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,&trad--Thc methods available for the extraction and estimation of oucleotides and nucleic acida have been 
applied to a variety of plant tissues. It has been shown that, with the tissues investigated, either aqueous 
ethanol or dilute perchloric acid could be used to extract the soluble nucleotides. Components other than 
nucleotidcs contributed to the 260 rnp optical density of the extract, and with most tissues only 20 to 30 per 
cent of the optical density was due to nucleotide material. Although pm%catioo of the oucleotidts in the 
extract was attempted by various procedures, such as precipitation of the oucleotides as insoluble salts, exm 
tioo of pigments with organic solvents and ionexchange treatments, no suitable general method was found. 
The separation into individual nucleotides by ion-exchange chromatogmphy was the only reliable way of 
estimating the oucleotide content of a tissue. 

The Schmidt and -user prccedure was the only general method suitable for the extraction of 
nucleic acids from plant tissue. Purification of the RNA monooucleotides before estimation was essential, but 
the anionexchange treatment described by Smillie and Krotkov did not remove all the material which inter- 
fered with the e&nation of the RNA by phosphate or ribose content. The separation of the mononuclaotidcs 
by ion-exchange chromatography provided the most reliable method of Mixnation. The DNA content of the 
tissue as estimated by the Schmidt and Thannhauser method was considerably lower than that obtained by the 
direct, hot acid extraction of Schneider, due in part to an incomplete precipitation of the DNA after alkaline 
hydrolysis. The Schneider method was suitable for the estimation of RNA under special condit.ions, such a.g in 
tissue homogenates containing no cell debris or nuclei, while the Ogur and Rosen procedure appeared to be 
more useful as a me&d of RNA fractionation than for the quantitative measurement of RNA. 

INTRODUCTION 

DURING an investigation of nucleotide and nucleic acid metabolism in germinating barley 
and maize, difficulty was experienced in applying the standard methods of extraction and 
estimation. Despite the large body of literature on this subject, problems still remain in 
choosing methods for a quantitative analysis of nucleotides and nucleic acids in plant material. 
Two problems are involved; one, the extraction of the compounds, and the other, the esti- 
mation of these compounds in the extract. Although the nucleotides or nucleic acids in an 
extract may be estimated by the optical density at 260 mp (260. OD), the phosphate content or 
the sugar content, none of these methods are entirely specific for the nucleotide or nucleic 
acid structure, consequently the success of the estimation is dependent on the quantity and 
the nature of other components present in the extract. 

The data, obtained from a comparative study of the extraction and estimation of nucleo- 
tides and nucleic acids from plant material by the standard methods, are presented, and the 
significance of the results discussed. 

l Part of this work was done in the Agronomy 
Grant 791 from the Atomic Energy Commission. 

Department of the University of Illinois, supported by 

t Present address, Department of Botany and Plant Pathology, Purdue University, Lafayette, Ink. 
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EXPERIMENTAL RESULTS AND DISCUSSION 

The Soluble Nucleotides 

Soluble nucleotides are normally extracted from a tissue with either aqueous ethanol or 
dilute acid. Ethanol, widely used for the extraction of nucleotides from micro-organisms, 
has not been extensively used for other material, presumably because of difficulties caused by 
the co-extraction of pigments. Tissues containing pigments are normally extracted with cold 
dilute acid, either per&lot-k or trichloracetic acid. The optical density at 260 rnp is then 
used to calculate the nucleotide content of the extract. 

In this section ethanol and cold acid are compared for their efficiency and selectivity in 
extracting soluble nucleotides, and the use of the 260. OD of an extract as a measure of its 
nucleotide content is evaluated. 

I. The Extraction of Soluble Nucfeotidks 

The removal of additional nucleotide material by cold acid from yeast previously ex- 
tracted with ethanol,’ suggests that acid may be more efficient than ethanol for the extraction 

Tmtxl. THBZXTR4cTIONOPNtJ ctxormm AND xmowcrmc ~cro PROM Toridopsis util& 
The rcaults, expressed as percentages of the total 260. OD extracted, are the mean of two experiments. 

Procedure 1 Procedure 2 
, % 

Fresh Lyophiked Fresh Lyopbiked 
Extraction procedure T. i&is T. t&is Extra&on proeedum T. utills T. ati& 

(Nuckotidea) 

5 % HClOh4” 
Sii sucoeasive 15 

min extra&on 
13.3 

periods 

i 

3.1 
4.7 
2.0 
1.3 
1.2 
I.0 

($?A)__ __ 
5 % HCIQ, 4” 
Three aucomaive 

12-hr extra&ion 

periods 
Alkahne hydrolyaiat 5.9 

Tll*O 

I 3.6 

20.6 ;:; 

i 
1.4 
1.7 

41.8 

(Nueleotides) 

60 % Ethanol, 4” 
Six succ4reaive 30- 

min extraction 
periods 

5 % HCIO4.4” 
Six or eight sue- 

eeeaive 15-min 
extraction periods 

(RNA) 
5 % HCIO4,4’ 
Three suwe&ve 

12&r extraction 
periods 

Alkaiine hydrolysis 

f&l 
2.4 

13.7 ;; I. 

I 

22.4 
61.8 325 

6.9 

5.2 23.5 

l Maximum in extraction series. 
t See Table 7 for details. 

of soluble nucleotides. Since, however, cold acid of a similar concentration will extract 
RNA,2 it is necessary to establish whether such additional material represents part of the 
soluble nucleotide content, or if it is simply the beginning of RNA extraction. 

1 G. m J. W. D~vtxs and R. PARSONS, Nutrcre 182.1565 (1958). 
a M. Oocx and 0. ROSEN, Arch. Biochem. 25,262 (1950). 
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Two extraction procedures, cold perchloric acid (procedure l), and cold ethanol followed 
by cold perchloric acid (procedure 2) were compared for fresh and lyophilixed yeast (Table I). 

F&S/J ye&. The same amount of nucleotide material was removed by acid and ethanol 
from fresh yeast. Additional nucleotide material was, however, removed by following the 
ethanol treatment with acid extraction (Procedure 2), and the presence of a maximum value 
in the extraction series (Table 1) suggested a definite nucleotide fraction, rather than the 
beginning of the extraction of the bulk of the RNA. The ethanol treatment was necessary to 

EXTRACTION NUMBER. 

