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   Changcs in weight,  prvtein, RNA,  DNA  and  i'i boriucleasc/ actix,ity  during  maturation

of  the  pcanut  seed  have been  studied.  The  investigation period began  with  fruits har-
i'ested  four weeks  after  the pegs turned  at  right  angles  in the soil  and  continued  through

thc  fourteenrh week.  Frcsh weights  of' both cotyledons  and  embryonic  axes  increased
rapidly  during early  maturat{on  (8 weeks)  and  continued  in the cotyledons  through

12 weeks.  The  watcr  content  ut  inaturity  was  still  adequate  for enzymatic  precesscs
at  4:50/. and  39%,  respectiveiy,  l'or embryonic  axes  a]d  cotyledons.  The  ]evels o{' DNA
and  RNA  also  increased rapidly  during early  maturatlon  of  both cotyledons  ancl

embryonic  axes,  DNA  co-tent  decreased during the  remainder  of  maturation  while

RNA  decreased fi'om 8 to 11 wccks  in the cetyledons  and  then  incrcased during the

after-ripening  period to  a  vaEue  near  its previous  maxirnum  at  8 weeks,  RNA  levels
in the  embryonic  axes  underwcnt  a  gradual increase throughout  maturation.  

'1"he

larg'e decrcase iH cotyledonary  RI){A  during  weeks  a throug'h  11 ueuld  be related  te

increased RNase  activity  cluring the  period.

   Peanut seeds  have  been sub.iected  to  innumerable  studies  during germination.
}Iowever, there are  only  a  few r ¢ ports dealing with  the  maturative  cvents  which

prepare peanuts for this hetcrotrophic period of  growth, Morphelogica] changes

and  embryonic  development  in the  maturing  peanut sced  have been  described
by Smith (J-3), and  Brennan  (4), but there  are  only  a  few studies  of  the biochemi-
cai  basis for thesc  changes  (5-9)'.
   The  biochemical aspects  of  seed  maturation  have  been  investigated previously
in several  p]ant species  including grasses CIO-le), peas (14), beans (15-18), and  oil

plants (19 2i). The  stud}r  of  peanut  seed  maturation  oflbrs  a  contrast  to some

aerially  borne seeds' (22) since  the  former develop withjn  subterranean  fruits and

dehydration does not  become critical  unti}  after  the  mature  fruits are  harvested.
We  report  here on  some  of  the changes  which  occur  during peanut  seed  develop-
ment.
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Materials and  methods

    Peanuts (Arachis h-)pogaea L. var  NC-2) were  grown in fie]d p]ots and  matura-

tive stages  ol' thc  fruits determined by a  sampling  method  based on  the  order  of

reproductive  and  vegetative  branching  of  the  plant (23), With  this technique,

fruits were  picked weekly  f}rom the  second  internode of  the first lateral reproduc-

tive branch, The  sampling  period was  from  the  4th week  after  the pegs had
turned  at  right  angles  in the seil  through  the 14th week.  Although peanut  seeds

are  considercd  matur ¢  at  about  the  12th week  (9), later samples  were  taken  to

ascertai'n  any  initial after-ripening  efft]cts.

    Harvested fruits were  transported  to the laboratory in ice buckets before
dissecting embryonic  axes  firom the cotyledons.  [I]hree to five replications  were

conducted  on  lots of  25 axes  and  25 cotyledon  pairs at  ¢ ach  sampling  period,
Coty]edons frorn weeks  4 and  5 and  all axes  were  ground  in a  chilled  mortar  and

pcstle; cotyledons  from  iater stages  were  homogenized  for 3-5 min  at  fu!1 speed
in an  icejacketed Sorvall Omnimixer3.

    Fresh weights  were  determlned immediately after  separation  of  the  ernbryonic

axes  firom the c.otyledons  while  dry, weights  N･vere obtained  after  clesiccat.ing the

plant material  at  1370C  for 24hr,  
'rhc

 diflbrence, water  content,  was  exprfrssed

as  the  percentage of  fresh weight.

