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Abstract. 3H-thymidine incorporation and DNA-polymorase activity during early hours of 
wheat embryo germinabion at two viability levels have been studied. The patterns of two bio- 
synthetic activities, as well as the dependence of DNA synthesis on protein synthesis, indicated 
the presence of a delay in the early phase of imbibition of the aged embryos with respect to 
viable germs. 

In  seed, ageing induces damages to the membrane and enzyme systems and 
damages to the genome (VILLIERS 1975). Although genetic damages increase 
during ageing, these cannot involve directly transcription of genetic material 
(MARcuS and FEELEY 1964). BERJACK and VILLIV, RS (1972) reported that  
aged embryos of Zea  m a y s  may germinate, after a delay, into normal seedlings. 
These authors suggested tha t  embryos with damaged maeromoleeular 
structures were able to recover some metabolic functions during early 
germination. During this delicate phase, in which protein, R NA and DNA 
synthesis occur up to the first cell division (DoBRZANSKA et al. 1973), little 
is known about  the onset of DNA synthesis and its relation with early 
proteins synthetized in aged wheat embryos. In this context,  several authors 
(MoRY et al. 1972, HOVEMANN and FOLMA~ 1979) reported tha t  DhTA- 
polymerase (EC 2.7.7.7.) may  represent a typical enzyme connected directly 
to the onset of DNA synthesis in germinating embryos. 

The experiments reported in this paper a t t empt  to correlate DNA synthesis 
and the development of DNA-polymerase activity, as well as the inter- 
dependence of two biosynthetic activities during the early hours of  germi- 
nation of wheat embryos isolated from seeds at high and low viability. 

MATERIAL AND METHODS 

Two stocks of wheat  seeds ( T r i t i c u m  d u r u m  cv. Appulo) were used: the 
first, a t  87~ viabili ty level (87%V embryos), was obtained from seeds 
harvested in 1978 and the second, at  62% viability level (62%V embryos),  
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from the same seeds stored under rapid ageing conditions at 14~/o moisture 
content and 38 ~ for the required time (ROBERTS and ABDALLA 1968). 

The embryos were prepared according to JOHNSTON and STERN (1957). 

Germination 

20 mg of embryos (50--60 embryos) were germinated at 20 ~ in darkness 
in Petri dishes on two filter papers imbibed with 3 ml germination medium 
containing 2% (w/v) sucrose and chloramphenicol (10 ~g ml-1). 

DNA and Protein Synthesis 

These activities were measured as labeled thymidine or leucine incor- 
poration into cold trichloroacetie acid (TCA)-insoluble material. At ap- 
propriate times the embryos were pulsed for two hours in (6-3H) thymidine 
(0.5 ~Ci ml-1; sp. act. 30 Ci mmol-1) or L-(U-14C) leucine (0.1 ~Ci ml-1; sp. 
act. 324 mCi mmol-1). At the end of the pulse, the embryos were washed and 
homogenized in 2% (w/v) sucrose solution containing 5 mNI 2'-desoxy- 
thymidine or 12 mM L-leucine (about 100-fold in excess of the corresponding 
radioactive precursor). Total uptake and incorporation of labeled thymidine 
and leucine into TCA-insoluble material were assayed essentially according 
~o SE~ and OSBORNE (1974). The standard error of determined radioactivity 
was in the range of 5 per cent or less. 

Mitotic Index 

Samples of three embryos arising from labeled thymidine incorporation 
experiments were fixed in Carney, stained and squashed by the standard 
Feulgen method (DARLINOTOI~ 1969). For mitotic activity estimation, at 
least 1000 cells per slide were examined. The mitotic index was expressed as 
per cent value of the ratio: observed metaphases/total number of cells 
scored. 

DNA-polymerase Activity 

Enzymatic activity was measured as in vitro incorporation activity of 
labeled deoxythymidine triphosphate [(3H)-TTP] by the soluble fraction 
from homogenate of wheat embryos. 

20 mg of wheat germs were homogenized in an ice-cold mortar with 3 ml 
50 mM TRIS-HC1, pH 7.6, 25 mM KC1, 1 mM MgC12, 1 mM 2-mercapto- 
ethanol and 0.25 M sucrose. The homogenate was centrifuged twice at 
10000 •  for 15 min and the resulting supernatant was then centrifuged at 
100000• for two hours. The post-ribosomal supernatant obtained was 
dialyzed overnight against 50 mM TRIS-HC1, pH 7.6, 10 mM KC1, 1 mM 
MgCle, 10% glycerol (w/v) and 1 toNI 2-mercaptoethanol. The dialyzed 
solution was then centrifuged at 10000 • g for 20 min and the clear super- 
natant ,  which formed the soluble fraction, was used as the source of enzyme 
activity. 