Fio, 1. m JXIRACXlON OF DAY 3 3ARLEY EMBRYOSWWiiVARWNCSCONCENTRA TioNsoFpERcHLaRlc 
ACID. 

8 g fresh weight of tissue was extracted for four successive 15 min periods with 50 ml cold pcrchloric 
acid. 

render this material acid-soluble, since it was not removed by direct acid extraction. An 
analysis of the material extracted by acid following an ethanol treatment, showed that it 
consisted of polynucleotide material,3 (Gilbert and Ingle, in preparation) and was thus more 
closely related to the RNA of the cell than to the soluble nucleotides. (This fraction of poly- 
nucleotide material is further discussed in the nucleic acid section of this paper,) 

Lyq&ik~4 yeast. Both acid and ethanol removed more nucleotide material from lye- 
philized than from fresh yeast. Extraction with acid following the ethanol treatment again 
removed more nucleotide material, but as there was no maximum value in the extraction 
series, this represented the beginning of RNA extraction, rather than the extraction of a 
discrete fraction of material. 

3 J. INCiLE, Ph.D. Thesis, Bristol (1961). 
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The extraction of 3 day-old etiolated corn embryos by these two procedures showed that 
both acid and ethanol removed similar amounts of ultraviolet absorbing material, but no 
additional nucleotide fraction was removed with acid following the ethanol extraction. 

The rate at which ultraviolet absorbing material was released from 6 day-old barley 
embryos was compared for three concentrations of perchloric acid (Fig. 1). The two lower 
concentrations of acid, O-2 N and O-6 N, extracted similar amounts of 26O.OD, while the 
highest concentration, 1.7 N, extracted considerably more. An examination of the rate of 
extraction suggested that whereas with the lowest concentration the extraction approached 
the theoretical case of a simple partition of material between the extractant and the tissue, at 
higher concentrations a second component, presumably RNA, was being extracted from the 
tissue. 

With the tissues studied, both ethanol and acid remove similar amounts of ultraviolet 
absorbing material, and ion-exchange separations of the ethanol and perchloric acid extracts 
of fresh yeast have shown that both contain an almost identical nucleotide composition. 
Direct extraction with cold dilute perchloric acid (4”, O-2-0.6 N) for short periods of time 
(30-60 min) does not remove any RNA. However, any additional nucleotide material ex- 
tracted with acid after an initial ethanol treatment, appears to belong to the RNA complement 
rather than to the soluble nucleotides. 

2. The Estimation of Soluble Nucleotide Content 

(a) Estimation by 260.0 D. The 260. OD of the extract is usually the basis of methods for 
estimating nucleotide content, although sometimes a correction is made by taking the differ- 
ence between the 260 rnp and the 280 or 290 rnp optical densities. Even with an ethanol 
extract of yeast, the spectrum of which (Fig. 2A) approaches quite closely that of a pure 
nucleotide mixture, only 60 per cent of the 260. OD of the extract was recovered as nucleo- 
tides in the eluate from ionexchange chromatography, as described by Ingle.4 This nucleo- 
tide recovery was 80-90 per cent if the 260. OD of the extract was corrected for contamination 
by subtraction of the 280. OD ,but any such correction is arbitrary since the spectral charac- 
teristics of the contaminants are unknown. Thus, even with yeast, a nucleotide estimation 
based on the 260. OD can be very inaccurate. 

The nucleotide content of a perchloric acid extract of 6 day-old barley embryos, as esti- 
mated from the 260. OD, was several times greater than that determined by ion-exchange 
separation into the individual nucleotides. The spectrum of the acid extract (Fig. 2B) had a 
maximum at 270 rnp, instead of 260 rnp, and a second smaller peak at 320 mp. The shift of 
this peak towards the yellow, from 320 to 380 rnp when the extract was made alkaline, sug- 
gested that flavonoid material was responsible for this absorption. The isolation of this com- 
ponent from the extracts showed that it also absorbed heavily at 260 mp, and in fact accounted 
for 30 per cent of the 260. OD of the acid extract. The results of anion-exchange separations 
of acid extracts of day 3 and day 6 seedling tissue are summarized in Table 2. The total 
recovery of 260. OD from the column was only 68 and 76 per cent respectively, and this was 
distributed between four major fractions : material washed straight through the column which 
included non-phosphorylated derivatives of purines and pyrimidines, the flavone peak, 
peak R (a non-nucleotide peak) and nucleotide material. The total content of purine and 
pyrimidine derivatives, both phosphorylated and non-phosphorylated, represented only 
35 per cent and 21.5 per cent of the 26O.OD of extracts of day 3 and day 6 seedlings. 

4 J. INGIX, Biochim. Biophys. Acta 61,147 (1962). 
5 T. B. GAGE, Q. L. MORRIS, W. E. DFI?Y and S. H. WENDER, Science 113,522 (1951). 
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Estimation of the nucleotide content in a 5 per cent perchloric acid extract of etiolated 
maize embryos presented an interesting problem, since not only did the extract contain 
pigments, but the spectral characteristics of the extract changed with time (Fig. 2C). The 
260 rnp peak, the value upon which the nucleotide estimation is based, decreased with time, 
and by 20 hr had disappeared. Changes in the 260-290 rnp absorption, a value which has 
been used for the estimation of nucleotides in acid extracts of corn seediings,e-s were even 
more marked than those of the 260. OD. The rate of change of the 260. OD and the 26% 
29O.OD was dependent on the temperature, concentration and pH of the acid extract; 

i 
: 

Ro. 2. Tm? !wKTRA OF SoLunLB NucLEoITDB QrrItAm. 

A. An ethanol extract of Torulopsis utilis. (60% ethanol, 4”). 
B. A percbloric acid extract of day 6 barley embryos (5 % HClO4,4”). 

1. ExtractatpH 12. 
2. Extract at pH 2. 
3. Flavone component of extract, pH 12. 
4. Flavone component of extract, pH 2. 

C. A perchloric acid extract of day 3 etiolated corn embryos (5% HClO4,49. All spectra were 
determined at pH 2, and extract was maintained at room temperature (30”). 

