chick em bryo, an  increase in the levels o f cada- 
verjne a long  w ith  those o f  p iitrescine and  the 
polyam ines d u ring  g row th  has been noticed ear- 
fier [24], to  the best o f  o u r know ledge L. safii;i/s 
appears to  be the first h igher p lan t system  in which 
cadaverine accum ula tion  has been show n to  be 
closely linked to  m acrom olecu lar con ten ts  of a 
rapidly  pro liferating  tissue, du ring  em bryonic  de­
velopm ent a n d  grow th.

EXPERIMENTAL

Material.s. Lalhynis sativiis seeds were procured from the 
Want Breeding Section of Indian AgriculluTal Research Insti­
tute. New Delhi. Putrescine. 2HC1, spermidine. 3HC1, agmatine 
SO4, calf thymus DNA. yeast RNA and crystalline bovine 
serum albumin were purchased from Sigma. St. Louis, Mo. 
U.S.A. Cadaverine. 2HCI and spermine. 4HC1 were obtained 
from California Foundalion for Biochemical Research. Los 
Angeles. Ion exchange resins were from Bio-Rad Laboratories. 
AU the amines were purified by chromatography on ion 
exchange resins and crystallized prior to use. RNA and DNA 
were also purified before use..

Gerimnatioi^ml growth ofL.  sativus seeds. Healthy seeds of 
, uniform, size were germinated after surface sterilization with 

0-5 M NaOCl and the seedlings were grown in dark on moist 
filter papers in sterile Petri-dishes under aseptic conditions in 
an incubator at 25-28° as described earlier [13]. The cotyledons 
were excised by a cut at the point of attachment of the embryo- 

%xis to the tissue and the shoots and roots were separated from 
the embryo-axis by cutting at the joint of their attachment in 

•the axis. 10-15 Whole seedlings or isolated parts were harvested 
at specified periods of growth, and used for dry wt and chemical 
determinations of the macromolecules and the amines.

Acid soluble fraction was prepared according to the method 
in ref. 13. Briefly, L. sativus seeds or seedlings were homo- 
genized with 3 vol. of cold 04 M HCIO*. cooled overnight at 
0-2® centrifuged at 4° and the residue was washed x 2 with 1 
vol. of cold 0-4 M HCIO4. The HCIO* ppts were used for the 
estimation of DNA, RNA and protein. The acid extracts were 
pooled and adjusted to pH 8 with 40% K.OH. The precipitated 
KCIO4 was removed by centrifugation. The clear extract repre­
sented acid soluble fraction.

£sfi»nflrioJ? of proteins. The HCIO4 ppt. was heated with 10 ml 
of 0-4 M HCIO4 at 90° for 20 min to degrade the nucleic acids, 
the residue was wa.shcd by centrifugation x2  with 5 ml of 
HCIO4 at 4“. The sediment was then extracted with 5 ml of M 
NaOH by warming at 90° and centrifuged. Tjie insoluble resi­
due was again extracted as before with 3 ml of 1 M NaOH. The 
supernatants were pooled, neutralized to pH 7 with HCl and 
made up to 50 ml. An aliquot was analyzed for protein by the 
method of Lowry et a/. [25] using bovine serum albumin as 
standard.

Nucleic acids were estimated by the procedure of ref, 26. The 
HCIO4 ppt. was washed by centrifugation at room temp, x 2 
with each (4 ml) of the following; Cold EtOH saturated with 
NaOAc, E1OH-CHCI3 (3:1), EtOH-EtiO (3:1) and EtjO. to 
remove lipids. The dry residue was then treated with 6 ml of 
0-3 N KOH at 37° for 16-17 hr to degrade RNA, then acidified

with HCIO4 (1 M) to a final concentration of 0-4 M, coolc(j 
overnight and centrifuged. The residue was then washed by cenJ 
trifugation twice with 2 ml aliquots of cold 0-4 M HCIO4. 
supernatants combined and made up to a known vol. and A, - 
was measured. Purified yeast RNA taken through the san  ̂
procedure, served as the standard. Polypeptide contaminanii 
contributing to A260 in the RNA extract of the seedlings 
measured by the procedure of Lowry et al. [25] and suitaby 
correction for this was made in calculating the RNA contcM 
of the plant embryo. ^

For estimating DNA. the residue after alkali digestion anji 
washing with HCIO4. was heated with 6 ml of 0 4 M HClO^aj j 
90° for 15 min to degrade DNA and centrifuged. DNA contend 
was calculated by estimating P content of an aliquot of thê  
above extract by the procedure of ref. 27. Calf thymus DN, 
taken through the above procedure was used as the standar 

Quantitative estimation o f the amines. From the acid-solui 
fraction the amines were isolated and quantitated by the pr, 
cedure described in ref. 28.
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