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METABOLISM OF NUCLl3IC ACIDS DURING EARLY 

INTRODUCTION 

SEVERAL illv~tions on nucleic acid &aqp in gclmiw@ see&3 and develop& s+xahgs 

have been reportefi.1-4 How-, some workers used the Ogur and Rosen procednre which 
is now knowu to be baby for qnantitative analysis of RNA and DNA in ~lants.~ In 
spite of this, the overaU pictum which emerges from these studies does tend to show that 
increases in RNA and DNA in the radicle and plumule arc achieved at the expense of the 
nuct~cacidsofthetndospermandscutell~;thispictureisbascdon~~madeprimarily 
at daily interval~~ Becanse of the obviously rapid changes which must occur immediately 
after imbibition starts, a study of nucleic acid metabolism during the early stages of germina- 
tion at shorter time intervals was considered desirable. The results of such a study, which 
employed a mod&d Schmidt and Thannhauscr proozdure7~* are presented hem. 

Although a two stage pwi&ation procehm was employed, the RNA fracion from the 
endosperm was contaminated by extraneous phosphorus and carbohydrate (Table 1). Even 
so the pattern of changes in RNA coutent were similar irrespective of the assay proccdum 
employed (carbohydrate, phosphorus, U.V. absorption). since the U.V. spectra of the extracts 

+ Piwent Addrew: Thyford Laboratories Ltd., Tbvyfd Abbey Rd., Lmdon, S.W.10. 
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End- 0 25.5 10.8 
Ehdosperm 32 16.5 

E - 
126 

E 3x 10.5 96 ;:: l&7 6.6 

plumule 11.5 7.0 scllwm 3’: 7.2 6.8 Z:f 

appeared reasonably free from ~n~tiou by other absorbing sum the values 
obtained by computing the RNA content from t$e di@rence in absorption at 265 w and 
290 w were considered to be most accurate. A more reasonable agreement was obtained 
between all three methods of assay for RNA in the other tissues studied Fable 1) but the 
resnlts based on u.v. absorption have been used to assess the changes which occur during the 
early stages of germination in the various parts of the seedling (Fig. 1). 

))oun oftar gennimtm 

l30.1. -INRNA CDNSBNT (&FLANT PART) ~~~OFR~ 

O-**_.._ o,eadasperm; q ---Ehpti; X-.-.-*-x,scutc~um; A-A,mdidc. 

2. lk DNA Fraction 

In general, U.V. absorption of the DNA fraction, conld not be employed for assay purposes 
because of contaminating material. The more specific diphenylamiue mactionwastherefore 
used in all cases. The pattern of changes observed &ring germination are presented in Fig. 2. 

The RNA and DNA values presented are the average of at least four individual estima- 
tions and some endosperm values represent the average of at least ten estimations. In general 
the reproducibility of the results wgs within T 4 per cent, and rarely exwxled T 5 per cent. 
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DISCUSSION 

The DNA metabolism in the various tissues of the rye caryopsis shows Iittle variation 
from what might be expected. The gradual increase in tha DNA content in both the phunule 
and the radkle (Fig. 2) is clearly a syuthesis of DNA prior to cell division, which in rye does 
not take place until after a period of expansion which may continue for 24 hr a&r ambition 
starts. ~e~~~ in DNA during the period studied is an expression of imzased 
cell mlmber. 