    Nucleic acid  content  was  determined bv the  method  of  Smilie and  Krotkov                                       i

C24) as  rriodified  by Nitsan and  Lang  (25). Homogenization  el'  the  cotyledon

pairs and  embryonic  axes  was  carried  out  in O,5 M  NaCl  containing  O.I M  EDrTA,

pH  8.0; the homogenates were  filtered through  cheesecloth  and  glass wool.  After
extraction,  ribonuc]eic  acid  (RNA) was  estimated  from  supernatants  as  phosphorus
<26) and  deoxyribonucleic acid  (DNA) was  deterrnined by the  diphenylaminc
reaction  (27).
    For the determination of  ribonuclease  activities  (28), 25 axes  or  cotyledon

pairs were  homogenized  in O,OI M  Tris containing  O.06 M  KCI  and  O,Ol M  MgC12,
bufllered at  pH  6,7. After 30 min  jn ice, the  homo.ffenates were  centrifuged  at

12,OOO× .G  for 1i min  in the  cold  before decaming  the  result'ing  supernatants  through

cheesecloth  and  glass wool,  These filtrates served  as  crude  enzyme  preparations.

    For protein determinations, tissues MJere  homogenized  in O.Ol M  Tris buflbred
at  pH  6,7. After filtering the resulting  brei through  cheesecloth  lined with  giass
wool,  the homogenates were  centrifuged  at  3,OOOxg  for IOmin,  Lipids, which

largely cellected  as  a  semi-solid  layer at  the  top of  the centrifuge  tubes, were  skimmed

off  wit'h  a  spatula.  In order  to remove  furLhei' lipid material,  supernatants  werc

refiltered  through  cheesec]oth  and  glass wool.  Aliquots of  1.0ml  were  removed

and  precipitated with  equal  voluines  of  10%  trichloroacetic acid  (TCA>. After
cellection  by centrifugation,  the pellets were  washed  twice  with  le%  TCA  followed
by resuspension  in 0.1 N  NaOH.  Duplicate aliquetes  were  then  assayed  for protein
(29),
    

'rhe

 protein synthesizing  ca}')acitics  of  thc secd  parts were  estimated  by follow-
ing the incorporation ofi4C-leucine.  Axes  and  cotyledon  pairs in lots ot' 25 were

surface-sterilized  with  Chlorox  (l : 4)', washed  several  times  with  distiilecl watei'

3
 Mention  of  spceific  trade iiames  is made  tbr identification enly  and  dees not  imply cndorsemcnt  by

 the U.  S. Governrnent over  similar  preduets.
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and  incubated in l.O mM  citric  acid,  pH  3.5 containing  IO ptCli of  unifbrmly  labeled
14C'-L-

     leucine (Xiolk-180mCi,irninole) for 3 hr at  room  temperature.  Cotyledons,
at  and  after  7 weeks  of  age,  were  sliced  into l-3 mm  thick pieceg befbre surface
sterilization  in order  to facilitate isotope penetration. After incubation, 'rCA

extracts  were  obtained  according  to procedure described by Marcus et  al. (SO).

                        Results  and  discussion

    The  chemical  events  deseribed in this report  began  with  seeds  harvested
4
 weeks  after  the pegs turnod  at  right  angles  in the  soil. At this time  the  endocarp

was  still       fleshy, the  liquid endosperm  liad largely been absorbed,  and  the  seed  con-
sis{ed  mainly  of  small  succulent  cotvledons.                                '

    Fresh weights  ofboth  cotyledons  (Fig'. I) ancl  embryonic  axes  <Fig. 2) increased
rapidly  during early devciopmcnt; in t'he cotyledens,  this  increase was  sustained
until

 the  12th week  and  was  duc in large part to  cerresponding  increments in
dry weight  (Fig. 1), In the  axes,  the ma.ior  increase occurred  by weck  6 (Fig. 2).

    Water content  (Fig. 3) dropped  from 87 to 4591,' and  from 80 to 39%  in the

axes  and  cotyledons,  respectively.  Even at  maturity,  the  cotyledons  and  axcs  were
hardly desiccated, and  indeed enzymatic  processes continue  during curing  ofharvest-
ed

 peanuts until  the  moisture  percentage becomes critical  (31), Dehydration  ap-

parently does not  become significant  until  after  curing  is initiated. In this respcct,
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peanuis diflbr from  maize  (13), suiulower,  dill, poppy  (2-P), and  (]astor  bean  (19)
which  become quite desiccated during the final stages  of  maturation,

    Fig. 4 shows  the  amount  of  DNA  in maturing  peanut  cotyledons  and  axes.