1. Determined directly after extraction. 
2. Determined 8 hr after extraction. 
3. Detesrnined 21 hr after extraction. 

dilution with water and reduction of the temperature greatly decreased the rate of change. 
The total recovery of 260. OD from anion-exchange resin, which adsorbed most of the pig- 
ment, was only 30-40 per cent, and of this, 45-50 per cent was non-nucleotide material, 
leaving nucleotides to account for only 20 per cent of the 260. OD of the original extract. 

(b) ~sti~uri~~ by sugar or ~~~sp~re confer&. Of these two other possible methods of 
estimating nucleotide content, determination by ribose content was impossible due to the 
presence of other carbohydrate material which interfered with the orcinol determination. 
Total phosphate was little better as a method of estimation, since a high percentage of the 

6 J. H. CHeRRv and R. H. HAOEMAN, Piant Physioi. 36,163 (1961). 
7 J. H. WY, R. H. HAOEMAN, J. N. Ru%g~ and J. B. JONES, Crop S&me 1,133 (1961). 
8 J. B. HANSON, A. E. VATIXR, M. E. m and R. F. Brxs, Apron. J. 51,295 (1959). 
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total phosphate was inorganic, and of the organic phosphate only about 20 per cent was due 
to nucleotides. 

Although neither the 260.OD nor the total phosphate content of an acid extract agree 
quantitatively with the nucleotide content as estimated by ion-exchange separation (Fig. 3A), 
these values are frequently used to indicate the qualitative changes in nucleotide content of a 

T.uuzZ. As uMMARYOFTHEREsuL'IsOPION-ExcHANGEsEPARAnONS 
OFPERcHLGnICAcIDExTRAmOP BARLJJYEMBRYGS 

Lyopbilized day 3 and day 6 embryo tissue was extracted for three 
lknin periods with cold 5 % percbloric acid, and tbe components 
of these extracts were then separated by ion-exchange cbromato- 

grapby. 

260.OD/100 embryos 
, \ 
Day 3 Day 6 

Original acid extract 262 830 
Ion-exchange separation: 

Water wash; 
Non-nucleotide 40 114 
Pmine and pyrimidine derivatives 46 70 

Eluate from column; 
Flavone 223 
PeakR :: 
Nucleotide 46 :z 

Total recovered 177 635 
Total nucleotides + purine and 

pyrimidine derivatives 92 178 

tissue. Figure 3B shows, however, that neither of these values give a very accurate picture of 
the changes in nucleotide content which occur during the germination of barley. 

3. Purification of the Soluble Nucleotidks 

The spectral data and the ion-exchange separations show that several groups of com- 
pounds contribute to the 26O.OD of the extract, and for the determination of nucleotide 
content it is therefore necessary to isolate the nucleotides from the other components in the 
extract. 

The insolubility of nucleotides, as the mercury salts in 50% ethanol9 or as the calcium 
salts in ethanol-ether,rO has been used as a method of purikation. This method was not, 
however, readily applicable to ethanol extracts of plant tissue. 

Although it is diEcult to isolate the nucleotides from the extract, it is possible to remove 
certain contaminating components. Extraction with ether or chloroform removed most ofthe 
pigment from an acid extract, reducing the 260. OD of an etiolated corn extract by 50 to 
70 per cent. Attempts to remove flavonoids and brown pigments from the extract with cation- 
exchange resins proved impracticable due to a concomitant exchange of certain of the nucleo- 
side monophosphates by the resin. 

The nucleotides may be purified by absorption and bulk elution from an anion-exchange 
resin, but the usefulness of this method is dependent on the absence of any other components 
which would be coeluted with the nucleotides. The separation ofthe nucleotides in an ethanol 
extract of yeast 4 showed that in this case a bulk elution of the nucleotides would give a true 

9 R. CAPIJ-ITG, I_.. F. Lamt, C. E. CARDN and A. C. PALADINI,J. Biof. Gem. 184,333 (1950). 
10 H. O. PONTIS and N. L. BLUMWM. Biochim. Blophys. Acfu 27,618 (1958). 
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evaluation of the nucleotide content, since only nucleotide material was eluted from the 
column under those conditions. With an acid extract of barley embyros, however, much of the 
material eluted from the resin was non-nucleotide in nature. 

I. i! 

I 
s 

0 3 6 9 0 3 6 9 

AGE OF SEEDLING, doys. 

Fro. 3. THE CHANQES IN SOLUBLE CON- DURING THE GERMINATION OF BARLEY. 

The soluble constituents were extracted with cold 5 % HClOd. 
A. The absolute values obtained. 
B. The values expressed relative to the day 0 value. 

1. Nucleotide content. determined from an ion exchange separation of the extract. 
2. 26O.OD of the extract. 
3. Total phosphate content of the extract. In Fig. 3A the pg P have been converted to a 

260. OD value by using an arbitrary millimolar extinction coe55ent of 14. 

The chromatographic separation of the individual nucleotides has proved to be the most 
satisfactory method for the estimation of nucleotide content. The variety of interfering com- 
pounds in an extract normally prevents the direct estimation of nucleotides by 260. OD, 
phosphate or ribose content, and no suitable simple purification procedure has been found. 

THE NUCLEIC ACIDS 

This paper is restricted to problems encountered in the extraction and estimation of 
nucleic acids from plant material, since an extensive literature exists for the extraction of 
these compounds from other tissues, as illustrated by the excellent review of Hutchinson and 
Munro.11 Nucleic acid extracts from plant material invariably contain high concentrations 
of substances which interfere with the 260. OD, sugar and phosphate estimations, and the 
usefulness of an extraction method thus depends largely upon the ease with which the nucleic 
acid component can be purified before estimation. 

The Extraction and Estimation of RNA 

Methods which have been developed specifkally for the extraction of undegraded nucleic 
acid are not quantitative,r*~ 13 and will not be considered here. Quantitative extraction of 

11 W. C. H UTCHISON and H. N. MUNRO, Analyst &5,768 (1961). 
12 K. YAMANA and A. SIBATANI, Biochim. Bbphys. Acru 41,295 (1960). 
13 F. F. DAVIS and F. W. ALLEN. J. B&i. Chem. 227,907 (1957). 
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RNA is usually obtained only by degradation of the macromolecule, using either hot or cold 
acid, or alkali. 