The fall in the DNA content of the scutellum cannot be accounted for by known cellular 
caption. The s&n&an= of this ph~omen~ cannot be from the data 
available. The increase in DNA conteut of the endosperm during the first 16 hr of the 
germination process is also rather unexpected. Itcould be accounted for by an increase in 
cell number, but no cytological evidence of call division in the alcurone layers is known. 
Cherry 3 has recorded an increase in the DNA content of Aruc& &pageu (peamtt) cotyledons 
during the first 8 days of germination. In peanut the increase is gradual and sustained over a 
relatively long period witb the result that the DNA content is ap~o~~ly doubled. Again 
in peanut cotyledons cell division is absent. In rye the increase in DNA is probably confined 
to the aleurone layers and the periphery of the endosperm, the only regions hydrated at this 
stage of germination. In peanut the incmase is probably more general. The si@iku= of 
these increases in rye and peanut is diEcult to assess, but it is tempting to suggest that they 
may be important in controlling enxyme synthesis in storage tissues. 
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The initial fall in the RNA content of the endosperm, which then rises to a value above 
the original level (Fig. 1) could suggest the ~v~oprnen~ in part at least, of a new enxyme- 
synthesixing apparatus. It is of interest that the fall occurs so early in the germination process 
when only the outer layers of the endosperm are at all hydrated. There are two possible 
explanations for this loss; first, some RNA may be degraded by phosphodiesterases, and 
secondly the RNA could be ~~~ as a m~omol~e to the embryonic axis. The 
probability of macromolecular RNA translocation was suggested by the work of Oota and 
bi~colleagueq~~~~whichshowedthat ribosomal RNAmaybetransportedfromthecotyledons 
to the hypocotyl of hean (Via2 sesqrdpedalis) and by that of Iodoux and Huart” which 
demonstrated that in barley, exogenously labelled RNA is transported via the endosperm to 
the embryonic axis. In the lat%er case the amount of RNA translated during a 5 hr period 
incmased progressively with time and corresponded to the normal RNA increase in the 
embryonic axis during this period. It would therefore be logical to conclude that the initial 
RNA loss from rye endosperms occurs by translocation rather than by phosphodiesterase 
activity, which in any case has not been derno~~~ at this early stage of germination. 

The subsequent increase in RNA indicates a net synthesis; passably auy translocation 
of RNA would be continuing and at an increasing rate as more tissue becomes hydrated with 
time. The RNA synthesis must take place in the hydrated regions, that is, in the aleurone 
layers and peripheral cells of the starchy endosperm. 

It has been demonstrated that enxymes involved in the &gradation of endospermic food 
reserves tend to originate from the aIeurone layers. It is tberefore attractive to assume that 
the RNA synthesis, recorded in the endosperm, is intimately associated with de i)lovc enxyme 
synthesis, but much further work is required to prove this. 

The subseqnent loss of RNA from the endosperm must be associated with complete 
hying end the gradual increase in the activity of phosph~t~~~ which must result 
in the depolymerization of physiologically inactive RNA; in addition some possible RNA 
translocation is also probably occurring. 

The comparatively rapid increase in the RNA content of the scutellum during the first 
few hours of imbibition appears to correspond to the loss of RNA from the endosperm, and 
thus lends support to the translocation concept. 

