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INTRODUCTION

I. GENERAL.

The annual production of wheat germ, as such, in the
United States 1s estimated to be 30 to 50 million pounds.
However, the present milling yield of about 0.5 per cent
indicates a potential production of about 150 million
pounds of germ (l1). The wheat kernel is reportea (2) to
contain 2.2 - 3.0 per cent of germ, and, therefore, it
is possible that, in the future, the milling yield and
hence the potential produ~tion of wheat germ may be
creatly increased. For Canada, assuming an annual pro-
duction of 350 million bushels of wheat and a yield of
only 0.5 per cent of germ, the potential production of
wheat germ is about 100 million pounds per annum. Wheat
germ, as & by-product of the milling industry, is used
as animal feed, generally as component of the bran, and
in limited amounts as a source of oll. TLusena and
McFarlane (3) have sought to make wheat germ acceptable
as a human food and thereby to make available a rich
source of the B-vitamins (4, 5, 6) and a large amount of
highest quality protein (7), in addition to fat and
vitamin E (8). In spite of efforts from many sources
the human consumption of wheat germ represents only a

sméll fraction of the output and more industrial uses
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have to be found for this valuable by-product of the mill-
ing industry.

Wheat germ could become the source of many needed
biological compounds. Grewe and Le Clerc (9) have reviewed
someé of the Important components found in wheat embryo.

At the Chemistry Department, Macdonald College, McGill
University, studies are being made on the isolation of
tocopherol concentrates, lecithins, sterols, purified oils,
proteins, starch and magnesium phosphate (one per cent of
the germ). Many other products could be isolated on a
large scale. For example, Channon and Foster (10) found
that 7.8 per cent of the wheat germ oill consisted of
phosphatides. Sullivan et al. (11) isolated 0.1 - 0.2

per cent glutathione fran wheat germ, although they found
(12) 0.46 per cent in a very fresh and specially purified
sample. Schopfer et al. (13) believe that there are at
least six growth factors present in wheat germ other than
the known vitamins. Osborne and Harris (14) report 5.56
per cent nucleic acid in wheat germ and thev l1solated

more than one per cent of a product containing 80 per cent
nucleic acid. Therefore, wheat germ could be a rich

source of ribonucleic acid and its preparation, if included
in a larger scheme for the 1solation of various blologically
important components, might be economically feasible. A

better utilization of wheat germ could be achieved and
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wheat germ production could be expanded. The lﬁboratory
conditions for the large scale isolation of ribonucleic
acid from wheat germ have not been studied in detail.
Ribonucleic acid of a high degree of purity has never
been isolated in good yield from wheat germ. Therefore,
it is‘proposed in this investigation to determine the
optimum conditions for the extraction and isoelectric
precipitation of a definite nucleoprotein fraction; to
investigate the required degree of denaturation of nucleo-
protein for the separation of nucleic acid; and to develop
a satisfactory method for the purification of ribonucleic

acid.

II. HISTORICAL.
In 1899 Osborne and Campbell (15) isolated for the

first time a ribonucleic acid from wheat germ which they
called "tritico" nucleic acid. They extracted a large
quantity of wheat germ meal with water, saturated the ex-
tract with sodium chloride and subjected the resulting
precipitate to a vigorous pepsin digestion. They obtained
a considerable quantity of a substance which they called
"nuelein". The "nuclein", after washing with water, was

dissolved in dilute potassium hydroxide and the solution



was faintly alkaline to phenolphthalein. The solution
was treated cautiously with dilute hydrochloric acid
until a precipitate formed. The precipitate was redis-
solved in potassium hydroxide solution and reprecipitated
three times with dilute hydrochloric acid and ethyl al-
cohol. From the analytical data reported it seems that
the preparation could have been at the best 80 - 85 per
cent ribonucleic acid, assuming the tetranucleotlide struc-
ture of Levene (16) at least as an average structure
(i.0. assuming a "statistical" tetranucleotide structure).
In the same paper Osborne and Campbell renorted the
isolation of a nucleoprotein "leucosin" containing 20 -
30 per cent nucleic acid and representing 10 per cent of
the embryo. A globulin was also isolated in amount
equivalent to 5 per cent of the embryo and it contained
12 - 15 per cent nucleic acid. One third of the total
nitrogen of the embryo was not extracted by water and
salt solutions. This nitrogen was accompanied by phos-
phorus corresponding to about 6.75 per cent of nucleic
acid which would account for two thirds of this insoluble
nitrogen. In 1902, "tritico" nucleic acid was isolated
again on a larger scale from wheat embryo by Osborne and
Harris (14), employing minor changes in procedure. The

composition of the various samples varied considerably
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according to the analyses reported, the purest being at
best 85 per cent nucleic acid. Employing 750 g. of the
prepared nucleic acid, they made a thorough study of its
properties and of sane of its hydrolytic products. Among
the latter they found adenine, guanine, a pentose and
uracil and suggested the identity of "tritico"nucleic acid
with yeast nucleic acid.

In 1910, Levene and La Forge (17) slightly improved
the method of preparing "tritico" nucleic acid and found
that on hydrolysis with ammonia in an autoclave at 145°C.
1t was decomposed into nucleosides and phosphoric acid,
but they 1solated only adenosine, guanosine and cytidine.
They also showed that the pentose 1is identical with the
one obtainable from yeast nucleic acid. They pointeq out
that tritico nucleic acid has "all the properties of
nucleic acid from yeast" and that the two are "probably
identical. 1In 1917, Read and Tottingham (18) prepared
a guanine nucleotide fran wheat germ, which was identical
with the guanine nucleotide prepared from yeast. From
the adenine-uracil dinucleotide prepared by them they
isolated uridine nucleoside which was identical to the
known uridine nucleoside from yeast.

In 1927, Calvery and Remsen (19), profiting from the
work of Jones and Perkins (20), isolated and identified all

four nucleotides of "tritico" nucleic acid and identified



them with the nucleotides of yeast nucleic acid. Levene
and Bass (21) have stated that "tritico"nucleic acid is
ldentical with yeast nucleic acid.

The foregoing research workers studied the composi-
tion of wheat germ ribonucleic acid, without being concern-
ed with its isolation. They used Levene and La Forge's
(17) modification of Osborne and Campbell's (15) method
of preparation. Clarke and Schryver (22) in 1917, pro-
posed a different procedure which involved extracting
wheat germ, previously boiled with ethyl alcohol, with
10 per cent sodium chloride solution. A very crude pro-
duct was obtained.

In 1946, Mirsky and Pollister (23), employing a
new mild treatment, isolated a desoxyribose nucleoprotein

"chromosin".

complex from wheat germ, which they called
Because of the precautions taken, this "chromosin" did
not contain detectable quantities of ribose nucleoprotein,
but, incidentally, they also achlieved the extraction of
ribose nucleoprotein, free of desoxyribose compounds.
Belozerskii and‘Bazhilina (24) studied the interrelation
between protein amd nucleic acid in nucleoprotein by mix-
ing weakly alkaline solutions of a non-basic proteir and

nucleic acid from wheat germ. On addition of acetic acid,

nucleoproteins were precipitated. The upper 1limit of the

¢ '
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phosphorus content of the nucleoproteirs was 2.08 to 2.20
per cent, corresponding to 25 - 27 per cent nucleic acid.
They also submitted some evidence that the abilitv of
these components to bind was partially due to free amino
groups. These data are of limited value in connection
with the study of the isolation of nuclecrrotein and
nucleic acid from wheat germ because the experimental pro-
cedures are very artificial. It seemed timely, therefore,
to reinvestigate the details of the procedures for the

isolation of ribonucleic acid from wheat germ.

IITI. PROBLEVS INVOLVED IN THE ISOLATION OF NUCLEIC ACIDS.

(a) General:

A critical review of the main steps involved in the
isolation of nucleic acids from various tissues other than
wheat germ should clarify the problem. The terms, thymus
nucleic acid or animal nucleic acid and yeast nucleic acid
or pleant nucleic ac?d, are now obsolete. Pollister and
Mirsky (25, 26) proposed that the name "chromonucleic acid"
should be used instead of thymus nucleic acid as the bio-
logical term for the substance described chemically as
desoxyribose nucleic acid, and that'"plasmonucleic acid"
should be substituted for yeast nuclelic acid as the bio-

logical equivalent of the chemical term ribose nuclelc acid.



Gulland et al. (27, 28) stressed the necessity, in the
light of present information, of defining a nucleic acid
by referring both to its origin and its type. This

second alternative should be used to avoid confusion, even
though a recent paper by Mirsky and Pollister (23) gives
very strong evidence in favour of their own nomenclatwvre.
Cohen (29) has also suggested, as a result of electro-
phoretic studies, that in the characterization of different
nucleic acids the treatment in the course of 1solation,
such as degree of tissue autolysis, reagent used and other
conditions should be described.