The reaction mixture to assay DNA-polymerase activity contained in 
a total volume of 0.25 ml: 25 mMTRIS-HC1, pH 7.6, 4.4 mM MgCI~, 
16 mM KC1, 0.1 mM each of dATP, dGTP and dCTP, 1 ~Ci of (methyl-SH) 
TTP (sp. act. 30 Ci mmol-1), 4~o (w/v) glycerol, 0.4 mM 2-mercaptoethanol, 
50 ~g of activated calf thymus DNA (APOSHIA~ and KOR~rSEm3 1962) and 
100--150 ~g of protein of solub]e fraction. After the incubation at 37 ~ for 



DNA SYNTHESIS AND DNA-POLYMERASE A C T M T Y  289  

30 rain, all the operations were carried out as already described (DELL'AQUILA 
et aI. 1978). 

Protein content was determined by the method of LowRY (1951) using 
crystalline serum albumin as standard. 

The values reported in the figures and tables represent the mean of three 
determinations replicated in two series of experiments. 
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Fig. 1. Time course of 3H-labeled thymidino incorporation into TCA-insoluble material of 20 mg 
87%V and 62% V embryos during early hours of germination. Mitotic index was estimated in 
the same lots of germs. 

R E S U L T S  AND D I S C U S S I O N  

When wheat embryos germinate in an appropriate medium, the events 
preceding the initiation of DNA replication (phase S) occur in cells that  are 
in G1 configuration (CHE~ 1973/. The time course of ~H-thymidine incor- 
poration into TCA-insoluble material from 87%V germs (Fig. 1) showed 
that  the onset of DNA synthesis began after 4 h. The labeled precursor 
reached active incorporation between 16 -- 30 h and a peak at 32 h was followed 
by a sharp drop. In  aged germs, the onset of labeled thymidine incorporation 
was delayed about 8 h but  reached a peak at the same time as 87%V germs, 
even if the incorporation rate was lower than  with viable germs. Moreover, 
the observation of mitotic figures in 87 ~oV embryos indicated that  after the 
first 16 h of germination, in which no mRosis was found, the percentage of 
dividing cells increased up to a peak at  28--32 h. In  62%V embryos the 
mRotie activity was observed after the first 24 h, reaching its maximum 
at 32--36 h. 
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The onset of DNA synthesis in germinating wheat embryos was reported 
to be dependent on the ex n o v o  synthesis of the same proteins as DNA- 
polymerase  (MORY et a[. 1972). Our preliminary studies indicated that the 
post-ribosomal fraction of a homogenate from wheat embryos presented 
a higher content o f  DNA-polymerase activity with respect to that of the 
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Fig. 2. DNA-polymerase activity during early hours of germination of 20 mg 87%V and 62%V 
wheat embryos. 

corresponding subcellular fractions (data not shown). This soluble DNA- 
polymerase strictly dependent on added DNA, as template, in the enzymatic 
reaction test, was reported to be better correlated to the onset of DNA 
syr~,thesis in several plant embryos (RoBINSO~ and BRYANT 1975, HOVE- 
~ANN and FOL~AN 1979). The time course of 3H-TTP incorporation into 
DNA (Fig. 2) indicated that  the increase of the enzymatic activity preceded 
the onset of the active synthesis of DNA and presented a slight peak of 
activity at 32 h of imbibition in both lots of germs. In 62% V embryos, 
DNA-polymerase activity increased at a lower rate than in 87%V embryos. 
In both lots of germs 3H-TTP incorporation activity decreased very rapidly 
after the peak of highest enzymatic activity. 

In  order to determine the dependence of DNA synthesis on early protein 
synthesis and on the increase of the DNA-polymerase activity, the protein 
synthesis inhibitor-cycloheximide was used on germination of both lots of 
germs. After 0, 12 and 24 h of embryo imbibition the drug was added at 
the concentration of 20 tzg m1-1 and, at the end of the first 32 h, 14C-leucine 
and 3H-thymidine incorporation and DNA-polymerase activity were tested 
in three series of separate experiments. The inhibiting effect of cyeloheximide 
either on 14C-leucine incorporation or on enzyme activity enhancement in 
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Effeot of cyoloheximide (20 ~g:ml-1) added, at differenb times of  germination, to 20 mg o f  
87 %V and  62 %V wheat  embryos on L-(U-14C) leuoine ineorporation into TCA-insoluble material 
and on DNA-polymerase aotiviby at  the end of  the first 32 h of germ imbibition 

