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MmlrKt. Protein and RNA contents and synthesis were evaluated in the course of wheat grain (T. 
durum cv. C~=elli) development. Embryos and endosperms were considered separately during five 
pluu~ from the 20th day after anthem until full ripenes wes reached. No d e a n ~ t  ~ ~ ~ 
in the pattern of soluble pmteim of the embryos. In the endmpemu protein synthesis continua till the 
later pluwes and appears to be clue to the albumin + globulin component. Screening of bands of 
endmperm proteins from electrophorem indicates that the gliadim are s y n ~  early, with the 
exception of a to - gliadin. Glutelim with high relative molecular mass also appear to be synthesized when 
the grin approad~ m apenm. 

The RNA content of the embryo and the endosperm is high in the early stages, when high cell 
proliferation occun, and declines later on. The synthesis of RNA during in v/tro, imbibition is, however, 
higher in the later phases of ripening. Most of RNA synthesized in the embryos was ribosomal. 

The ontogeny of seeds which begins at fertilization of the ovule continues through 
three main stages (Mum2 1982): i) endosperm and pro-embryo formation; ii) 
embryo development and storage compound deposition; iii) grain ripening, during 
which most water is lost. 

During these stages many changes occur in the characteristics of the seeds such as 
the rate of nucleic acid and protein synthesis, hormone content and the composition 
of free amino-acid pools. Some of these compounds are essential for the developing 
grain and are mainly utilized during seed germination and the initial growth of the 
plant. 

On this basis, an investigation was carried out into certain biochemical aspects in 
the course of endosperm and embryo development in Tr/ticum durum caryopses, 
characterized by a "relative dormancy" (M~r~-ri 1964), and RNA and protein 
synthesis in the two organs of the caryopsis, which are characterized by different 
cytological and tissue patterns, was evaluated. 

The biochemical events described in the present paper start in caryopses collected 
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20 days after anthesis and research on them will improve ou r  knowledge of the 
control mechanisms of durum wheat dormancy. 

MATlgiHAL AND ~ 

Tr/~cum durum cv. C.appelli caryopses (seeds) were u 't~ized in all the experimen- 
tal procedures. The seeds were collected from open-field grown plants and the 
developmental stages considered were 20, 27, 34, 41 and 48 days after anthesis 
(stages I, II, HI, IV, V). All seeds were s t e ~  with 5% Na-hypochlorite (5 rain) 
and carefully rinsed with distilled water before use. Embryos and endospenm were 
hand-isolated in sterile conditions by a sharp gauge and stored in sealed glass 
containers, in the dark at -20 ~ 

The total embryo proteins were extracted at room temperature, twice for 30 rain, 
with a mixture of 0.062 M Tris HCI (pH 6.8), 2% SDS, 5% 13-mercaptoethanol 
(CoLIn et a/. 1981). Aliquots of the supernatant were used for SDS-polyacrylamide 
slab electrophoresis (Liox et al. 1984) by means of a modification of 
(1970) discontinuous system. 

SDS-soluble proteins were extracted, according to the above procedure, from lots 
of 10 isolated endosperms, ground in a blender and defatted, three times, with cold 
acetone (15 ml for 15 min). 

The protein fractions were extracted from the defatted powder of the endosperms 
according to the basic procedure devised by O s a o ~  and M e t ~ .  (1914) and 

et al. (1982) and modified as follows: each step was performed three times 
for 1 h by means of 20 volumes of solvent in stirred centrifuge tubes; the following 
series of solvents were utilized: 1) 0.5 M NaCI to extract albumins plus globulins; 
2) 70% ethanol and 2% [3-mercaptoethanol to extract gliadins; 3) borate buffer 
(pH 10), 1% 15-mercaptoethanol and 1% SDS to extract glutelins. 

The extracts to be utilized for electrophoresis were dialyzed against water 
overnight and then lyophilized. The samples solubilized by means of ~ ' s  
(1970) sample buffer were heated at 100 ~ for 3 rain and 100 ~tg fractionated in 
17% polyacrylamide gel slabs (PAYNE and Coz~,~,n 1979). The tracking dye used 
was bromophenol blue (0.005%). The gels were stained according to the method 
devised by FAnfAreS et al. (1971) for endosperm proteins and modified by 
FULL~OTON et al. (1983), then destained with isopropanol-acetic acid-water 
(10/10/8, v/v/v). 

l~eetetn (~Jumtllfll~t~n and SyntheadaJ h 

The protein content was evaluated according to BENSAnOUN and WmNs'rmN 
(1976). For the evaluation of protein synthesis, isolated embryos and endosperms 
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were incubated at 23 ~ in sterile conditions for 5h, in a water solution of 0.6 MBq 
ml -x and 0.2 MBq m1-1 3H-leucine (specific activity: 5.4 TBq retool-t). The 
materials were then carefully rinsed with a sterile solution of 100fold excess cold 
leucine. Uptake (U) and incorporation (I) were estimated according to the methods 
devised by SoDm: and WILSON (1970) and ROBEarS eta1. (1973), by utilizing Protosol 
plus Econofluor solutions (NEN). 