Many authors have attempted the direct extraction of
nucleic acid (30, 31), but have found the methods unsatis-
factory. Most of these methods involve the use of alkali
to isolate nucleic acid from tissues such as yeast (30,31),
pancreas (32), various animal tissues (33, 34) and bac-
teria (35, 36). Extraction with sodium chloride solutions,
after denaturation with ethyl alcohol, vields ribonuclefc
acid from yeast and wheat germ (22) and liver (37); in
the latter case a nucleoprotein is probably isolated and
subsequently converted into the nucleic acid during purifi-
cation. In general, it seems to be desirable to prepare

nucleic acids by the isolation and subsequent decomposition

of the nucleoprotein.



(b) Isolation of nucleoproteins:

Many of the methods for isolating nucleoproteins
involve a stage, either during extraction or more generally
in the precipitation process, which is relatively drastic
and may produce changes in the chemical and physical pro-
perties of the nucleoprotein. The extraction processes
vary considerably but generally employ water (38 to 45),
dilute alkaline solution (14, 15, 17, 46), sodium chloride
solution (36, 47), or buffer solutions of pH values rang-
ing from 4 to 11 (48, 49, 50) followed in each case by
precipitation with acids, usually glacial acetic or hydro-
chloric acid. These methods are now considered unsatis-
factory (51) because of the possible rupture of the nucleic
acid-protein bond and the variable composition of the
product; the precipitated nucleic acid carryine with it
‘varying quantlties of loosely bound protein. Greenstein
and Jenrette (52, 53) made a more controlled extraction
of liver nucleoproteln. They treated the tissue with a
solution containing 0.03 M sodium bicarbonate and 0.5 M
potassium chloride and the nucleoprotein was precipitated
by ad justing the solution to pH 4.2. According to Mirsky
and Pollister (23) this precipitate was a mixture of
desoxyribose and ribose nucleoprotein (27 per -cent desoxy-

ribose).

Ccarter and Hall (54) stressed the importance of a

mild procedure and they extracted fresh pulped calf



10

thymus with 2 - 3 volumes of water at 5°C. frr twenty-
four to thirty-six hours. After clarifying the extract,
they precipitated the nucleoprotein either bv the addition
of an ey al volume of 2 per cent sodiur chloride solution
or of 0.2 per cent calc’um chloride solution. The sodium
salt of the nucleo-rrotein was soluble in water or 5 per
cent sodium chloride solution, while the calcium salt
dissclved either ir 2 per cent calcium chloride solution
or 5 per cent sodium chloride solution.

Mirsky and Pollister (23) developed a satisfactory
mild procedure, apparently of general application for the
isolation of desoxypentose nucleoproteins. This pro-
cedure depends on the rather remarkable changes in solu-
bilitv of nucleoproteins i» sodium chloride solutions of
different strengths. The nucleoproteins dissolve in
molar sodium chloride, forming viscous opalescent solu-
tions, but are insoluble in 0.1l4 M sodium chloride
solution, although soluble in 0.02 ¥ or less or in pure
water. The minced tissues, after being washed with 0.14
1 sodium chloride solution to remove cytoplasmatic
material, were extracted with molar sodium chloride (2 M
in certain cases) and after clarification of the extract
the nucleoprotein was precipitated in distinctly fibrous

form by dilution with sufflcient water to bring the sodium
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chloride concentration to 0.14 M.

The nucleoprotein isolated by these mild methods
(23, 54) from calf thymus has a molecular weight of the
order of 2 x 10° (63) and its solution in molar sodium
chloride shows a high viscosity and marked streaming
birefringency generally associated with hichly asymmetric
macromolecules. The nucleoprotein may also be precipi-
tated from the concentrated salt solution by the addition
of alcohol (45, 55). Davidson and Waymouth (37) also
used alcohol to vrecipitate the crude ribonucleic acid
from liver extract (probably a denatured nucleoprotein).

Brues et al. (56) have isolated, from the same
tissvwe sample, desoxyribose nucleoprotein and ribose
nucleoprotein by precipitating the aqueous extract of
minced rat liver with 0.4 per cent calcium chloride solu-
tion, and extracting the desoxypentose nucleoprotein from
the precipitate with 10 per cent or molar sodium chloride
solution. The pentose nucleic acid was extracted from
the residue with boiling 10 per cent sodium chlorilde
soluvtion.

The isolation of nucleoproteins from cells possess-
ing resistinz walls has been satisfactorily accomplished
(43, 51) by disintegrating the cells by means of intense
audible sonic vibrations, the nucleoproteins being then

oxtracted from the cellular debris with water and precipi-
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tated with 0.1 N hydrochloric acid (43) or ammonium sul-
phate (51). Development of the technique of differential
centrifugation has provided an important method whereby

the macromoleclar nucleoproteins, generally in association
with lipold material, may be isolated from various tissues
with a minimum of chemical action. This has permitted

the preparation of the active nucleoprotein fraction of

the chick tumour I (57, 58) and of various fractions

from mammalian cells and tissues (59, 60). The method

is also used extensively for the 1solation of the virus

nucleoproteins (61, 62).

(c) Separation of nucleic acid:

The simplest and best available definition of a
nucleoprotein would be to designate as such any protein
witr which nucleic acid is associated. The manner of
association mey refer either to primary (non polar) or
to salt-like (polar) linkages between protein and nucleic
acid. When the protein component is of a relatively
simple protamine or histone nature, the nucleic acid can
be separated by the addition of a neutral salt such as sodir
chloride and it is difficult to see how the linkage be-
tween the nucleic acid and protein can be other than
salt-like. The naturally-occurring defatted complex of

protamine and desoxyribonucleic acid in the sperm heads
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when treated with sodium chloride (64) swells and goes
into solution and on diluting with water most of the pro-
tamine is precipitated, while the desoxyribose nucleic
acid remains in solution to sane extent. The nucleohis-
tones, salts of histone and desoxyribonucleic acid
dissolve in moderately concentrated salt solutions (39,
54, 56, 65) and, upon saturation with sodium chloride,
the histone separates and is precipitated. Mirsky and
Pollister (23) achieved the separation of the nucleo-
histones Aissolved in molar sodium chloride solution by
dialys®s against molar sodium chloride solution, which
results in the diffusion of the protein. When dissolved
in molar sodium chlorlide solution, the desoxyribose
nucleic acid and the histone components of a chromosin
are to a considerable extent dissociated and the nucleic
acid is highly polymerized (i.e. the solution is very
viscous). They are not dissoclated when the chromosin
is dissolved in 0.02 M sodium chloride, but in this medium
a partial depolymerization of the desoxyribose nucleic
acid occurs.

When the protein component is of a more complex
nature, separation of the two components by metathesis
is not so readily achleved. Here a profound intramolecu-
lar rearrangement and disorientation of the protein, and

possibly of the nuclelc acid as weil, by denaturing
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processes 1s a necessary condition for such a separation.
This is the case with most pentose-containing nucleopro-
teins. The virus nucleoproteins have been most widely
studied from this stamdpoint. Bawden ana Pirie (66)

have paid considerable attention to the effect of various
salts and neutral organic compounds which effect dénatura-
tion of various virus nucleoproteins with separation of
protein and rfbonucleic acid and also have demonstrated
the range of suscertibilitv of the vir»uses to these re-
agents. Certain nucleoproteins require stronger denatur-
ing salts than others, but in every case tested at least
one neutral substance could be found which would effect
the separation of protein and nucleic acid. This treat-
ment frequently results in a disaggregation of the nucleo-
proteins into smaller particles accompanied by a loss 1n
anisotropic properties (67, 68) and the liberation of
sulphydryl groups (67, 69) and presumably other group§
(70). As this denaturation 1s effected by the addition
of neutral salts sucl as guanidine hydrochloride or of
neutral organic compounds such as urea, it is difficult
to avoid the impression that here too the binding forces
between protein and nucleic acid are of a salt-like
character. However, it should be realized that the

stability of such polar linkages 1s dependent upon the
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native configuration of both protein and nucleic acid
and upon their mutual orientation. Other methods of
removing the nucleic acid from the protein component of
the virus nucleoproteins include heating (71, 72), hich
pressure (73), and treatment with acids and bases (72).
The use of more selective agents such as the nucleases,
which are specific for nucleic acid, gives results
which are inconclusive (74, 75). 1In the case of the
tobacco mosaic virus nucleoprotein, only an indefinite
complex between enzyme and nucleoprotein is formed in
which the virus is reversibly inactivated without loss
of nucleic acid.