1. Extraction of RNA with Cold Acid* 

Many doubts have been expressed concerning the quantitativeness of RNA extraction 
with cold acid.” Work done in this laboratory suggests that part of the variability of this 
method is that the rate of RNA extraction is dependent not only on the kind of tissue, but also 
on the treatment which the tissue has undergone prior to this extraction. This is illustrated 
by the data in Table 1 (Procedure 1). With fresh yeast, three 12-hr extractions with cold 5 % 

T,uux 3. TIIE EFFECT OF DlFFaWNT DJlTrAL TMAlMENlX ON TF5 E)[TRACllON OP RNA PROM DAY 3 
ETIOLASED CORN EMBRYOS BY COLD PWCIiLoluC ACID 

Samples were taken from an homogenate of embryo tissue and extracted by one of four procedures. The lipids 
were removed in procedure 3 with cold ethanol, followed by hot ethanol-ether (3: 1) and hot ether, and in 
procedure 4 with ethanol-ether<hloroform (2: 2 : 1) at room temperature. Total nucleic acid was extracted 

from duplicate samples with 5 % HClO4,70”, 40 min. 

2600D of Extract 

‘kX!edUrel procedure 2 procedure 3 procedure4 * 

A. Initial Treatment of Sample. 
Soluble nucleotide 

i 

3xt%%EtOH. 
extraction 0”. 30 min 

3xS%HClO4, 
O”, 15 min 

Lipid extraction - 
- 

B. Extraction of Nucleic Acids 
Total nucleic acid 23.2 
Extraction of RNA 
5 successive 12 hr ex- 1 7.4. 

tractions with 2 3.78 
N HClO4.4” 3 I.0 

4 0.5 
5 0.5 

t Summation 11.1 
‘A Total nucleic acid 48 

- 

3x5%HClO4, 
0”. 15 min 

24.1 22.8 23.4 

8.5. 
5.9. 
1.6. 
1.1 
1.1 

16.0 
66 

5.9’ 
5.4. 
1*5* 
0*8+ 

15:;’ 

63 

4*2+ 
6.5. 
3.3’ 
1.7. 
1.3. 

17.0 
73 

- - 

3x5%HClO4, 3x5%HC104, 
0”. 15 min 0”15min 

Ethanol-ether E-E-C 
Acid wash, 0” Acid wash, 0” 

t Only those extracts having a 260 rnp peak were included in the summation. 

perchloric acid removed 95 per cent of the RNA, whereas with lyophilized yeast only half of 
the RNA was removed by comparable extractions. 

A further study was made of the effects of different initial treatments on the extraction of 
RNA from etiolated corn embryos by cold perchloric acid (Procedures l-4, Table 3). The 
extraction of a duplicate sample of material with hot acid showed that the different initial 
treatments did not affect the extraction of total nucleic acid. However, with cold perchloric 
acid (used for five successive extraction periods of 12 hr each), the largest amount of RNA, 
representing 73 per cent of the total nucleic acid, was removed from tissue which had been 
defatted with the ethanol-ether-chloroform mixture (Procedure 4), whereas only 48 per cent 
of the total nucleic acid was removed from the tissue previously extracted with ethanol and 
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perchloric acid (Procedure 1). The rates of extraction were such, however, that had 12 rather 
than 60 hr been used as the extraction period, then Procedure 4 would have removed much 
leas than Procedure 1. 

Other experiments have shown that the RNA initially extracted by perchloric acid from 
lyophilized yeast dithered from the bulk of the acid-extracted RNA in base composition, and 
probably in physical structure (Table 4). These data, together with the high metabolic activity 

T.us~ 4. T-Ha FXMkACI-ION OF RNA FROM YB.A!X Wnn COLD 5% PERCHLORX ACED 

Two samples of Iyophilized yeast were extracted with 60% ethanol (3 x 30 min. 0”) to remove solubIe nucleo- 
tides. One sample was then extracted with alkali (N KOH, 2S”, 24 hr) to give the total RNA, and the RNA of 

the other sample was removed by a series of acid extractions (S % HClO4,4”). 

Percentage of 
RNA degraded to 

Percentage Composition of RNA* monon~l~tides 
of duringacid 

total RNA CMP AMP GMP UMP extraction 

Alkaline Extraction 
Total RNA - 23.6 24.0 27.2 252 - 

Acid Extraction 
Fraction 1 3-l 15.9 20-6 36.1 27.8 43-5 
(Extraction time of 1 hr) 
Fraction 2 66.9 22-z 20-9 25.4 31.6 145 
(Extraction time of 2s hr) 

* The composition was determined after alkaline hydrolysis of the RNA, and is expressed as moles per 
100 moles of the four nucleotides. 

observed for the polynucleotide fraction isolated by perchloric acid from fresh yeast,” 
(Gilbert and Ingle, in preparation), suggest that the extraction of RNA with cold perchloric 
acid is probably more useful as a method of RNA fractionation *4*is than for the quantitative 
estimation of RNA. 

2. Extraction of RNA with Hot Acid 

The Schneider extraction procedure,16 in which total nucleic acid is extracted with hot 
acid, and the RNA and DNA are measured by means of the differential calorimetric sugar 
reactions, is diEcult to apply to most plant materials, since the excess of carbohydrate in such 
material interfers with the orcinol determination of ribose. In the present investigation with 
barley embryos, estimates of RNAcontent based on the or&o1 est~ation of ribose in a hot 
perchloric acid extract were up to a 100 times too high. The RNA could not be estimated 
indirectly as the difference between total nucleic acid and DNA, as estimated by the diphenyl- 
amine reaction, since neither phosphate content nor 260. OD gave reliable estimations of the 
total nucleic acid content of the extract. 