A de now, synthesis of RNA has been shown to occur in the ~~~.lz Cherry and 
Hagema# fouud that the increase in scutellum mitochondrial RNA was not only the result 
of a larger mitochondrial pellet but also a result of a net increase in RNA content. The 
r~tion~p between oxidative phospho~~tion and RNA is not clear but Hanson” showed 
that alone treated with RNase lost tbeir activity and he also observed the fo~tion 
of holes in the mitochondrial membrane. F&man et a1.l’ have shown that substantial 
enzymic activity develops in the scutellum and demonstrated the absorption of glucose from 
the endosperm and its conversion into sucrose in the scutellum. The production of agmylase 
in the scutehum is also well known. It therefore appears that the metabolic activity of the 
~~~ is complex, and in the results presented here the role of RNA is not clear, ~thou~ 

9 Y. OWA and 5. osAW& Ezqh?rieantla 10,254 (1953). 
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l1 L. Jam&x sad Et. HUART, 3io&m. et l#fq&w, .&u til, 185 (1962). 
‘~J.H.CHEB_EY~~~RH. Izku3wm, P~~~l* * 163 (1961). 
13 J. B. HAwoN,& Bfd. Chiwn. 234,1303 (1958). 
l4 J. lbmt+w, s. I. fhxmco and A. J. Ibws, J. Ekp m 10,178 (1959). 
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part of the initial increase in the RNA content of the scutelhun could be a result of de rwvo 
synthesis, aud part could be derived from the endosperm as its RNA is being transferred to 
the embryonic ax&. The loss of RNA from the scutelhuu after the tit few hours of im- 
b~~~~~bly a combination of degradation and elation of phy~olo~~y 

* 

The mbsmtial increase in RNA coutent of the @mule and radicle during the East 8 hr 
of imbibition must be a result at least in part of a de nova synthesis; it is evident that the 
increase is not a result of translocation from the endosperm and scutellum. The de novo 
synthesis could be associated with DNA replication and the substantial increase in cell sixe 
which occurs during the first few hours of imbibition. 

synthesis of enzymes associated with DNA replication is almost certainly required, 
although no proof of such enxyme production has yet been presented for higher plant tissues. 
When the tuber cells of Jerusalem artichoke are stimulated to divide, a rapid synthesis of 
RNA and protein occurs prior to division. l5 After division the RNA content per nucleus 
falls and does not rise again, ~~0~~ cell division anon. The metabolism of RNA in 
the embryonic axis reported here is ant to explain unless a situation exists which is 
similar to that in the artichoke. The fall in RNA content in both phtmule and radicle after 
DNA replication strongly suggests an active role for RNA in the process of DNA production 
and initiation of cell division at the onset of germination. The subsequent sustained increase 
in RNA content of the embryonic axis is a result of the increased cell number. 

Se_& CSW& (Var. Ring n) seeds, kindly upped by R Gunson (Seeds) Ltd., London, 
were soaked in deionixed water for 24 hr, unless analysed More this time, and then sown 
in moistened vermiculite. ~tio~ was allowed to take place at 28” in darkness. At 
harvest~~~killedbyptunging~~hdmethanol. Materialwasstoredinmethanol 
at O-2”. Seedlings were carefully dissected into endosm scutellum, phmmle and radicle. 

Extraction 

Tissue samples, equivalent to between 180 end 250 mg dry weight, were homogemxed in 
85% methanol with a m&r and pestle. The homogenate was extra&d by the modSed 
Schmidt and ~~ procedure described elsewhere.8 Each horno~~ was extracted 
at 2” with 5-7 ml portions of ~~or~ a&& 90 % ethanol saturated with sodium acetate, 
and ethanol. The residue was made lipid-free by extraction with the follow&g solvents at 
roomtemperature:ethanol:chloroform(3:l)twice,ethanol:ether(l: 1)once,andetberonce. 
The resulting air-dry, cold acid-soluble, lipid-free powder was extracted with O-5 N KOH at 
28” for 16 hr. This treatment converts the RNA ahnost completely into mononucleotides but 
leaves the DNA su&iently unchanged that it can be precipitated by aciditjing the cooled 
extract with 70 ok HClO, to pH 1 and mixing with 2 volumes of ethanol at 0”. The precipitate, 
collected after 90 min, was washed with cold 09 N HClO,, and extracted with O-5 N HClOb 
pit 70” (three times) to extract DNA. The RNA fraction was purified by adsorption on and 
elution from charcoa followed by a second portion step on Dowex 1 x 4 Cl.** r6 

15 G. !Smmamm, Sm. Sot. I&p. I#ol, 17,98 (1963). 
‘6R.M.-andG.KBOIROV. am. .I. Bomy 38,31(1960). 
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DNA was estimated by the Burt~n~~ modifkation of the diphenylamine reaction, and by 
U.V. spectrophotometry. RNA was estimated by difference in absorption at 265 rnp and 
290 rnp. 

All chemicals used were of A.R. grade or of the highest purity available. Highly poly- 
merized yeast kNA (British Drug Houses Ltd., Poole, Dorset, England) and highly 
polymerized DNA (Worthington Chemical Co., U.S.A.) treated in the same manner as 
the extracts were used as standards. 
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