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   NVheat embryos  isolated from seeds  at  two  viability  levels treated  with  the hydratien-
dehydrztion technique  (presoaking treatment)  showed  an  in vivo  increase of  radioactive
       t -- l
precursor incorperation  into  prote!ns, RNA  and  DNA  and  remarkable  DNA-polytrierase
activity  in their crude  extracts  comparecl  to untreated  germs.
Key  words:  Macromolecules biosynthesis -  71'iticum ditrum -  Wheat,

   . Seed hydration and  dehydration  (presoaking treatment)  improve  seed  germi-
nation

 
and

 seedling  vigour  (1, 1-IO, I9). The  metabolic  events  activated  by  this
treatment

 of  the embryo  can  be devided into two  phases connected  with  the  len.crth
of  imbibition (I7).   . 

Protein and  RNA  syntheses  occur  in phase one,  and  phase two
begins with  DNA  replication  and  terminates  with  the first cell division. Previous
studies  have demonstrated  that  protein synthesis  can  be detected within  the first
30min  of  imbibition (iB), whereas  RNA  and  DNA  synthesis  start  later (3, 4).
Arnong the  biochemical changes  occuning  during the  early  hours of  germinatien
are

 
those

 related  either  directly or indirectly to DNA  replication  (14, I5) and  those
wh.ich  can  be connected  with  the  repairing  of  damages induced by ageing,  as  de-
scribed  by  Beriack and  Villiers (2) and  Villiers (22, 23).
    

In
 order  to study  the efllect ofpresoaking  treatment  on  the  metabolic  changes,

ye measured  the  amount  of  L-[U-i4C]  leucine, (5-3H) uridine  and  [6-3H] thymidine
mcerporated

 respectively  into protein, (total) RNA  and  DNA,  in wheat  embryos

isolated from seeds  at  two  viability  levels with  or  without  preseaking. The  activity
ofDNA-pelymerase  was  also  measured  in thc  crude  extract  from  the same  material,

    Two  stocks  ofwheat  embryos  (7'Viticum durum Desf  cv, Lamia) were  used:  the
first, at  92%  viability  level (92% V  embryos),  was  obtained  from  seeds  harvested in
1975 and  the  second,  at  60%  viability  level (60% V  embryos),  was  obtained  from the
same  seeds  stored  under  experimental  ageing  conditions  at  14%  moisture  content
and  at  S80C for the  required  time  C16). Presoaking treatment  included seed  im-
bibition with  30%  water  with  respect  to  the  seed  fresh weight  at  200C fbr 18 hr, then
dehydration at  3e± 1OC up  to  the  original  seed  water  content,  as  described elsewhere
(6). Next, the embryos  were  prepared according  to Johnston and  Stern Cll),
    In order  to  estimate  the amount  of  L-[U-i4C]  leucine, [5-3H] uridiRe  and  [6-
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Table 1 L-[ULi4C]  leucine incot]borated into 7UA-alcehoJ-insoluble.fi'action at  the end  ofthe.first 5hr  ofirnbi-
bition bj embv,os  iselatedfrom wheat  seeals at  two  viability  levels with  er  withoutPresoaking  (M±SD)

Embryo  viability Treatment 
Ra/lcOpamcts'vity Increase

 (%)
92%  V

60%  V

ControlPresoaking

ControlPresoaking

1630+  84

2015+I05

 840:t 92
1615±, 107

o24o92

3H]
 thymidine  incorporated respectively  into pretein, (total) RNA  and  DNA,

samples  of  five embryos  were  incubated at  200C for the diflbrent periods gi'ven in the

tables, during which  active  synthesis  of  these  macromolecules  occured  (I7), The
incubation rnedium  contained  O,1 ml  of  1 mM  sodium  phosphate  buflt)r (pH 5.5),
25 ltg penicillin-G, 25 ptg streptomycin  sulfate,  and  one  of  the foIlowing .' O,025 "Ci
of  L-[U-i4C]  leucine (sp. act.  23 Ci/mmol), e.36 s`Ci [5-3H] uridine  (sp. act.  29

Cifmmol), or  O.025 
,ttCi

 [6-3H] thymidine  (sp, act.  23 Cilmmol).  After incubation,
the embryos  were  rinsed  in running  tap  water,  kept overnight  in four volumes  of

absolute  ethanol,  then  homogenized, The  homogenate was  collected  on  nitro-

cellu!ose  filters (Millipore H.A.Mr.P.  O.45 pam pore diameter) and  sequentially  wash-

ed  twice  with  ethanol  (80%, vfv),  trichloroacetic  acid  (5%, wfv)  and  finally ethanol-

ether  (lll, v/v).  The  filters were  dried and  counted  in PPO-POPOP-toluene
scintillation  medium  (eg 18).