Hot acid extraction has, however, been used for the me~~ement of RNA in plant material. 
Hanson, et al.* estimated the nucleic acid content (RNA) of corn mitochondria from the 
260. OD of a hot acid extract, and this method has also been applied to the estimation of RNA 

14 E. BASLER and K. N AKAZAWA, &tan. Car. 122,238 (1961). 
*s J. K. Havm, Z’roc. Roy. Sot. (B) 152,218 (1960). 
16 W. C. S-DER, J. RioI. Chem. 161,293 (1945). 
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in corn and soybean seedling homogenates from which cellular debris and nuclei (i.e. DNA) 
had been removed by low speed centrifugation .6* 7117 A comparison has been made between 
RNA content as extracted and estimated by this method, and RNA content as measured by 
alkaline hydrolysis and anion-exchange puriiication. The most striking result from this 
experiment was that clearing the homogenate of cellular debris and nuclei not only removed 
most (86 per cent) of the DNA, but also removed 55 per cent of the RNA (Table 5, Pro- 
cedure 1). The percentage of nucleic acid lost in this method could be reduced by a more 
thorough homogenation, and a situation could be reached where the whole homogenate was 
put through the extraction procedures, as in the case of the homogenization in perchloric 

TABLE 5. A COMPARISON OF THE EXTRACTION OF NUCLEVZ ACIDS BY HOT ACID OR BY ALKALI 

Samples of 3 day-old etiolated corn embryos were homogenized in @5 M sucrose or 5% HClO4. The 
sucrose homogenate was cleared by centrifugation,r and aliquots of the supernate and debris, and of the whole 
acid homogenate, were extracted by two procedures. Soluble nucleotides were rcmoved with 5% HClO4 
(3 x 15 min. 0”) and lipids with ethanol&her-chloroform (3 x 15 min. 25”). In Procedure 1 the RNA was 
extracted by alkaline hydrolysis (N KOH, 25”. 24 hr) and the acid precipitate was extracted with hot acid 
(5 % HClO4,70” 40 min) for DNA. In Brocedure 2 both RNA and DNA were extracted with hot acid and then 
the residue was extracted with alkali to remove any remaining RNA. 

The RNA content of the acid extracts was calculated from a standard curve of similarly treated yeast RNA 
(260-2%. OD x 48). and the alkaline extracted RNA was estimated on the basis of a theoretical tetranuclaotide 
structure (26O.OD x 31.7-see Table 7). DNA was estimated by the diphenylamine procedure. 

Procedure 1 Procedure 2 
c \ r \ 
Extraction pg RNA pg DNA Extraction pg RNA pg DNA 

Whole 
homogenate 

Supernate 

Debris 

KOH 
HC104 

Total 
KOH 
HC104 

Total 
KOH 
HC104 

Total 

1015 
0 

1015 
505 

0 
505 
622 

62; 

- HC104 
37 KOH 
37 Total 
- HClO4 

: 
KOH 

Total 
- HC104 
31 KOH 
31 Total 

865 72 
180 - 

1045 72 
538 8 

0 - 
538 
258 : 
282 
540 60 

acid. Although hot acid extraction (Procedure 2) was sufficient to remove all the RNA from 
the cleared homogenate (no further RNA was removed by subsequent alkaline hydrolysis), 
17 per cent was left in the whole homogenate, and 52 per cent in the homogenate debris. 

Although the spectra of the alkaline extracted RNAs were reasonably constant, the spec- 
trum of the hot acid extract varied for the dilferent samples, and the 250/260 and 280/260 
optical density ratios, which give a good indication of the shape of the 260 rnp peak and hence 
the extent of contamination in the extract, are given in Table 6. Only from the cleared homo- 
genate were the spectral ratios of alkaline and acid extracts similar. The spectrum of the acid 
extract of the homogenate debris had no 260 nq.~ peak. 

Hot acid can be used for the extraction of RNA from a cleared homogenate, but the action 
of clearing removes a considerable portion of the total RNA. A more thorough homogena- 
tion gives a higher recovery of RNA in the supemate, but the inclusion of nuclear fragments 
necessitates a correction for DNA content. Furthermore, with the inclusion of more cellular 

t7 J. L. KEY and J. B. ~NSON, Plant Physiol. 36, 145 (l%l). 
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tissue, the hot acid does not extract all the RNA, and in addition, the nucleotide character of 
the spectrum is lost. 

TALuE6. THE spEcTwcHAEAcmEIEIlcs0PIiurAcIDAND0FALEALrNE ExraAcm 
OF JXIOLAT’ED CORN EMBRYOS 

The extracts are those of the experiment described in Table 5. 

Whole homogenate Supernate Debris 
optical t 
density KOH HCl04 KOH HCl04 KOH HC104 
ratios (Procedure 1) (Procedure2) (Procedure 1) (Procedure2) (Procedure 1) (Procedure2) 

2501260 O-85 O-93 0.80 0.84 0.82 
2801260 0.69 @87 066 0.65 0.67 

The 2501260 and 280/260 ratios of a standard solution containing equimolar proportions of the four RNA 
nucleotides are @78 and 0.65 respzctively. 

3. Extraction of RNA with AIkaIi 

The Schmidt and Thannhauser procedure, 18 based on the difference in chemical structure 
between RNA and DNA, is theoretically the most satisfactory method for the extraction and 
separation of the nucleic acids, and the details of this procedure are adequately discussed by 

TABLE 7. THE ESllMA’rrON OF RNA PROM BARtEy EMBRYOS, WITH AND WITHOUT 
ANION-W-B BULK FUIUFICATION OF THE - IiYDROLYsAlE 

Nucleotid~frce, lipid-free powder of day 6 embryos was hydrolysed with N 
KOH, 25”. 24 hr. Part of the hydrolysate was then puritied using the pro- 
cedure of Smillie and Krotkov;~ the aciditkd hydrolysate was concen- 
tratedtoafewmlandnmontoaDowex1, x1O,Cl-column,5cmxO~5ans, 
at pH 7-8. After washing with O-01 M NaCl, the nucleotides were eluted 

with N HCJ containing 2-3 % NaCl. 

pg RNA (tetranucleotide)* 
, 

Estimation based on original hydrolysate Anion exchange eluate 

26O.OD 
Total phosphate 
Ribose 
Total nitrogen 

Brown solution 
1,370 

81,080 
5,560 

965 
1,305 
1,660 
1.640 

l If RNA is assumed to be a linear chain consisting of tetranucleotide 
units, each unit containing one molecule each of AMP, GMP, CMP and 
UMP, then it can be calculated that 1358 pg RNA contain 600 pg ribose (of 
which 380 pg will react under the normal conditions of the orcinol reaction), 
124 p.g phosphorus, 210 pg nitrogen and will have a total 26O.OD of 42.8. 