Since the  amount  of  DNA  per cell within  a  given tissue  is nearly  constant  (32),
increases in DNA  centent  can  serve  as  a  approximation  of  cell  number.  During

",eeks  4 through  7, copious  amounts  of  DNA  were  sy, nthesized  in the  cotyledons,

with  DNA  levels remaining  relatively  constant  thereafter. Thus  most  cejls  in the

cotyiedonary  tissue are  apparently  fbrmedi by the end  of  the sixth  week  and  the
subsequent  gro",th (Fig. 1) is primarily through  ccll  enlargement.

    Chang ¢ s in DNA  content  in the axes  (Fig. 4) were  similar  to those  in the coty-

ledons, achicving  a  inaximum  by 7 w･eel<s.  Since incrcascs in {Sresh weight  had ceased

by this time  (Fig, 2), it appears  that  the embryonic  axes  grow  mainly  by cell  division
with  cell  expansion  remaining  nominal  until  .crermination.  Graham  et al.  (10)
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working  with  wheat  ¢ mbryos,  Ing}e et al. (13) with  corn,  and  Wheeler  and  Boulter
(J7) using  Viciajuha all reported  basically thc  same  findings fbr DNA  content.

    The  RNA  content  ofcotyledonary  tissucs increased rapidly  from weeks  4 through
8 (Fig. 5), the period of  highest ccll  proliferation (Fig. 1 and  4). Durin.cr
weeks  9 through  l1, RNA  levels in the cotyledons  declined by 329,5; howevcr,
during the terminal  days ofmaturation,  RNA  content  again  increased and  became
nearly  equivalent  to the maximum  observed  at  8 weeks,  Similar RNA  profite
changes  have becn obtained  fbr peanut  seeds  maturing  during a  subscquent  

.crrox-'in.cr
season  (3.3).
    The  large decreasc in ¢ ot>,1¢ donary RNA  content  during weeks  9 through  1l
seems  to be correlated  with  ribonuclease  (RNase) activity  (Fig. 6) in that the  RNase
activity  profile increased during the period ofdiminishing  R}<A  content,  However,
RNase

 in the  axes  (Fig. 6) followed a  pattern similar  to cotyledonary  RNase  changes

even  though  RNA  content  continued  to increase (Fig. 5). Thus, the  apparent

relationship  bet",c¢ n  RNA  levels and  RNasc  activities  in the  cotyledons  may  simply

be fortuitous. This period of  cotyledon  development is distinctive in that  total

volatiles  (including methanol,  ethanol,  acetaldehyde,  pcntane  and  hexanal) as  well

as  alcohol  dehydrogenase and  lil)oxidase activities  <9) display profi!e changes

similar  to  those  shown  here fbr RNA.  However,  the significance  o{'these  observa-

tions remains  unclear,

    Data  summarizing  the  weekly  changes  that  occurrecl  in protein content  of

maturing  peanut embryos  are  shown  in Fig. 7, Both cotyledonary  and  axial  tissue
demonstrated an  increasing amount  of  protein over  the  ¢ ntire  period of  maturation.

    The protein synthesizing  capacity  of  maturing  seed  was  estimated  by  fbllowing
thc course  of  

i4C-leucine
 incorporation into TCA  soiuble  and  inso]uble fractions.

As indicated in Fig, 8, eMciency  ofincorporation  (30) in the cotyledons  was  clevated

initiaJly but rapidly  declined despite the  accumulation  of  }arge amounts  of  protein
(Fig, 7). In contrast,  eMciency  in the  axcs,  initially equivalent  to the cotyledons,
increased untii  the  12th week  before declining during w ¢ eks  13 and  l4 (Fig, 8).

    Thc failure of  the cotyledoRs  to exhibit  amino  acid  incorporation might  have
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been  due  to a  lack of  isotope penctration into the cotyledonary  protein bodies

demons[rated by Dieckert ct  al.  (34). {f so,  the 
``cytoplasmic"

 system  in thc

cotyledons  apparently  synthesized  only  nominal  amounts  of  protein during late

maturation  or  else  the  protein fbrmed  was  much  lower in leucine content  than  that

in th ¢  axes.  A  third possibility exists. The  observations  ofhigh  relative  cMciency

of  amino  acid  incorporation in the axes  when  protein was  not  rapidly  accumulating

in the tissue suggest  that  some  of  the  biosynthetic activity  in the axes  during late

maturation  may  possibly be directcd toward  the production of  protein for transport

to, and  storage  in, the  cc)tyledons.
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