    DNA-pelymerase  activity  was  measured  as  in vitro  incorporation activity  of

deoxythyrnidine triphosphate  [3H-TTP], using  the  crude  extracts  (I4) obtained

from  either  ungerminated  embryos  (50e mg)  or  gerrns (500 mg)  imbibed with  water

fbr 18 hr. Their capacity  to catalyze  the in vitre  3H-TTP  incorporation was

measured  according  to Mory  et  al. (14). The  reaction  mixture$  contained  in a

total volume  of  O,25 ml,  20 mM  Tris-HCI (pH 7.6), 4.4 mM  MgC12, 16 mM  KCI,
O,1 mM  each  of  dATP,  dGTP  and  dCTP,  l psCi of  [methyl-3H]TTP (sp. act.  30
Cilinmol), 4%  (w/v) glyceroll O.4mM  2-mercaptoethanol, 57 

,ug
 of  calf  thymus

DNA  and  300-50e psg of  protein of  crude  extracts,  The  reaction  was  carried  out

at  37eC for 10 min  and  stopped  with  ice-cold TCA  (20%, wlv)  containing  2 mM
Na2P204.  The  precipitate was  coliected  on  Millipore filter, washed  with  cold  5%

TCA  and  ethanol-ether  (3fl, v!v),  dried and  counted  as described elsewhere,  The

results  of  radioactive  precursor incorporation represented  the mean  of  four deter-
minations,  repeated  in two  series  of  experiments.

Table 2 [5-3H] uridine  incoiporated into rcA-atcohol-insoluble .fraction at the end  of' the first 12 hr of' imbi-
bition bj,.five embnyyes  isolatedfionz wheat  seetts at  two viability  tevels with  or  witheut  presoaking ("(±SD)

. 
Embryo

 
viability

 .. ...T.reatment

       92%V  Control

                       Presoaking

       60%V  Control

                       Presoaking

Radieactivity Increase
   (cpm) (%)                  t ttt tttt-t-tt---tt ttt t-       -ttttttttt t

  420± 70 O

  540± 45 29

  190± B5 O

  415± 63 118
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Table 3 [6L3fl] tllyrnidine inceiporated into TCA-alcohol-insoluble .fraction at  the end  of the first 20hr of
e'mbibition byY7ve 

embEyos
 isolated.fiom wheat  seeal; at  twe viability  leevels with  or withoutPresoaking  (M ± SD)

Embryo  viability Treatment Radioactivity
  (cpm)

Increase
 (%)

92%  V

60%  V

ControlPresoaking

aontrolPresoaking

670± 41840

±25480

± 45915

± 42

o25o91

    Protein concentration  was  determined  according  to the  method  of  Lowry  et al.

(12), using  bovine serum  albumin  as  standard.

J!lfibct ofPresoaking on  L-[ULi4C]  leucine incoiPoration into the 7"en-aicohot insoluble.fraction･
Table  1 shows  the  amount  ofL-[U-i4C]  leucine incorporated into proteins by isTheat

embryos  isolated from  seeds  at  the two  viability  levels with  or  withQut  presoaking.
The  data show  a  diflbrent rate  of  i4C-lcucine  incorporation between the  92%  V  and

the  60%  V  embryes  at  the  end  of  the first five hr of  imbibition. Presoaking treat-
ment  enhanced  the radioactive  precursor incorporation into proteins. This

enhancement  was  higher in the  60%  V  embryos  (92%) than  the 92%  V  embryos

(24%).
Efaet ofPreseakin.a on  [pt3U] uridine  incorporation into the TCA-atcohol-insolttble.fi'action.
Table 2 shows  the  amount  of  [5-3H] uridine  incorporated into (total) RNA  by wheat

embryos  isolated from seeds  at  both viability  levels with  or  without  presoaking.
The  incorporation, measured  at  the end  of  the  first 12 hr Qf  imbibition, was  highest
in thc  92%  V  germs. The  presoaked embryos  showed  an  increase of  (total) RNA

synthesis.  This increase was  much  higher in the  60%  V  than  the  92%  V  embryos,

Efact of'presoaking on  [6L3H] t]tymidine incoiporation into the TCA-alcohol-insoluble.fraction.
Table 3 shows  the  ameunt  of  i6-3H] thymidine  incorporated into DNA  by  wheat

embryos  at  both viability  levels, with  or  without  presoaking. At  the end  of  the

first 20 hr of imbibition, an  increase of  
3H-thymidine

 incorporation was  observed  in
treated  embryos  compared  to the control.  Radioactive incorporation seemed  to be
enhanced  more  in the  presoaked 60%  V  embryos  than  the  92%  V  germs.
An  in vitro study  of the 3ff  TT]P incorporated bj, crude  extracts  derived.from dy and  imbibed
embnyyos,  As  shown  in Table 4, the  capacity  te catalyze  in vitro  