Hutchinson and Munro.rl Determination of the RNA content by the direct estimation of 
260. OD, ribose or phosphate in the acidiikd alkaline hydrolysate, while satisfactory for 
most animal tissues and micro-organisms, is not feasible for plant tissue. Purification of the 

18 G. SCHMIDT and S. J. THANNHAUSER,~. Biol. Ckm. 161.83 (1945). 
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RNA nucleotides in the hydrolysate is required. Deken-Grenson and Dekent9 and Smillie 
and Krotkov29 have used anion-exchange resin for the purification of the nucleotides, and 
found good agreement for RNA content as estimated by 260. OD, ribose or phosphate after 
this treatment. The use of a short hydrolysis time, 1 hr instead of 15, to render the RNA acid- 
soluble without degrading protein, tt has not been beneficial with the plant tissues studied. 

Analyses were made to determine the efficiency of anion-exchange purXication29 of the 
RNA mononucleotides from the acidified alkaline hydrolysate. Table 7 presents data for the 
RNA content of an alkaline extract of barley embryos, calculated from 260. OD, phosphate, 

TABLE 8. ‘&IE JZSrIhiArION OF RNA CONTENT OF BARLEY EMBRYOB AND ENDoSPERM 
APfER ANION-EXCHANGE BULK PURIFICATION 

Results expressed as mg RNA (tetranucleotide) per 100 embryos or endosperms. 

mg RNA 

Ageofseedling(days) ’ 0 2 4 6 8 10 ’ 

Embryo 
Estimated by; 

260.OD 
Phosphate 
Ribose 

RNA (phosphate) 
RNA (260. OD) - 

RNA (ribose) 

RNA (260. OD) 

Endosperm 
E&mated by; 

26O.OD 
Phosphate 
Ribose 

RNA (phosphate) 
RNA (26O.OD) 

RNA (ribose) 
RNA (26O.OD) 

3.00 I.31 

2:s: 14.3 5.6 

1@7 lo.1 

3.75 2-56 

1.85 l-81 

124 14.2 12.4 
11.6 15.4 15.2 
20.2 23.4 25.6 

094 1.08 1.22 

I.63 I.65 207 

;:; 2.3 48 2.4 3.2 
9.3 7.1 10.2 

2.70 208 1.34 

2.73 3.09 4.25 

9-o 
10.4 
234 

1.16 

2-60 

0.8 
1.2 
7.4 

1.50 

9.20 

ribose and total nitrogen determinations, assuming the RNA to have a theoretical tetra- 
nucleotide structure. For pure RNA these estimates will of course agree closely, but for the 
alkaline hydrolysate the estimates differed widely, and even after anion-exchange bulk puri- 
fication the estimates were still different. 

Alkaline hydrolysis, followed by anion-exchange bulk pur%cation, was used to follow the 
changes in the RNA content of the embryo and endosperm during the germination of barley. 
The data (Table 8) showed that not only did the purif?ed eluates contain interfering phosphate 
and sugar com~~ds, but that the degree of interference varied with the stage of devetopment 
of the tissue. Interference with the ribose estimation was found from both embryo and endo- 
sperm tissue, the amount of interference increasing with the development of the tissue. With 

19 M. DBXBN-GIUMSON and R. H. DEKEN, Wochim. Bbphys. Actu 31,195 (1959). 
20 R. M. WILLIE and G. KR~TKOV, Can. J. Botany X&31 (1960). 
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the embryos, the phosphate estimate was in reasonable agreement with that of the 260. OD, 
in contrast the endosperm contained large amounts of interfering phosphate, particularly at 
the earliest stages of germination. 

The changes in the total RNA content of the barley seedlings over the ten-day germination 
period, shown in Fig. 4, are an excellent example of how the choice of a method can affect 
one’s impression of the metabolism of a tissue. On the basis of ribose estimation the total 
RNA increased twofold over the germination period; on the basis of phosphate estimation 
the total RNA decreased by half; and on the basis of 260, OD estimation the RNA increased 
to a maximum value at day 6 and then decreased. 

The RNA from several other sources was extracted, purified and estimated in an identical 
manner, Table 9. The ratios obtained for the sample of commercial yeast RNA approached 
unity, as expected for a purified product. The RNA eluates from the samples of Torulopsis 

I ’ . t I I 

0 2 4 6 8 IO 
AGE OF SEEDLING, dnys. 

FKi. 4. THE CI3ANGF.S IN THE RNA CQNIENT OF WHOLE SEEDLINGS DURING THJ3 QlZRhflNAllON OF 

BARBY. 

The RNA was extracted by alkaline hydrolysis, and estimated from 260. OD, ribose and phosphate 
determinations made on the eluate from anion-exchange bulk purification. 

utilis and Rhizopus sexualis both contained considerable impurities, particularly phosphate, 
but much of this interference could be removed by a partial dialysis of the hydrolysate before 
acidification. The results from pea roots showed that there was still considerable interference 
with the ribose estimation, but the agreement between phosphate and 260. OD estimates was 
good. 

For the range of material investigated, bulk elution of the RNA mononucleotides from 
anion-exchange resin gave only a partial purification, and RNA content based on ribose or 
phosphate estimates was usually considerably higher than that based on 260. OD. The best 
method of estimating the RNA is to separate and estimate the individual mononucleotides, 
and the RNA content and composition of a variety of tissues has been determined by the 
separation of the mononucleotides by ion-exchange chromatography.3 The 260. OD, 
phosphate and ribose content of the RNA, as obtained from the summation of the four 
nucleotide peaks, can be used to calculate the RNA content on the basis of a tetranucleotide 
structure. The values so obtained, relative to the 260. OD value, are the ratios which would 
be obtained from the anion-exchange resin treatment if the puScation of the nucleotides 
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by this method was complete. These values are given for a few samples in Table 10, and can 
be compared with those actually obtained after the anion-exchange bulk purikation. In all 
cases the ratios as calculated from the separated nucleotides approximated to unity, thevalue 
expected for a tetranucleotide structure. The 260. OD recovered from the separation as the 

TABLB 9. THE ESIPAATION OF RNA Co- OF DEFERENT hf~lgllIALs BY 26O.OD, 
IUBosB AND PIiosPIiATE DF2BRMIN ATIONS ON THE ELUAlE FROM ANION-JXCHANGB 

BULK PUTUFICATlON 

Yeast RNA+ T. utilis T. utilisf R. sexualis Pea roots 

RNA (phosphate) 
RNA (260. OD) 

RNA (ribose) RNA (26o.o~j 

1 .os 1.58 I.06 2.29 1.08 

1.11 1.22 1.08 1.69 1.85 

* Commexcial preparation of yeast RNA from British Drug Houses, Ltd. 
t The alkaline hydrolysxte was p&ally dialysed before acidification and 
plnification. 