The decomposition of a ribose nucleonrotein, not
isolated from viruses, into 1ts constituent nucleic acid
and protein is most easily brought about by alkaline
hydrolysis (21), followed by the removal of protein with
colloidal iron and precipitation of the nucleic acid in
acid solution. -An obvious objection, however, is that
the alkalinity also causes some degradation of the nucleic
acid. This degradation has no doubt often been consider-
able (76), but in some cases this is apparently the only
method available; an alternative successful procedure

is hydrolysis of the crude nucleoprotein with pepsin
(14, 15, 17). According to Sevag et al. (43), complete

separation of the protein and nucleic acid of nucleo-
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proteins may be effected by decomposing the nucleopro-
tein at 50°C. in 0.5 per cent sodium carbonate solution
for one to two hours, nentralizine to pH 7 and shaking
the solution with chloroform containing a small amount
of a foam-preventing azent such as amyl alcohol. The
protein concentrates at the interface forming a chloro-
form-protein gel, easily separated by centrifugation.
The same authors (51) prepared two pentose nucleoproteins
from aqueous extracts of streptococci, one by acid pre-
cipitation and the other by ammoniuwm sulphate precipita-
tion. From a direct comparison of the two methods of
precipitation (43) they suggested that electrovalent
bonds are formed in the acid precipitation. The ammoni-
um sulphate-precipitated nucleoproteins, unlike their
acidi-precipitated congeners, were completely soluble on
the acld side of their isoelectric point. The acid-
treated nucleoproteins formed an immediate precipitate
with neutral calcium chloride solution, whereas no pre-
cipitation occurred with the natural nucleoprotein.
These results imply eith er that the phosphoric acid groups
of the natural nucleoprotein are bound in such a manner
as not to be available for reaction with calcium ions,
or alternatively that the calcium salt of the natural
nucleoprotein is soluble. Whatever may be the true ex~-

planation, 1t is evident that acid precipitation changes
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the properties of pentose nucleoproteins from strepto-
cocci,

The generalization has been made by Mirsky (77)
that the bonds between pentose nucleic acid and protein
are covalent, whereas those between desoxypentose
nucleic acid and protein are electrovalent, but the evi-
dence obtained with carefully prepared nucleonroteins
1s insufficient to warrant this generalization, which
is certainly not in agreement with the results obtained
with virus nucleoproteins. The separation of the |
nucleoprotein components with alkali has been considered
to indicaée the presence of a non-polar bond between
them. Greenstein (78) has suggested that it is diffi-
cult to distinguish between the following possibilities:
(a) that alkali actually splits an electrovalent bond,
presumably an ester linkage, by hydrolysis; (b) that
alkali induces denaturation and the consequent internal
rearrangement and disarientation of protein and nucleic
acid lead to the separation of the salt in a manner
essentially similar to that induced by neutral substances;
(c) that, conversion of the protein to an anion by alkalil,
brings about separation of the two components through

electrostatic repulsion of the similarly-charged nucleic

acid anion.
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(d) Purification of nucleic acid:

Most of the methods of purifying crude nucleic acid
involve dissolving in alkali (sodium hydroxide or ammonia)
and precipitation by addition of acid (acetic or hydro-
chloric acid) amd/or ethyl alcohol (21). Conditions are
not generally well defined and they involve very drastic
treatment with alkali and acid. It is true that the
nucleic acilid, after separation from the bulk of the pro-
tein, is not in the native state, but ‘'t Aoes not seem
advisable to carry this breakdown any further. Jorpes
(55) precipitated barium salts of protein-free pentose
nucleic acid from pancreas by dissolving the crude nucleic
acid in distilled water and adding 0.25 volume of 20 ner
cent barium acetate solution, adjusted to pH 6.8. The
main part of the desoxyribonucleic acid of the pancreas
is removed with the mother liquor. When the mother
liguor is made distinctly alkaline with barium hydroxide, -
a pentose nucleic acid preclpitates, but it is greatly
contaminated with desoxypentose nucleic acid.

Levene and Jorpes (79) treat the barium salts of
nicleic acid with hydrochloric acid and dissolve them
in water with the aid of strong sodium hydroxide or
sodium carbonate solutions, avoiding an alkaline reac-
tion. The nucleic acid is precipitated on the addition

of ten volumes of ~lacial acetic acid. If the barium
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salt is not protein-free, a precipitate appears on the
addition of the first traces of acetic acid. The last
traces of protein are removed by separating this precipi-
tate before adding more glacial acetic acid. The pen-
tose nucleic acid is precipitated with glacial acetic
acid and the thymus nucleic acid remains in the mother-
liquor. Jorpes (55) reports that the pentose nucleic
acid isolated by thelr nrocedure cives analytical data
that agree quite closely with the theoretical values

for e pentose nuclseotide.

The separation of the nucleic acid from a nucleo-
protein by the fermation of a chloroform-protein gel,
is descrihed by Sevag et al. (43), as a method of puri-
fication. KXhouvine and Grégoire (82) purified crude

ribonuclelc acid from the larvae of Calliphora erythro-

cephala by the method of Sevag »t al. (43) and by
electrophoresis. The per cent nitrogen and phosphorus
in the two products obtained are given in the following

table as a basis for comparing the two methods of puri-

fication.
Nucleic Acid Nitrogen Phosphorus Nitrogen/Phosphorus
Sample (per cent)(per cent) ratio
Crude 15.83 8475 1.81
Purified by Sevag's
method 15.60 9.00 1.73
Purified by electro-
phoresis 15.20 9.30 1.71
Theoretical 16.12 9.982 1.69
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Vendrely, Sarciron and Doucet (83) improved the
classical methods of purification of nucleic acid which
are based on acidification. They studied the conditions
in more detall using a commercial preparation of yeast
ribonucleic acid as the starting material. The best
results are obtained when the crude nucleic acid is
dissolved in a minimum amount of dilute sodium hydroxide
solution (no other details are given). This solution,
containing about & per cent nucleic acid, is poured
into 5 volumes of 0.5 N hydrochloric acid. After cen-
trifuging to remove a precipitate, containing proteins
and carbohvcirates imprrities, the nucleic acid 1s pre-
cipitated from the supernatant solution with alcohol
(the concentration is not given). This procedure is
repeated until the desired purity is obtained. The
crude commercial preparation containrs 85 per cent ribo-
nucleic acid and the first precipitation recovers 65
per cent of the nucleic acid of a purity of 95 per cent.
Repeating the precipitation twice gives practically pure
nucleic acid with a recovery of 55 per cent. The im-
purities conslst of & polysaccharide and a basic protein,
the latter being very difficult to remove.

The purity of the samples can be estimated from
the nitrogen and phosphorus content. However, other

procedures are now available for confirmation. The
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desoxyribonucleic acid can be analyzed for desoxyribose
by the Feulgen (84, 85) or the Dische (86, 87) reactions
and the pentose content of ribonucleic acid can be deter-
mined by the orcinol test (88, 89, 90). However, if con-
tamination with desoxyribonucleic acid is expected, the
use of the more recent method of Hahn and v. Euler (91)

is advisable. A micromethod for the estimation of purine
nitrogen involving a copper precipitation has been devel-
oped (92) and also a method for nucleotide, nucleoside and
free purine nitrogen (93, 94). The pyrimidine ring struc-
ture, which is common to purine and pyrimidine bases,
strongly absorbs ultraviolet radiation with a sharp maxi-
mum in the region of 260 millimicrons (95, 96). Frequent
use has been made of this fact to measure nucleic acid
even in nuclecproteins "in vivo" or in isolated cells (97,
98, 99). The absorption curves of ribonucleic and desoxy-
ribonucleic acid are practically idertical. The extinction
coefficient at this maximum is provortional to the nucleic
acid concentration.

Most of the above mentioned tests can be applied to
determine the content of nucleic acids in nucleoproteins
and cells. Such tests, however, only reveal the presence
of the components, sugar, nitrogenous bases or phosphorus,
but they are not specific for nucleic acid as such. The

actual isolation of nucleic acid is the only absolute
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measure. However, these tests are useful when their limi-

Tations are recognized and when dne precautions are taken

to remove interfering substances. The application of some

of these tests is thorownchlv discussed by Davidson and

Viaymouth (100).



MATERIAL AND METHODS

I. WHEAT GERM.

Pure wheat germ should have been used in this sﬁudy,
but it was impossible to secure large enouch quantities,
however, the best commercial wheat germ with a guaranteed
purity of 95 per cent, was employed. The first ten batches
received were tested for purity. Two samples of exactly
1.0 g. each were sorted by hand to remove impurities. The
pure wheat germ and the impure fractions were weighed and
the purity of the original wheat germ was calculated. The
average purity for ten samples was 95.7 per cent with a
range of 95.% to 95.€. The per cent recovery (i.e. the
sum of the two fractions divided by the original sample
weight and multiplied by 100) averaged 99.1 with a range
of 97.9 to 99.5. Naturally the error in estimating the
purity would be much greater if the low recovery were due
to impurities lost rather than wheat germ. The wheat gérm,
as received from the flour mill, was ground to pass the
finest screen of the Wiley Mill. Somé fat was lost in the
process and the residual material left in the mill con-
tained a larger percentage of bran as lndicated by the
colour. The amount of bran could not be determined because
the particles of wheat germ and bran were partlally millled.