Time of Embryo  L-(U-14C) leucine ineorp. DNA-polymeraae act iv i ty  
inhibitor counts min -z mg-* % inhib. 

addition [h] viabi l i ty  oounts rain -1 % inhib, protein 

Control 87% 57390 - -  46869 -- 
0 558 99 1972 96 

12 19290 66 17492 62 
24 36476 36 35748 24 

Control ~2% 20751 -- 35861 --  
0 207 99 578 98 

12 6044 71 5099 86 
24 12106 42 27342 24 

87~/oV embryos was higher at 0 time than at 12 and 24 h of drug addition 
(Table 1). In 62 %V embryos there was a more enhanced inhibiting effect on 
DNA-polymerase increase at 12 h of cycloheximide addition than in viable 
germs. At 24 h of inhibitor addition the percent decrease of enzymatic 
activity was similar in both lots of germs. DNA synthesis in 87~/oV embryos 
was gradually inhibited when cycloheximide was added at 0 and 24 h, 
whereas at 24 h the inhibition was negligible (Table 2). On the other hand, 
in 62% V germs a strong inhibition on 3H-thymidine incorporation was 
observed both at 0 and 12 h of cycloheximide addition, whereas at 24 h no 
inhibiting effect of the drug was found. 

These data show that the inhibitory effect of cyeloheximide on protein 
synthesis was stronger than that on DNA synthesis and that the drug 
inhibited DNA synthesis indirectly by inhibiting the protein synthesis 
necessary for DNA synthesis. This separate effect of cycloheximide on protein 

TABLE 2 

Effect of cyeloheximide (20 ~tg m1-1) added, at different t imes of germination, to 20 mg of 87%V 
and 62%V wheat embryos on (6-3H) thymidine incorporation into TCA-insoluble material at 
the  end of the first 32 h of germ imbibit ion 

Time of inhibitor Embryo  Radioact iv i ty  
addition [hi viabili ty Counts min  -1 % inhib. 

Control 87% 1796 -- 
0 342 81 

12 869 51 
24 1690 6 

Control 62% 1060 -- 
0 205 81 

12 223 79 
24 981 7 
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and DNA synthesis has already been reported in germinating Vicia faba 
(JAKOB and BOVEttY 1969) and in potato tuber slices (WATA~ABE and IMA- 
SEKI 1976). Also MORY et al. (1972) demonstrated the dependence of the onset 
of DNA synthesis on early protein synthesis in germinating wheat embryos, 
using blasticidine S, a strong inhibitor at the peptide chain elongation level. 

In aged embryos, both the delay of the onset of DNA-synthesis and of the 
mitotic activity and the prolonged effect of cycloheximide on the increase of 
DNA-polymerase activity and on the labeled thymidine incorporation might 
be due to a longer phase of activation of some biochemical processes, con- 
nected with DNA synthesis, in comparison to that in viable germs. These 
processes include also removal of inhibitors, synthesis and/or activation of 
some enzymes directly involved in the polymerization of DNA and avail- 
ability of an active DNA template (MoBY et al. 1972). Therefore it is likely 
that the ageing may induce some changes in regulatory systems, affecting 
DNA replication and its repair, as already reported in aged wheat embryos 
by S c m ~ r r  et al. (1978). On the other hand, a long period of synthesis and 
turnover of proteins could result in the gradual repair of enzyme lesions, 
already reducing in this way the macromolecular damages to a minimum 
during the early hours of aged wheat embryo germination. 
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This voluminous book appeared as volume 7 of the  Linnean Society Symposium Series; i t  
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The contr ibut ion are divided into nine sections. The first one "Taxonomy and  floristics" 
(7 papers) presented a general systematic overview of the  family and  its representat ions in 
different par t s  of the  world. The second section " E t h n o b o t a n y "  (3 papers) introduces the  subject  
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wi~h cytogenesis and  reproductive biology. In  the  comprehensive last  two sections "Biosystem- 
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i l lustrated by  tables, maps, graphs, pictures and  photos.  The a im of the  twelwe-point resolution 
of the symposium, published a t  the  end of proceedings, is to improve and  set the  t r end  of the  
future  work. 

This book is a comprehensive review of the family Solanavvae and will serve to taxonomists ,  
botanists ,  chemists, biochemists, gene~ists and  breeders for many  years as a pr ime source of 
information and  references. I t  is complemented by  Taxonomic and  General indexes and  is well 
pr inted and  produced. 
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