(Dialysis against Hz0 for 8 hr at 25”. Twenty per cent of the nueleotides were 
recovered.) 

four nucleotides, relative to the 260. OD recovered from the anion-exchange bulk purification, 
varied a little, but it was obvious that an RNA estimation based on the 260. OD of the eluate 
from bulk purifkation would be within 10 per cent of the true value. 

T,+nre lo. A COMPARLWN OF RNA CXXWENT As BAseD ON ANION-EXCHANGE BULK PUIUFXCATION 

WllH THAT BASED ON THB SEPARATION OF TEE NUCWZOTIDJZS 

Material 

Anioncxchmp Summation of 
bulk purification separated nucleotides 

I , , , 26O.OD+ 
RNA (phosphate) RNA (rihose) RNA (phosphate) RNA (r&se) Recovery 
RNA (260. OD) RNA (260. OD) RNA (26O.OD) RNA (26O.OD) % 

Yeast RNA (B.D.H.) 
T. utilis 
Day 3 barley embryo 

(alkaGneextraet) 
Day 3 barley embryo 

(perehloric acid 
extract) 

1.05 1.11 0.98 106 102 
148 1.14 1.00 1.03 915 

1.02 148 1.02 1.08 105 

093 1.41 1.03 1.02 89 

l 260. OD recovered as the four nueleotides relative to the 260. OD recovered from enionexchange bulk 
puritieation. 

1. Extraction 
The Extraction and Estimation of DNA 

The DNA, solubihzed by alkaline hydrolysis in the Schmidt-Thauuhauser procedure, is 
separated from the RNA mononucleotides by acid precipitation. The precipitation method 
described by Smillie and Krotkov,20 where the alkaline hydrolysate was cooled, Mg2+ added 
to a final concentration of 10-S M, acidified to pH 1 or 2 with concentrated pcrchloric acid, 
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and mixed with an equal volume of 95 % ethanol, has given reproducible result.9 for the tissues 
studied. The DNA is then extracted from the precipitate by hot acid extraction. Roth 
1%min extractions at 90”, and 20-min extractions at 70” have been used, and no major dif- 
ferences have been observed, providing the standard DNA was subjected to the same pro- 
cedure. The di&ulty observed by Kupila et al.21 in the extraction of DNA by hot acid from 
mature plant tissue was not encountered with barley, and two 15-min extractions at 90” were 
found to remove more than 93 per cent of the total extractable DNA from both embryo and 
endosperm tissue. 

From Table 5 it can be seen that the estimation of DNA in a hot acid extract made prior to 
alkaline extraction (Procedure 2) was considerably larger than that estimated in a hot acid 
extract of material which had been precipitated by acidification of the alkaline hydrolysate 
(Procedure 1). This is in agreement with the report of Drasheru that with some tissues the 
DNA may be degraded by the alkaline digestion to a stage at which part is no longer acid- 
precipitable. As pointed out by Hutchinson and Munro,ii however, this assumes the higher 
value obtained from the direct hot acid extraction to be the correct value, although this value 
could possibly be high due to contamination in the extract. To determine if this discrepancy 
was due to incomplete precipitation of the DNA, a standard sample of DNA was extracted 
with hot acid (5 % HCIOI, 70”, 40 min) before and after alkaline hydrolysis (N KOH, 25”, 
24 hr). The DNA content after alkaline hydrolysis was consistently lower, by 20 to 25 per 
cent. It would appear then, that under the conditions used, part of the DNA was lost during 
the alkaline hydrolysis and acid precipitation. 

This loss of 20 to 25 per cent, however, was not large enough to account for the 50 per cent 
difference found for the corn tissue. A comparison of the spectra of the blue complexes 
formed by the two corn extracts in the diphenylamine reaction did not suggest that contami- 
nation was responsible for the higher value observed with the direct acid extraction. Conse- 
quently, it is thought that a direct hot acid extraction gives the better value for the DNA 
content of the tissue. 

2. Estimation 

The DNA in the hot acid extract may be estimated by either 260. OD, phosphate or 
deoxyribose content. Extracts of barley embryos and of barley and corn endosperm had no 
distinct 260 rnp spectra, and although the spectra of corn embryo and yeast extracts did have 
a slight 260 rnp peak, the estimation of DNA content based on this value was up to lifteen 
times higher than that based on the diphenylamine estimation. 

Since the development of the method by Schmidt and Thannhauser, phosphate deter- 
minations have been used to measure the amounts of nucleic acid present in each fraction 
of the acidified hydrolysate. With growing barley embryo tissue there was reasonable agree- 
ment between phosphate and deoxyribose estimations of DNA. This agreement did not 
exist for the endosperm, which contained considerable non-nucleic acid phosphate as shown 
in Table 11, where the total phosphate content of the hot acid extract is given as a percentage 
of the DNA, as estimated by the diphenylamine procedure. 

The estimation of deoxyribose content is the only method which will specifically deter- 
mine DNA rather than RNA. Although not entirely specific for deoxyribose, the diphenyl- 
amine reaction is not a&c&d by the abundance of carbohydrate present in the extract, 
material which interferes so markedly with the ribose determination. Kupila et al.21 have 

21 S. KUPILA, A. M. BRYAN and H. STERN, Phr Phydol. 36,212 (1961). 
~2 M. L. DRASHIIR, Science 118.181(1953). 



checked the specificity of the diphenylamine reaction by the microbiological assay method 
of Hoff-Jorgensen,23 and with the tissues tested the two methods gave reasonable agreement, 
showing that there was little interference with the diphenylamine determination of DNA. 