Samples of the finely milled wheat germ were taken for
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nitrogen analysis and the flour was stored in tightly
stoppered glass jars. The nitrogen content on an air dry
basis varied from 5.48 to 5.27 per cent with an average

of 5.35 per cent. Fresh samples were received monthly and
no sample was stared longer than two months at a tempera-

ture of -IOOC. unless otherwise stated.

II. NITROGEN DETERMINATION.

(a) General:

A micro-procedure was essential in most cases because
the work was carried out on small samples or on very
dilute solutions. The micro-Kjeldahl procedure described
below is the d'ficial method of the Association of 0fficial
Agricultural Chemists (10l1), as modified by Chibnall et al.
(102) and VFiller and Houghton (103). A slichtly modified
Parnas-Wagner micro-Kjeldahl distilling apparatus was used
because of its extreme reliability and ease and speed of

operation (up to 10 distillations including the titrations

can be performed in one hour).

(b) Digestion:

The size of the sample was so adjusted as to require
a titration of 3 to 5 ml. of 0,02 N hydrochloric acid (i.e.
the'sample contained between .84 and l.4 mg. of nitrogen).

If a powder was analyzed, 10 - 15 mg. were weighed to the
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fifth decimal place on a micro-balance. The weighing was
carried out on a cigarette paper, which was folded to con-
tain the sample and then dropped into a 30 ml. micro-
Kjeldahl flask. To avoid sampling error, the sample was
allowed to come into equilibrium with stmospheric moisture.
If a solution was analyzed, a 1 or 2 ml. aliquot, properly
diluted, was transferred from a pipette to the bottom of
the flask. If the solution containe? ethyl alcohol, the
aliquot was evaporated by placing the digestion flask in

a boiline water bath, thus preventing excessive foaming

at the beginnirg of digestion. The catalyst, a mixture of
62.5 g. of finely ground notassium sul»-ate and 5 g. of
mercuric oxide, was measured by volurne to give apprcrximately
0.5 g. (from 0.45 to 0.55 z.). After addins 1.5 ml. of
roncentrated sulnhiric acid, the digestion flasks were
placel on a sand bath amd gently heated until frothing
ceased. The tempersture was then increased until the mix-
tnre bolled vigorously and the vapours of the acid rose to

within 5 cm. of the mouth of the flask. Heatling was con-

tinued for one hour after clearing.

(c) Distillation:

The digest, after cooling and diluting to about 8 ml.,
was transferred quantitatively to the distillation chamber

of the Parnas-"agner apparatus. To facilitate the transfer
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the 1lip of the Adi-estion flask was smeared with a thin

f1lm of vaseline, thus preventing any ligquid from running
down the outside of the flask. The digestion flask was
rinsed four times with small volumes (about 3 ml.) of
water. A small excess of alkali was added, the solution
being prepared by mixing 40 g. of sodium hydroxide and 5 g.
of sodium thiosulphate with 55 ml. of freshly boiled water.
After filtering through asbestos, the solution was stored
in a bottle fitted with a carbon dioxide trap. Distillation
was carried out quite briskly and a large flow of water was
kept running through the silver condenser. In less than 5
minutes 15 ml. of distillate were collected in the recelver,
which contained 5 ml. of a 2 per cent boric acid solution.
The indicator (0.1 per cent methyl red in ethyl alcohol)

was added at the rate of 10 ml. per liter of boric acid
solution. The receiver was lowered and, after allowing a
further one ml. to distil, the tip of the condenser was

rinsed with distilled water and distillation discontinued.

(d) Titration:

A colour standard was prepared by diluting 5 ml. of
the boric acid solution to about 80 ml. in a container
similar to the receiver flask. With these concentrations
a very distinct titration end-point was obtained. The

distillate-boric acid mixture was titrated almost to the
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end point, then diluted to about 80 ml. rinsing the side

of the flask and titration was completed to the end point.
Blark determinations were cafried out with all the reagents.
If clgarette paper was used the blank correction wos
egqnivalent to 0.1 ml. of 0.02 N hydrochloric acid and to
0.05 ml. without cigarette paper. The microburette (5 ml.
volume) was graduated in 0.0l ml. and allowed readings to
0.005 of ml. The end point was clearly exceeded by 0.02

mle. of 0,02 N hydrochloric acid, but the titre was easily
estimated to 0,01 ml.

The standard 0,02 N hydrochloric acid was nrepared
from constant boiling hydrochloric acld by weighing an
exact amount and transferrinc it to a 2 1. retested
volumetric flask (104). ©No correction was made for tempera-
ture variations which ranged from 22° to 24°Cc. 1In one
instance the standard solution was checked by the 0fficial
Borax Method (105) and the normalities arreed within 1
in 2000, If duplicate determinations showed an error of
more than 0.5 per cent, tre analvses were rereated. The
averace error was between 0.3 and 0.2 per cent. The sreat-
est difficulties were encountered in the sampling. When
enough sample was available, solutions were preparsd and
aliquots analyzed. The same solutlon was diluted and used
for the pentose estimation. The reliabilitr of the nitro-~-

gen determination was also confirmed by the results obtained
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on the purest samples of nucleic acid which agreed very

closely with the theoretical.

III. PENTOSE DETERMINATION.

(a) General:

The quantitative Bial's test as developed by Me jbaum
(88, 89) served as a quick analytical tool to determine
the relative ribonucleic acid content of various solutions.
The literature contains many discussions (90, 100, 106, 107,
108) on the question of converting these relative values
into absolute values, since it is not definitely known
what proportion of the pentose in nucleic acid will react.
Such ambiguity does not inspire confldence in the method.
It was later found that the method civwves theoretical values
if certain assumptions and minor chan~es are made in the
procedure. The colour reaction is given by pentoses and
polyuronides. Hahn and v. Euler (91) report that desoxy-
ribose reacts as though it contained about 10 per cent
ribose. Glucose, certain polysaccharides, lead and nltrates
interfere by developing extraneous colours. Therefore,
the test becomes a measure of ribonucleic acld content only
after repeated precipitations of the nucleic acid as a
nucleoprotein. A phosphorus estimation would not be more
specific as wheat germ contains inorganic phosphorus and

phosphorus containing substances including desoxyribonucleic
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acid (23).

To utilize the orcinol test for pentose as the basis
of a quantitative estimation of nucleic acid, it was
necessary to make certain initial assumptions, e.g.:

(1) It must be assumed that the isolated nucleic acid

of wheat germ 1is ribonucleic acid or that desoxyribo-

nucleic acid is present in traces only.

(2) It is also assumed that the fundamental structure

of this ribonucleic acid is a tetranucleotide, accord-

ing to Levene (16) and is composed of four phosphoric
acid molecules, four ribose molecules. two nmirine
bases (adenine and ~onanine) and two pyrimidine bases

(uracil and cytosine). It is anpreciated tnat this

is an over-simplification and that complex polymers

of the tetranucleotide are also present.

(3) Under the conditions of the orcinol reaction,

only the ribose linked to purine bases gives the blue

colour and hence it is assumed that only 50 per cent
of the ribose molecnles present give the colour

reaction (89).

At the conclusion of this investigatlon, when purified
wheat germ ribonucleic acii had been prepared, it was
possible to show that these assmptions were justified as

pentose determinations on the product gave values equivalent

to half the theoretical valne for a tetranucleontids,



30

(b) Procedure:

A 2 ml. aliquot of a solution contalning 5 to 25 ug.
of free pentose or an equivalent weight of a substance
containing bound reacting pentose is placed in a pyrex
10 ml. graduated glass-stoppered cylinder. A 2 ml. ali-
quot of orcinol reagent is added. The reagent contains
1.0 per cent orcinol and 0.1 per cent ferric chloride in
concentrated hydrochloric acid and is prepared immediately
before use. A blank is also prepared by addine to a 2 ml.
aliquot of the solution to be analyzed, 2 ml. of 0.1 per
cent ferric chloride in concentrated hydrochloric acid.
Thus the blank reagent does not contain orcinol. The
cylinders are shaken and then placed in a briskly boiling
water bath for 60 minutes, then the tubes are cooled, the
solutions made up to volume, mixed and the colour intensities
read in an Evelyn photoelectric colorimeter usirngs the 660
mp. filter and the galvanometer adjusted to 100 per cent
transmission with the blank solution. The colour reaction
obeys Beer's Law over a range of concentrations of 0.5 and
2.5 nug. per ml, which under the conditions outlined above
corresponds to a range of 65 to 20 per cent transmission.
However, the Beer's Law constant varied from.0263 to .0281
during the two years of this investigation and each constant

had an average variation of z 0.0004 for a range of concen-

trations of 5 to 254pg. If precise work 1s required a
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determination on a standard solution should be carried out
simultaneously with the analysis of the unknown. The
value g:l%g_g (where G is the corrected galvanometer read-
ing and K is the Beer's Law constant) gives the micrograms
of reacting pentose in the two ml. aliquot of the test
soclution. Using any of the constants found during the

last two years, the error could be as great as 10 per cent,
whereas by establishing the constant for each determination
the error does not exceed 2 per cent. it 1s suggested here
that this variation might be due to the difference 1in the
strength of the concentrated hydrochloric acid.