RNA Extraction and Fractlonation 

Total RNA was extracted using the phenol method, modified by AvAr~Za et al. 
(1972), at pH 7.6. Samples (100 ~tg) of total RNA were layered on a linear 
(5%-20%) gradient of sucrose, dissolved in 0.01 M acetate buffer pH 5.2 plus 0.1 
M NaC1, with a cushion of 50% (m/v) sucrose, and centrifuged at 55 000 rev. min -1 
for 3 h at 2 ~ The samples were pumped from the bottom of tubes through an 
ultraviolet analyzer. Fractions, each of 0.5 ml, were collected and their radioactivity 
was determined by liquid scintillation. 

RESULTS AND DISCUSSION 

The seed development sequence, followed by measuring fresh and dry mass, is 
shown in Fig 1. Starting from stage I, the fresh mass (FM) of the embryo rapidly 
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Fig. 1. Seed ripening evaluation: Fresh ( �9 ) and dry ( �9 ) mass, water content ( �9 ) of embryos (A) or 
endosperms (B) at various stages. The ripening stages indicated as I, II, III, IV, V were considered at 20, 
27, 34, 41 and 48 days from anthesis, respectively. 
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increases up to stage II; then, a progressive decrease occurs in accordance with the 
decrease in water content (from a maximum of 67% to 7% at about stage V). The dry 
mass of the embryo increases up to stage III and remains roughly constant up to full 
ripeness. The pattern of endosperm development is roughly similar to that of the 
embryo. 
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Fig. 2. Protein content and synthesis in developing embryos. Total protein content in dry ( at ) and 
imbibed ( � 9  embryos, aH-leucine incorporation ( | + dashed line) (A), and protein synthesis 
expressed as Incorporation/Uptake ratio (I/U. 100; �9 ) (B). 

The pattern of protein content and synthesis during embryo development shows 
that the embryos double their protein content while their proteosynthetic activity 
(I/U. 100) declines (Fig. 2). This is in relation with the increase in dry ma~ .... 
subsequent decrease in metabolic activity due to the dehydration process. The 
reduced protein content during embryo imbibition might be due to the rapid 
turnover or to their moderate leaching (HwANO et  al. 1979). 

During development of the embryo there is no apparent difference between the 
stages in the pattern of total proteins separated by SDS-PAGE (Fig. 3). This implies 
that the embryos are capable of early synthesis of most total protein species which 
are formed until the development is complete. 

Developmental changes in total protein content in the endosperm showed 
a progressive increase mainly between stages III and IV when filling of the 
endosperm is virtually complete and the dehydration process reaches its maximum 
value (Fig. 4). This late increase appears to be due mainly to the accumulation of the 
albumin + globulin component; the increase in other proteins, such as gliadin and 
glutenin, is rather limited. This pattern, in accordance with the data on Steward 
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Fig. 3. Electrophoretic pattern of total proteins in developing embryos. Scannings of proteins fractionated 
by SdS-PAGE. 

durum wheat ( 1 3 ~  and D ~ o ~ x  1975), might moan that in that phase of their 
development, together with storage proteins, the wheat endospcrms mainly accumu- 
late proteins involved in the enzymatic processes concerning filling or preparation 
for the future germination process. 

The protein-synthesizing activity of developing endosperms as evaluated by 
means of the incorporation of 3H-leucine into the TCA insoluble fractions and the 
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Fig. 4. Protein content in developing endospenm. Total proteins (,),  albumins + globulins ( � 9  
gliadins ( �9 ), glutenins ( �9 ) contents. 

I / U .  100 ratio (Fig. 5), confirms the data obtained by quantifying the protein 
content. The most dramatic increase occurs between stages HI and IV for albumin 
+ globulin and, to a lesser extent, for glutenin; giiadin synthesis appears to be 
practically constant during endosperm development. 

This late increase in both protein content and synthesis is indicative of the 
settlement of specialized proteins ~ eta/. 1965), probably enzymatic proteins, 
involved in starch synthesis (C~avmEn. et aL 1981). This process together with 
protein synthesis continues in T. aestirum until physiological maturity is reached 
(up to 35-40 days, approximately, after anthesis; C~m~.L  eta/. 1981). 

In order to evaluate the changes in the protein subunits from developing 
endosperms, SDS-acrylamide gel electrophoresis of the proteins was carried out. 
Figures 6A and 6B contain the electrophoretograms of albumins + globulins and 
gliadins. The former shows variations when stage II is reached, the latter shows the 
appearance and increase of a new large gliadin (o)gliadin; Bi~rz and WAn. 1972) 
starting from stage H. It accumulates slowly even when synthesis of most proteins in 
the endosperm is rapidly declining. 