3H-TTP
 incorpora-

tion  was  very  low in the  crude  extracts  obtained  frem dry  embryos  isolated from
seeds  at  both  viability  Ievels. After 18 hr ofwater  imbibition, a  significant  amount

of  
3H-TTP

 incorporation into DNA  was  observed,  it was  higher in the 92%  V  em-

bryos than  the  60%  V  ones.

Table 4 [A{letigJl-3H]-TTI' incoiporated into DAIA  by crude  exlracts  ebtained.frem  wheat  embryos  at twe
t.:iabilit-y tevels with  er  witheut  imbibition <M±SD)

Embryo viability

    Radioactivity
(cpmtmg proteint10 min)

O hr 18 hr

92%  V60%

 V

280± 31180

± 28

4994± 285

2665± 165
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Table 5 [A4letipl-3H]-T71P incoiporated into DA-  by crude  extracts  obtainedfiem  dy embryos  isolated.fi'om
tvheF.t

 
sfeds

 
at

 
tLevo

 
viabilit.7

 
levels

 
tvith

 
er

 
zcrg2/ko.u.tPresoaking

 (ts(l-SP)

Embrye  viability

    Radioactivity
(cpmtmg proteint10 min)

Contrel Presoaking

92%  V60%

 V

240± 25178

± 15

4eOO± 327

1335± 150

    The  same  kind of  experiments  were  also performed  using  crude  extracts

obtained  frQm  ungerminated  germs  isolated from seeds  at  both viability  levels with
or  without  presoaking. As shown  in Table  5, the presoaked 92%  V  and  60%  V
embryos  showed  a  marked  

3H-TTP
 incorporation into DNA  which  was  extremely

low  in untreated  germs.

    Our  results  show  that  presoaking of  wheat  seeds  induced, in isolated embryos,
an  increase of  radioactive  precursor incorporation into proteins, Ctotal) RNA  and

DNA  during the  early  hours of  imbibitioni. This may  have been caused  by the

preservation of  several  metabolic  processes activated  during the  hydration stage  of

the treatment  and  not  by the  enhancement  of  the  precursor availability  in the pre-
sQaked  seed.  In fact, ifduring the  imbibition, the  mobilization  efmetabolic  reserves

from endosperm  to embryo  did induce an  increase of  the  precursor pools at  bio-
synthetic  sites, thus  diluting the  amount  of  cold  precursor, this would  have  reduced

the  stimulating  eflbct  of  presoaking. Among  the  biochemical changes  occurring

early  in embryo  imbibition, are  those  connected  with  DNA  synthesis  (14, I5).
Table 4 shows  that  the  DNA-polymerase  activity,  very  low  in ungerminated  germs,
increased at  the  end  of  18 hr of  imbibition, The  enhancement  of  this enzymatic

activity  was  evident  also  after  the  dehydration of  the  embryos  (Table 5). Our

previous studies  (20) showed  that  the respiratory  and  dehydrogenase activities,  which

increased during the early  hours of  imbibition, were  preserved after  dehydration
over  some  weeks  ofdry  seed  storage.  Also, Vidauer et  al.  (21) reported  that  phyto-
chrome  activation,  induced in lettuce seeds  under  red-light  condition  during
imbibition, occurred  in thes ¢  seeds  after  one  year ofstorage.

    Also, these results  clearly  show  that  the  increases in incorporation activities

were  highest in embryos  isolated from treated  seeds  at  Iow viability  level. Presoaking
treatment  of  aged  seeds  may  have caused  several  metabolic  changes  responsible  for
the  

[[repairing

 processes" of  the  biochemical damages in embryo  cells.  This hypo-
thesis was  also  preposed  by Beng'ack and  Villiers (2) and  Villiers (22, 23) in relation
to the restoration  of  the  functionality of  cell  structure  in seeds  which  had lost their
viability  during storage.

    We  conclude  that this metabolic  improvement eflbct  induced  by presoaking
can  benefit aged  embryos  in addition  to the preservation of  activated  metabolic

processes occurring  in high viability  seed  germs.

i Other'e-xperiments"also confirmed  these findings when  the  ratios  of  incorporation dpm  versus  the

total uptake  dpm  were  compared  between the untreated  and  treated  seeds,  even  when  the total

uptake  was  higher in the latter.
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