The quality of the orclnol is very important; a very
0ld sample (Schuchardt) was used and the reagent was mixed
just before vse, because it quickly deteriorates and
develops a pinkish-brown colour overnisht. Another worker
in this laboratory, nsing a new sample of orcinol (Eastman)
and another colorimeter found the reaction to be at least
10 per cent more sensitive ard that Beer's Law was not
strictly obeyed. The setting 6f the colorimeter to 100
per cent trans:ission was constant over the two year period
when readings were made on the blank solution or various

solutions of pentose sugars, nucleic acids and rmucleoproteins.

(c) Experimental:

It was found that ribose, arabinose and equivalent



32

amounts of pure yeast nucleic acid (assuminc that 50 per
cent of the pentose reacts) develop the same colour inten-
sity if the test is condncted under the conditions just
described. This is contrary to what Cori and Cori (108)
and Davldson and Waymouth (100, 107) found. However, they
did not report the purity of the nucleic acid used and
their procedure was slichtly different from the one des-
cribed here. Using a Coleman spectrophotometer with
cuvettes 1 cm. in diameter, readings for absorption spectra
were taken on a blank and a test solution containing 5 ug.
per ml., heated 20 minutes in a boiling bath. Table I

and Figure 1 show the data expressed as optical densities
at the specific wave length (E = (log I,/I), for 1 cm.
thickness and a concentration of 5 pg. per ml. The maxi-
mum absorption for the green-blue colour of the pentose
orcinol complex is at 660 mu. and at that wave length the
yellow colour of the ferric chloride solution, which is
mainly responsible for the colour of the blank solution,
does not absorb much light.

The reaction between orcinol and pentose sugars is
very critical to temperature variations; unreliable results
are obtained unless the water bath, in which the reaction
vegsels are placed, is kept bolling vigorously; a device
to keep the water level constant is essential to avoid

sudden changes in temperature when water is added to the
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TABLE I - Absorptlon data of the test and blank solutions
in the pentose estimation with orcinol.

Wave Length Optical Density (Ea)*
(mp.) Test Solution Blank Solutwon
700 364 -———
690 <417 -
680 -453 -
670 .502 -———
660 .505 .Oal
650 «502 -
640 « 469 ————
620 7 -
600 319 021
580 . 248 —-———
560 . 197 .031
540 . 177 ————
520 .161 .036
500 ey .046
460 - ~ 076
420 - 209

]

% By, = (log Io/I))
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Figure 1 - sbsorption spectra of the test and
blank solutions in the colorimetric
estimation of pentose.
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bath. The reagent was the same as described by Me jbaum
(88). Equal volumes of the reagent and test solution
are used and, after the develorment of the colour, 3
volumes of distilled water are added to 2 volumes of the
mixture of test solution and reagent.

A 1l ml. aliquot of a solution containing 25 pg. of
arabinose and 2 ml. of the orcinol reazent were added to
several cylinders containing varying amounts of water and
concentrated hydrochloric acid. After heating, all the
solutions were diluted to 10 ml. and read on the colorimeter.
Table II shows the results, which indicate that the con-
ditions as described by Mejbaum are not necessarily op-
timal, but they are probably the most convenient because
a ratio of 1l:1 hydrochloric acid to water corresponds
approximately to constant bolling hydrochloric acid. After
the reaction mixture is diluted from 4 ml. (2 ml. of re-
agent and 2 ml. of test solution) to 10 ml., further dilu-
tion may be made with a solution containing 1 part of 0.1
per cent ferric chloride solution in concentrated hydro-
chloric acid to 4 parts of water, obtaining proportionate

TABLE II - Effect of volume and concentration of hydro-
chloric acid on colour development.

Water  Hydrochloric Total Water hydro- Per cent light

added acid added volume chloric acid transmission
(ml.) (ml.) (ml.) ratio

0 1 4 1l ¢ 3 25.5

o) 0 3 1l : 2 17 .25

1 0 4 1 :1 20,0

(>} N = b | N rr —_—— A
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intensities of colour. However, the proportions of pentose
sugar to reagent are critical for quantitative determina-
tion, therefore, solutions of the proper dilution must be
prepared before developing the colour. Varying the time
of standing at different stages of the procedure did not
effect the results and the colour was stable overnight.
With arabinose, yeast nucleic acid and wheat germ nucleo-
proteln the duration of heating is quite important as
shown in Table III. All samples contained approximately
the equivalent of 15 pg. of reactirs pentose in the 2 ml.
aliquot tested.

TABLE III - Effect of time of heatirs on colour development.

Time Per cent li~-rt transmission
(minutes) Arabinose  Nucleic Acid Nucleoprotein
20 48.0 46,75 42.75
30 42 .2 43.0 40,0
40 41.0 42,25 38,75
50 41.25 41,75 38.0
60 40.5 41.285 37.0
70 40.75 40,75 37 .5
100 40,5 41.0 37.25
120 40,78 41.0 36.75

Ribose gave maximum colour development in 20 minutes with

very slight fading. Me jbaum (88) originally advocated
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heating for 20 minutes but Schlenk (109) extended the time
to 30 minutes and the method was so used by Davidson and
Waymouth (100, 107) and Cori and Cori (108). The data in
Table III might explein the inconsistencies in their re-
sults, e.g. heating for 60 minutes seems to Dbe necessary
for optimum colour development with arabinose, nucleic
acid and wheat germ nucleoprotein. Some confirmation of
these findings is contained in a paper by Albaum and
Umbreit (110). |

The protein present in nucleoproteins does not seem
to interfere with the colour development. When the nucleic
acid content of a nucleoprotein solution is determined by
- the orcinol method and by absorption in the ultraviolet,
theoretical comparison is obtained. After removal of the
protein fran a nucleoprotein solution, th? rentose is

accounted for quantitatively.

IV. DETERMINATION OF HYDROGEN ION CONCENTRATION.

The accurate measurement of hydrogen ion concentration
was a most important factor in this investigation. Bates
et al. (11l1) have reviewed the major practical problems to
be encountered. A Beckman pH meter, liodel G, was used.

, Hydrogen ion concentration measurements on standard buffer
solutions of the same pH (i.e. pH 7.0) as procured from

various companies, showed & variatlon of as much as 0.5
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of a pH unit, Therefore, a set of crystalline standards
was purchased from the National Bureau of Standards,
Washington, D, C. A 0,025 1 phosphate buffer solution

PH 6.87 at 22°C. and a 0.75 M aci? potassium phthalate
bvrffer solntion pH 4.00 at 22°C. were prenared each month
and used to check the electrodes. Two similar buffer
solutions, prepared with ordinary chemicals, were stan-
dardized to be nsed daily in the checking of the instru-
ment. New electrodes were freinently found to deviate as
mich as 0.5 of a pH unit at pH 4 when the instrument was
strndardized at pH 7. Accurate readinrs can be obtained
between pH 7 and 4 only when the performance of the in-
strument 1is checked with reliable standards of hrvirogen

ion concentrations in the ranze of pH 4 - 7. An overall
check on the accuracy with which these two buffer solutions
vere prepared, and on the reliabiiity of the instrument and
electrodes, and on the ability of the operator to measvre
small differences was desirable. Therefore, readings were
made on a buffer solution of pH 4.00, while the instrument
was standardized at pH 6.87, using all combinations of three
calomel electrodes and four glass electrodes. The results
are given in Table IV. The alkaline range was n~ccasion-
ally checked with 0.01 I sodium tetraborate (borax) buffer

solution pH 9.20 at 22°C. prepared according to the National

Bureau of Standards' instructions. The reading of the
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TABLE IV - Reliability of the estimation of hydrogen ion
concentration between pH 4.0 and 7.0.

A

Glass Calomel electrode (No.)
electrodes

(No.) I II ITT

1 4,01 4,01 4.,00

2 4,01 329 4,00

3 4,00 3,29 4,01

4 4,00 4,00 3,99

instrument, standardized at pH 7, was accurate within
0.05 of a pH unit. At bhisher alkalinities, the readings
were probably much less accurate. The hydrocen ion con-
centrations of thick colloidal solutions and alcoholic
solutions were measured with difficulty as the instrument

took a long time to reach a steady readine.