Since most of the methods for the extraction and estimation of nucleotides and nucleic 
acids were originally developed for animal tissues, it is not surprising that inconsistencies 
should arise with their adaptation to other tissues. Because of the abundance of materials in 
plant extracts which interfere with sugar, phosphate and 260. OD determinations, no reliable 

Tm~ll. THEZPHOSPHAIEANDDNAC~NIENTOPHOTACID 
EXTRAClSOPBARLEY EMBRYO AND ENDc8PeRM 

Age of Total phosphate as a percentage of the DNA 
seedling 
(days) Embryo Endospenn 

0 12.5 85-8 
3 8.8 19.0 
6 7.4 11.1 
9 7.1 15.7 

DNA was estimated by the diphenylamine procedure. 
Pure DNA contains 7-8 % phosphorus. 

general method for the direct estimation of total nucleotides or nucleic acid is available. 
Complex purification procedures based on ionexchange chromatography are necessary for 
the reliable estimation of these compounds. 

METHODS AND MATERIALS 

Ultraviolet absorption. Optical densities were determined in quartz cells of 1 cm light 
path, using either a Hilger “Uvispek” or a Beckman “DU ” ultraviolet spectrophotometer. 
The total 260. OD of a sample is the 260 rnp optical density as measured, multiplied by the 
volume of the sample. 

Phosphate estimation. Inorganic phosphate was measured on aliquots containing 0 to 
50 pg of phosphorus. The sample, in a 50 ml graduated flask, was made up to approximately 
40 ml with water. To this were added 2 ml 60 % perchloric acid, 2 ml Deniges solution (5 % 
(NH,&Mo70z4. 4H20 in 9 N H2S04) and 1 ml stannous chloride (2.5 % SnC12 in I.2 N HCl). 
The mixture was thoroughly shaken, made up to 50 ml with water, and after 20 min the 
intensity of the blue color produced was measured on a Hilger “ Spekker ” calorimeter, using 
1 cm cells and a red (Ilford 608) filter. Organic phosphate was hydrolysed by heating the 
sample with 2 ml 60 % perchloric acid for I hr on an electric heating rack, and the total phos- 
phate was then determined as inorganic phosphate, but without any further addition of per- 
chloric acid. The production of the blue complex was very sensitive to the level of perchloric 
acid present in the reaction mixture, and the reproducibility of the method largely depended 
on maintaining a constant concentration of perchloric acid. 

Ribose estimation. The orcinol method of Mejbaums4 as modified by Hurlbert et al.25 
was used. 
23 E!. HOFF-JORGENSEN, Biochem. J. 50,400 (1952). 
24 W. MEIBAUM, Hoppe-Seyler’s Z. physiol. Chem. 258.117 (1939). 
2s R. B. HURLBERT. H. SCHMITZ, A. F. BRUMM and V. R. Punm,J. Biol. Chem. 209,23 (1954). 
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Deoxyribose estimation. The Dische reaction as mod&d by Burton*’ was followed. 
Redistillation of the diphenylamine and of the acetic acid, as recommended by Burton, were 
found to be unnecessary if Analytical Grade Reagents were used. 

Chromatographic Analysis of Soluble Nucleotides and RNA 

The soluble nucleotides were separated as described by Ingle.4 O-8 M formate in 4 N 
formic acid was used to elute the nucleotides in bulk from the column. 

The RNA mononucleotides produced by alkaline hydrolysis, were separated by ion- 
exchange chromatography. Although it was possible to use the gradient elution system 
employed for the soluble nucleotides,d it was found more convenient to use a modification of 
a stepwise-elution separation described by Cohn. 2s With modification of the column dimen- 
sions and of the eluting buffers, it was possible to reduce the volume of eluent that had to 
be collected from 1 1. to 250 ml, (70 tubes of 3.25 ml). Dowex 1, x 8 resin 200-400 mesh, 
with formate as the exchangeable ion, was used in a 15 cm by O-6 cm diameter column, 0.23 N 
and 3.26 N formic acid being used for elution. The first buffer removed CMP and AMP, the 
two isomers of AMP (2’ and 3’) being completely separated. Any nucleosides or bases 
appeared immediately prior to CMP. The second buffer immediately brought off a small 
peak, the identification of which was uncertain, before the elution of GMP. Directly follow- 
ing GMP was another small peak, which, from its spectral characteristics and position29 
could be S’ribosyluracil phosphate, and finally UMP was eluted. This separation, while 
being relatively quick and easy to handle, provided the required information on the RNA 
content and composition. 

The method described by Smillie and Krotkov*O was used for the bulk purification of the 
RNA mononucleotides. 

Biological Material 

Barley (Spratt Archer) was germinated as described by Folkes et al.30 After the required 
period of germination the embryo was dissected from the endosperm, and both portions were 
ground in solid CO2 prior to lyophilization. Aliquots of the lyophilized tissue were ground 
for 1 min in an M.S.E. homogenizer (100 mg/25 ml extractant) at 4” and then extracted for the 
required time with occasional shaking. 

Maize (WF9 x M14) was germinated as described by Cherry and Hagernan. At the re- 
quired time the embryo axis, scutellum, and endosperm were separated by dissection. The 
fresh embryo or scutellar tissue was immediately homogenized in a conical glass homogenizer 
maintained at 0”, (1 g/5 ml). Endosperm tissue was homogenized at 0” in a Servall Omni- 
Mixer (top speed for 2 min). Homogenates were shaken occasionally (Vortex Mixer) during 
the extraction period (0’). 

Torulopsis utiiis was cultured as described by Sims (personal communication).3 The yeast 
was harvested by filtration through a Millipore filter or a celite pad, and either extracted 
directly or lyophilized. Extractions (100 mg fresh yeast/25 ml) were made at 4” with occasional 
shaking. 

26 Z. DISCHE, Mikrochemie 8,4 (1930). 
27 K. BURTON, Biochem. J. 62,315 (19%). 
28 W. E. COHN, J. Amer. Chem. Sot. ?2,1471(1950). 
29 K. ICHMURA, M. IUWA and Y. OCXA, Pkmt Cell Physiol (Tokyo) 1,317 (1960). 
30 B. F. FOLICZS, A. J. WILLIS and E. W. YZMM, New Phytolo&t 51.317 (1952). 

5 
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A sample of nucleotide-free, lipid-free powder of pea roots, taken from seedlings grown 
for 4 days at 29, was kindly supplied by Mr. A. J. Abbott. A lyophilized sample of Rhizopus 
sexualis, grown at 20” for 100 hr in static liquid media, was kindly supplied by Mr. M. D. 
Coley-Smith. 
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