These data agree with the findings of T~c~-L~oRouE and Pmx~H ~r (1982) 
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Fig. 5. Protein synthesis in developing endosperms. 3H-leucine incorporation into albumins + globulins 
(0), gliadins ( �9 ), glutenins. ( �9 ) (A). - Protein synthesis is expressed as Incorporation/Uptake ratio 
O/U. 100) (B). 
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who showed that the gliadins are directly synthesized, early (before the 6th day after 
anthesis) in their mature form, as shown by in vivo and in vitro experiments 
(TERc~-LAFORGtm et al. 1987). 

The pattern of glutenins is very similar during the development but the relevant 
amounts of the M. M. subunits (from 94000 to 30000 M. M. approximately) 
appeared to increase when the srain approached full ripeness (Fig. 6C). 

The assessment of embryo RNA content shows that the highest value is reached at 
stage II (Fig. 7A, C) .' this fact must be related to both the rapid increase in fresh mass 
and the corresponding highest cell proliferation. In 5h-imbibed embryos, the 
maximum content is reached later; it increases progressively up to stage III and then 
declines. The data reflect the 3H-uridine incorporation pattern and the evaluation of 
RNA synthesis efficiency (I /U.  100). It can be hypothesized that the 5h-imbibed 
embryos utilize their RNA during early development while acquiring the capability 
of synthesizing new RNA at stage IU. 

The radioactivity data from the sedimentation profiles (Fig. 8) show that most of 
RNA synthesized during embryo development is ribosomal and confirms that the 
highest rate of RNA synthesis in vitro is at stage III. 
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Fig. 7. RNA content and synthesis in developing embryos (A) or endosperm (B). Total RNA content 
(Oh ; �9 ) (5h imbibition ; �9 ), ~H-uridine incorporation ( �9 + dashed line), and RNA synthesis (C) (I/U. 
100; embryos, �9 ; endosperm �9 ). 
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Fig. 8. Sedimentation profiles of total (full line) and radioactive (dotted line) RNA formed during 511 
embryo labelling with 3H uridine. 

In the developing endosperms (Fig. 7B, C), the highest content of total RNA 
occurs at stage I; later, it decreases significantly and remains virtually constant until 
the grain is fully ripe. These results agree with similar data reported for different 
cuifivarsof T. a e s 6 v u m ~ R a n d l - l m m ~  1975, Bkusom eta/.1977) : theyseem 
to indicate that RNA accumulation occurs very early and is then followed by 
considerable RNA degradation, probably caused by massive nuclease activity 
(MA~tme'r^ 1959, Wem~t~ and KutxA 1979, 13~ 'Aoun~  eta/. 1982). 

The 3H-uridine incorporation pattern and the evaluation of RNA synthesis 
efficiency (I/U. 100) show that the RNA synthesis of endosperms, - which is very 
low and constant in the two early stages - ,  greatly increases until the completion of 
grain development. 

The ripening period of the wheat grain we have studied begins on the 20th day 
after anthesis and lasts until the 48th day, and corresponds approximately to the 
middle and late phases of grain development. 

In the wheat endosperms, in the course of the middle ripening phase (stages I and 
II), protein bodies are formed in the storage tissues (Mum'z 1982). In the Cappelli 
cultivar of 1". durum the increase in dry mass is accompanied by a moderate 
accumulation of proteins; moreover, a reduced RNA content and a lower capacity to 
synthesize RNA occurred, in accordance with the data reported by It~3t~ et al. 
(1965) In the later phases the RNA synthetic activity greatly increases whereas the 
RNA content is low and constant. 
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At this time, when maximum dehydration is reached, a rapid increase in both the 
content and the synthesis of the albumin + globulin fraction occurs. Since this 
considerable synthesis of proteins and RNAs is accompanied by increasing amounts 
of polyamine putrescine, spermine and spermidine (our unpublished data), we 
conclude that at the final phases of grain development, the endosperms of T. durum 
cv. Cappelli are characterized by the persistence of a marked biosynthetic activity. 

In wheat embryos the growth of which is mainly due to cell division and distension, 
the progress of development, when the increase in dry mass mainly occurs (20-30 
days after anthesis) and the differentiation of axis tissues begins ( S ~ T  and O'Bnw.N 
1983), is accompanied by protein accumulation and by an increase in both RNA 
content and synthesis. Embryo ripening appears to be more negatively affected by 
the dehydration process. Indeed, when this process reduces the embryo water 
content by 50 % their metabolism declines considerably and a rapid reduction in 
protein and RNA synthesis occurs (WAz.so-r 1972). 
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