V. OTHER DETERMINATIONS.

(a) Moisture:

Before sampling, the preparation to be analyzed was
allowed to come to equilibrium with atmospheric moisture.
Small glass weighing bottles were dried to constant weight
and weighed. They were then allowed to stand exposed to
the atmosphere for one hour and reweighed. About 0.2 g. of
the sample was then added and weighed. The samples were
dried for six hours in = vacuum oven at about a pressure

of 2 mm. mercury and & temperature of 70 - 75°C. At the
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end of this period air was admitted into the oven through
concentrated sulphuric acid. The samples were placed in
& dessicator for 20 rminntes and then weighed. Drying wsas
repeated for two hour periods until constant weight was
reached. The weight of the weighing bottle plus sample
minus the weight of the bottle after standing one hour
exposed to the atmosphere is the weight of the sample.,
The constant weight reached after drying minus the weight
of the dried weighing bottle is the weisht of the drv
matter in the sample. A micro-balance weighin~ to the
fifth decimal place was used, but, in spite of all pre-
cautions, an error greater than 2 per cent was found be-
tween triplicate determinations. Therefore, the values
for moistre are not significant beyond the first decimal

placee.

(b) Phosphorus:

Total phosphorus was determined gravimetrically as
described in the "Book of liethods of the Association of
Official Agricultural Chemists" (112). A 0.3 g. portion
of nucleic acid (equivalent to about .03 g. of phosphorus)
was dicested and put into solution as described in Section
2.8 (c) page 22. The determination was carried out on the
whole sample. Phosphorus was weighed as anhydrous magnesium

pyrophosphate, but the results were calculated as per cent

phosphorus in the dry sample. The values reported are
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averases of three determinations which checked within 0.5

per cent.,

(c) Sodium:

Sodium was determined gravimetrically by precipitation
as sodium magnesium uranyl acetate as described in the
"Book of liethods of the Association of Official Agricultural
Chemists" (113). A 0.2 g. sample of nucleic acid was used
which gave a precipitate weighing between 0.1l and 0.6 g.
Triplicate determinations showed an error of about 4 per
cent. Results expressed as per cent sodium in sample at

equilibrium with atmospheric molsture are reported only

to the first decimal place.



EXPERTMENTAL

T+ WATER EXTRACTION OF A PROTEIN FRACTION FROM "UEAT GERM.
(a) Non-protein nitrogen fraction:

The nitrogen-containing comnounds which are extracted
by water =nd are soluble in trichloroacetic acid are
referred to here as non-protein nitrogen. The value repre-
senting the difference between the total nitrogen extracted
fram wheat germ and the non-protein nitrogen is taken as a
measure of the protein nitrogen extracted, this value being
utilized as a criterion of the mnst effective and least
denaturing extraction procedure. The results of non-pro-
tein nitrogen estimations on aqueous extracts of wheat
germ were quite variable and apparently depended on details
in the procedure; therefore, it was found necessary to study
the factors responsible for these variations.

Two similar extraction procedures were compared with
one which was quite different, i.e. procedure I involved
shaking wheat germ with an appropriate aliquot of a tri-
chloroacetic solution for 20 minutes and then filtering
thr ough a Whatman 42 filter paper. Procedures II and ITI
involved shaking the germ with an appropriate aliquot of
distilled water for 20 minutes, then adding trichloroacetic
acid to give the desired concentration and filtering through
Whatman 42 filter paper either after standing for 10 minutes

or immediately. As these determinations were done on small
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aliquots (5 ml.) of the water extracts, filterine d°d not
take more than 30 seconds. The nitrogen determinations
were carried out on the filtrates, and the non-rrotein
nitrogen was expressed as per cent of the nitrogen content
of the wheat germ. These procedures were campared with
various concentrations of wheat germ and with different
strencths of trichloroacetic acid. The results are given

in Table V and Fig. 2.

TABLE V - Non=-protein nitrogen in wheat germ extracts.

Wheat N.P.N. as per cent of total nitrogen in
germ 3 the wheat germ extracted
water Pro- Conc. of trichloroacetic acid in per cent
ratic, cedure = L 2 (5} 10

1 13.1 12.9 13.1 17.0
1:80 2 18.3 14,7 12.7 14.7

3 19.0 16.5 11.9 12.1

1 12.1 1.7 12.3 15.2
1:40 2 16.2 13.8 12.3 13.9

3 18.1 16.0 11.8 11.7
/ 1 11.4 11.4 11.9 16.0
1:10 2 15.9 13.7 12.0 14,8

3 16.2 11.9 10.9 10,6/

% 1) Extracted 20 minutes with trichloroacetic acid and
immediately filtered.

2) Extracted 20 minutes with water, trichloroacetic acid
then added and filtered after 10 minutes.

3) Same as 2) but fi'tered immedlately.
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Incomplete precipitation and hydrolysis by the tri-
chloroscetic acld are the two major sources of error and
they both tend to give high results. Therefore, the low-
est values are more likely to be an indication of the non-
protein nitrogen content of the extracts. Extracting
wheat germ with trichloroacetic acid solution (Procedure I)
requires a lower trichloroacetic acid concentration to
obtain minimal values; highef concentrations of trichloro-
acetic aéid apparently hydrolyze the proteins. The precipi-
tation of protein nitrogen from a water extract of wheat
germ by trichloroacetic acid (Procedures II and III) seems
to depend largely on adherence to the details of the pro-
cedure. Allowing to stand for ten minutes after the addi-
tion of trichloroacetic acid and before filtering resulted
in more efficient precipitation at lower concentration,
but more marked hydrolysis at higher concentration. The
results also indicate that in the case of the less concen-
trated extracts hydrolysis occurs more easily, whereas with
highly concentrated extracts more trichloroacetic acid is
needed to give complete precipitation of protein nitrogen.

Trichloroacetic acid extraction (Procedure I) was
therefore discarded, because we are interested here in
non-protein nitrogen only as a means of deducing what
fraction of the total nitrogen extracted with water from

wheat germ is protein in nature. Of the two procedures



46

involving the precipitation of the protein nitrogen from

a water extract, that employing immediate filtration after
the addition of trichloroacetic acid was chosen for further
use as 1t gave lower results, probably because there was
less protein hydrolysis, as evidenced by the fact that
when the concentration of trichloroacetic acid was in-
creased to 10 per cent the same results, or lower results
in the case of the mare corcentrated extracts, were ob-
tained.

TABLE VI - Effect of trichloroacetic acid concentration
on the non-protein nitrogen determination.

Trichloro- Non-protein nitrogen as per cent of total

acetic acid nitrogen in wheat germ

concentration Wheat germ : Water ratio

(per cent) 1:80 1:40 1:10

1 19.0 18.1 17.6
2 16.5 16.0 14.6
3 13.0 13.2 12,7
4 12,7 12.5 11.9
5 11.¢ 11.8 11.3
6 11.7 11.8 11.2
7 12.0 11.7 11.0
8 12.1 11.%7 10.5

10 12.1 11.7 10,0




Figure 3 - Effect of trichloroacetic acid

concentration on the non-protein
nitrogen determination.

erm.
AV,
O
1

Wheat germ:water ratios

1:80 0—-—

N 1:40 - ———0

AN
}\\ 1:10 o - — =
\

1

15

10

| |
]

Non-protein nitrogen per cent of total nitrogen in wheat g

Per cent trichloroacetic acid

4y



48

The results presented in Table VI and illustrated in
Figure 3 show that when wheat germ is extracted for 20
minutes with water and the extract immediately filtered
after the addition of the acid, a concentration of 10

per cent trichloroacetic acid is required to obtain
minimal non-protein nitrogen values in the case of ex-
tracts obtained from one part of wheat germ to 10 parts

of water, while extracts with wheat germ : water ratio

of 1:40 and 1:80 need onlv 5 per cent trichloroacetic acid.
More non-protein nitrogen 1is present in the less concen-
trated extracts. This micht indicate that with the more
dilute extracts (1) more breakdown occurs during extrac-
tion or (2) the hydrolysis is affected more by trichloro-
acetic acid or (3) all the nitrogenous compounds are not
precinitated. The second possibility seems most plausible
because the non-protein nitrogen content is almost con-
stant with increasing concentrations of trichloroacetic
acid from 5 to 10 per cent. However, it may be that the
hydrolysis is counter-balanced by a more complete precipi-
tation. Suppositions (1) and (3) mean essentially the
same thing, except (1) involves an artifact while (3) is
based on the solubility of the nitrogenous compounds in
wheat germ. It must be pointed out here that care was

taken to adjust all the solutions to the same final volume

regardless of the ratio of wheat zerm to water in
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extraction or the concentration of trichloroacetic acid in
precipitation. Concentrations of trichloroacetic acid
exceeding 10 per cent were not tested becanse of the
impracticability.

Since the lowest nnn-protein nitrogen content was cosen
at the outset as a criterion of the best nrocedure, it
was decided to precipitate the protein nitrogen from an
aqueous extract of wheat germ usinc 10 per cent trichloro-
acetic acid and flltering imrmediately throvch a "hatwan

42 filter narer,

(b) Extraction of protein nitrogen with water:

The next objective was to obtain maximim extraction
of protein nitrogen from wheat germ under the mildest
conditions and keeping the volumes to a workable levsl.
In the following experiments certain experimental details
were kent constant so that the results could be compared.
In the extraction the volume of water was always 50 ml.
and a 125 ml. Erlenmeyer flask was used. Different
amounts of wheat germ were added and the flask was shaken
on & mechanical shaker at room temperatures of 22 - 24°C,
The duration of shaking is referred to as the extraction

time. As soon as the flask was removed from the shaker

the solntion was filtered through ordinary filter paper

and aliquots were taken for total nitrogen and non-protein

nitrogen determinations as soon as enough filtrate was



o0

obtained (about 10 ml.). To 5 ml., of filtrate s 5 ml.
aliquot of 20 per cent trichloroacetic acid solution was
added, the solution immediatelv filtered through a What-
man 42 filter paper and an aliquot taken for nitrogen
analysis. The results are expressed as per cent of the
nitrogen in wheat germ to indscate how the nitrogenous

compounds are fractionated.

TABLE VII - Effect of extraction time on total nitrogen

extracted.

Extraction Total nitrogen extracted as per cent
time of nitrogen in wheat germ.
(hours) VVheat germ : water ratio

1:20 1:40
0.25 60.2 . 61.2
0.50 60.5 61.8
1.0 59.0 61.0
2.0 57.0 62.0
4.0 56,7 58.2
6.0 57.5 60.0

Table VII and Figure 4 show the effect of extraction
time on the total nitrogen extracted employing two concen-
trations of wheat germ. Maximum extraction is definitely
achieved in less than an hour and prolonged extraction re-
duces the solubility of the nitrogen compounds. The

decrease in solubility with increasing extraction time
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might be explained as being due to the dehaturation of
the proteins and 1t was noted that foaming occurred.
After six hours the solubility starts to increase again
which might be due to more advanced denaturation and/or
bacterial decomposition. The results comparing different
concentrations of wheat germ are hard to explain but the
more dilute extracts show more comnlete extraction.

The effect of extraction time was next studied in
more detall and estimations of non-protein nitrogen were
also carried out. The results are shown in Table VIII

and Figure 5.

TABLE VIII - Effect of extraction time on nitrogen extracted.

Theat Extraction Total N. as N.P.N. as per Calculated pro-

germ time per cent of cent of N. in tein N. as per
water (minutes) ©N. in wheat wheat germ. cent of N. in
ratio. g2erm. wheat germ.
0 41,7 8.4 3343
5 57.0 10.2 46 .8
10 60.5 10.6 49,9
110 20 59.5 10.8 48,7
30 59.2 11.0 48,2
45 59.8 11.2 48,6
0 39.6 8.2 31.4
55.0 0.8 45,2
10 58.3 10.0 48,3
1:20 20 57 .7 10.6 47.1
30 57 .8 10.5 47,3

45 58.4 10.7 47 .7




Extracted nitrogen per cent of nitrogen in wheat germ.

Figure

60

55

a
O

45

40

&
O

&
2

-
ol

- 93

T T e ——— T T X

“'fheat germ:water ratio 1:15
- " 1" " " 1:20

o———eTotal nitroren
¥——xProteln nitrocen

®———=@ ‘on-orotein nitro-en

9
& & ————&————

10 -
5 L ! . r
0 5 10 20 30 45

Time (minutes)

5 - Effect of extraction tire on nitrogen extracted.



o4

The results show no appreciable difference between ex-
traction times of 10 and 45 minutes and, therefore, it is
preferable to extract for the shortest time to avolid
denaturation of the protein. The two ratios of wheat germ
to water chosen are too close to show any marked differ-
ence, but the two experiments are useful in showince that
the results can be duplicated., Almost 50 per cent of the
nitrogen is extracted as protein nitrogen by shaking for
10 minutes with water at room temperatures and this extrac-
tion procedure was adopted in future work.

In the next experiﬁent the effect on nitrogen extrac-
tion of varying the wheat germ : water ratio was determined.
Two samples of wheat germ were "sed, one was freshly milled
and the other had been stored for two months at 5°C. The
results are shown in Table IX and Figure 6. These results
show that protein nitrogen is more readily extracted from
fresh wheat cerm than from stale wheat germ and this
difference is more marked with the more concentrated sus-
pensions of wheat germ. Extraction with higher concen-
trations of fresh wheat zerm seers to be most satisfactorv,
becanse on dilntion changes apparently occur which reduce
the solubility of the protein. This 1s also shown by the
fact that the value for non-protein nitrogen is almost
constant in the case of the stale wheat germ, but increases

with dilution in the case of the fresh sample. A ratio of
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TABLE IX - Effect of wheat germ : water ratio on extracted
nitrogen.

Wheat Wheat Total N. as T, P.N, as per Calcuvlated pro-

germ germ ¢ Dper cent of cenrt of N. in +tein N. as per
sample wat?r N. in sample sample of cent of N. in

ratio. of wheat germ wheat germ wheat germ.

1 ¢ 10 61l.2 10.6 50.6

1 : 15 61.0 12.0 40,0
Freshly

1 : 20 60.5 11.8 48,7
Milled

1 : 40 60.0 13.7 46 .3

1: 80 625 15,7 46,8

1 : 10 o6.1 10.4 45,7
Two 1 : 15 55.2 10.0 45.2
months 1 : 20 55.4 10,3 45.1
old 1 ¢ 40 56 .4 10.5 45.9

1 : 80 56,7 11.4 45,3

one part of wheat germ to 5 parts of water was also tried,
but it was diffieult to handle because the extract was too
viscous. Ratios of 1 : 10 and 1 : 20 with a 10 minutes
extraction time are acceptable.

Assuming that the volume of the extract is equal to
the amount of water added, although naturally some 1is
‘absorbed by tne residue, 45 to 50 per cent of the nitrogen

in wheat germ is extracted as protein nitrogen, and 55 to
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61 per cent as total nitrogen, the values depending on

the freshness of the wheat germ and the extent of denatur-

ation during extraction.

(c) Repeated extractions with water:

In an attempt to ascertain if more protein is recovered
by successive extractions and té determine 1f other less
soluble protein fractions are extracted, the following
experiments were carried ont: To 2 g. of wheat germ was
added 30 ml. of water (ratio 1 : 15), the svwspension
shaken for 10 minutes and centrifuged for 10 minutes.

The volume of the decanted supernatant was measured and
the solution analyzed for nitrogen. From these'figures
the amounts of decanted nitrogen and the "left-over"
extracted nitrogen were calculated, assuming that the liquid
wetting the wheat germ residue had the same nitrogen con-
tent as the solution decanted. The sum of these two
values represents the nitrogen extracted in the first
extraction. The residue, after being sheken for 10 min-
utes with 30 ml. of distilled water was again centrifuged.
From the analysis of the supernatant the decanted nitrogen
and the "left-over" nitrogen were again calculated. Sub-
tracting the "left-over" nitrogen of the previous extrac-
tion from the sum of the se two values, the nitrogen ex-

tracted in the second extraction is calculated. The
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results for subsequent extractions were calculated in a

similar manner. The complete data are ziven in Table X.

TABLE X - Repeated extraction of wheat germ with water
(Ratlo 1 : 15).

Extraction N. conc. in Decanted Left-over N. Extracted N.

extract N. in in per cent 1in per cent
mg./ml. per cent (calculated) (calculated)
1st 2.3 60.8 4.8 65.6
2nd 0.3 8.7 0.4 4.3
srd 0.1 2,7 0.3 2.6
4th 0.05 Lled 0.1 1.1
5th 0.03 0.8 0.0 0.8

The data are only relative but it shows that wheat germ
contains an easily soluble group of nitrogenous compounds,
and that éhe nitrogen extracted in smccessive extractions
is much less soluble and insignificant in amount.

Table XI gives the results of a similar experiment
but with a wheat germ ': water ratio of 1 : 3 in the first
evtraction and a 1 : 2 ratio in the succeeding six extrac-
tions. The first extract contained almost one per cent of
nitrogen, which indicates the high solubility of this
nitrogen fraction. In the second extraction the "left-
over" nitrogen of the first extraction depresses the
solubility of the less soluble nitrogen, which is again

more soluble in the third extraction.
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TABLE XI - Repeated extraction of high concentrations of
wheat germ with water.

Extraction N. cone. in Decanted "left-over"N. Extracted N.

extract N. in in ner cent in per cent
me./ml. per cent (calculated) (ecalculated)

lst 9.5 36,0 18.0 54.0

2nd 3.2 13.1 6.1 1.2

3rd 1.9 8.1 53 SR

4th 1.1 4,6 1.9 3.2

5th 0.7 2.9 1.3 2.3

6th 0.4 1.8 0.8 1.3

7th 0.3 1.2 0.5 0.9

From these observations it is concluded that to obtain a
uniform extraction it is advisable to extract once only
and with no more than 15 volumes of water. Perhaps 10
volumes of water would be better and so obtain a nitrogen
content above 3.2 mg. per ml. of extract, which is the
value obtained in the second extraction (Table XI) and

where apparently the solubility of the least soluble

nitrogenous c ompounds is depressed.

TI. THE ISOELECTRIC PRECIPITATION OF NUCLEOPROTETIN FRACTIONS.,

(a) Optimum hydrogen ion concentration for precipitation of
nucleoprotein.

Twenty ml. aliquots of a wheat germ extract, contain-

ing 60.5 per cent of the nitrogen of the sample in a
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concentration of 2.2 mg. per ml., were placed iﬁ 50 ml.
centrifuge tubes; to each was added different volumes of
distilled water and 0.05 N hydrochloric acid to cive a
final volume of 10 ml. After standing one hour, the tubes
were centrifuged for 10 minutes at 3000 r.p.m. and the
hydrogen ion concentration and nitrogen content of the
supernatant were determined. The results are shown in
Table XII and Figures 7 and 8. Maximum precipitation of
the nitrogenous compounds is obtained at pH 4, but the
slope of the curve in the region of the maximum is not
very steevn and there are only slight differences between
PH 3.8 and 4.2. About 68 per cent of the nitrogen is pre-
cipitated; that is, 32 per cent remains in solution. From
the data in Table IX it is observed that about 19 per cent
of the extracted nitrogen is non-protein nitrogen, there-
fore, about 13 per cent of the nitrogen remaining in solu-
tion is protein nitrogen. The graph obtained by plotting
the amount of hydrochloric acid added against the hydrogen
jon concentration (Fig. 8) is similar to a protein titra-
tion curve with the onset of buffering at > pH 6 and a
strong buffer region from < pH 4.

Table XIIT shows the effect of time of standing after
adding hydrochloric acid to an extract, exactly the same
amount of acid being added in all cases. One hour stand-

ing gives maximum precipitation and longer perliods are



61

TABLE XII - Effect of hydrochloric 2cid on nitrogen pre-

cipitation and hydrogen ion concentration of
an extract.

Hydrochloric Nitrogen
acid precipitated

(ml. of 0.05 XN) pH (per cent)

o) 6,75 0

1 6.3 11.5

2 5.9 37 +8

5] De35 D27

4 4.8 62.3

4.5 4,65 64.0

5 4.3 669

5.5 4.2 67 .5

6 4.0 68.1

6.5 3.8 67.5

7 3.6 66.2

8 3.3 64.5

9 3.1 6348

10 2.9 57.1

not so effective, probably pecause protein breakdown in-

creases the solubility of the nitrogen.
The protelins precipitated had a high content of

phosphorus and pentose. 1t was agsumed that these com=-

ponents were contributed by ribonucleic acid, and that the

wheat germ ribonucleic acid 1s sdentical with yeast nucleic
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TABLE XIII - N?trogen precipitation as influenced by
time of standing.

Time of Standing pH Nitrogen precipitated
(hrs.) . (per cent)
0.0 4,10 59.9
0.25 4,10 61.8
0.50 4,10 63.5
0,75 4,15 66.5
1.00 4,15 67 .2
2.50 4,20 62.6
4,50 4,20 60.2

acid. It was also assumed that the fundamental unit of
the complex nucleic acid was the tetranucleotide struc-
ture as postulated by Levene (16) and that exactly 50

per rent of the ribose reacted in the quantitative orcinol
test. On the basis nf these assumptions the proteins

contained about 21 per cent nucleilc acid and they were

called nucleoproteins.

(b) Reprecipitation of nuclecrrotelin.

A 1:15 extract of 160 g. of fresh wheat germ was nra-
rared and 60.9 per cent of the nitrogen was extracted.
The hydrogen ion concentration was adjusted to pH 4 by
careful addition of dilute wwérochloric acid and =2fter
one hour the precinitate was ccllected by centrifuging

and the supernatant analyzed for nitrogen. The precipitate
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was resuspended in a smaller volume of distilled water

at a hydrocen lon concentration lower than pH 7 by addiro
a small volume of a dilute sodium hydroxide solution and
the solution analyzed. After readjusting to pH 4, a
second preclipitate was collected and a third precipitation
was carried out in a similar manner. The results are

shown in Table XIV.

TABLE XIV - Successive precipitation of the nucleoprotein

fraction.
Precipi- Nitrogen concentration Nitrogen precipitated
tation pPH in extract in super- Per cent of Per cent of
natant extracted N. wheat germ N.
(me./ml.) (mg./ml.) (calculated) (calculated)
1st 4,05 2.4 0.86 63.7 38.7 "
2nd 4.10 2.5 0.21 90.0 34.8
srd 4,05 4,0 0.31 93.5 32.5

The volumes involved in each extraction were carefully
noted to permit calculation of the values shown. In the
third precipitation 93 per cent of the nitrogen is recover-
ed. Most of the non=-protein nitrogen and the protein
nitrogen not precipitated at pH 4 was Aiscarded in tre
supernatants. The fimal mrecipitate weighed 19 g. (air
dry) and contained 15.19 per cent ritrogen and 4.81 per
cent pentose (reacting), which is equivalent to 20.8 per

cent nucleic acid. Therefore, about 4 g. of nucleic acid
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were recovered from 160 g. of wheat germ. Thus, wheat
germ contains at least 2.5 per cent of ribonucleic acid
ag a nucleoprotein.

A similar experiment was carried out using a 1:15
extract of 100 g. of stale wheat germ containing only
52.2 per cent nitro~men (Table XV). Five precipitations
were carried out and a portion of each precipitate was
analyzed for nitrocen and pentose. The precipitate was
dried with absolnte ethyl alcohol and ether and allowed
to come to moisture balance with the alir. The recoveries
were less than in the previous experiment, even slightly
less than the lower extraction would account for. For
example, the extraction obtained in the experiment re-
corded in Table XV is 85.6 per cent as efficient as the
extraction obtained in the experiment recorded in Table
XIV, but the nucleoprotein recoverad on the third precipil-
tation recorded ir Table XV is only 79.2 ner cent of the
nucleopro tein recovered on the third precipitation recorded
in Table XIV. The values for nitrogen and pentcse show
that the precipitates are fairly similar; part of the
differences mi~»t be due to molsture which cannot be

measured because the samples are too small. More than

97 per cent of the nitrogen is recovered in the fifth

precipitation.
A study of the solubility of these nucleoproteins at



TABTE XV -

Effect of successive precipitat’ ons on the nucleoprotein fraction.

Lo - a — - — .

Pre- Nitrogen concentration Nitrogen precipitated Compositicn of precinitate
cipt- o (air dry basis)
ta- in extracts in super- Per cent N. Per cent N. Nitrocen Reacting Nucleic
tion. ©pH natant in extract 1in wheat (per pentose actd
(mg./ml.) (mg./ml.) (calculated) germ cent) (per (per

_ (calculated) cent’ cent)
lst 4,20 2.0 0.78 60.4 31l.4 14.8 4,8 19.5
2nd 4,17 2.1 0.23 89.8 28.1 15.3 4,8 20.8
3rd 4,09 2.2 D.14 02.4 25,9 15.4 5.1 21.8
4th 3.95 2.3 0.12 95.5 24.8 15.3 4,7 20.4
5th 4,05 3.4 0.10 97 .5 24.2 15.1 4.6 20.0

L9
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various hydrogen ion concentrations and after two and
three preclpitations was carried out and the data are

shown in Tables XVI and XVIT and Figure 9.

TABLE XVI - Effect of hydrocen ion concentration on solu-

bility of a nucleoprotein reprecipitated
three times.

Nitrocen Precipitated

in supernatant Nitrogen

pH (mg./ml.) (per cent)
9.65 0.510 0.0
75 0.505 1.0
6 .27 0.502 | 1.5
5.43 0.475 6.9
4,98 0.288 41.6
4,52 0.112 78.2
4,40 0.025 95.0
4,10 0.013 97.5
3.75 0.022 | 96.0
3.37 0.048 91.0
3.00 0.104 79.6

2,58 0.325 365
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TABLE XVII - Effect gf hydrogen ion concentration on
golubility of a twice precipitated nucleo-

protein.

" irecipitated  orecipitated  mssislo aci renain:
L (per cent) (per cent) inc in solution.
5.95 2.1 1.2 19.8
5.65 5.4 1.8 20.3
5.40 8.5 4,8 20.4
5.20 11.3 5.0 21.1
5.00 45.2 34.6 21.5
4.90 76.9 73.6 22,3
4.45 92.9 91.2 24.7
4.00 94.5 98.1 18.9
3.70 92.0 94,4 15.0
3.00 50.5 ~ 6l.9 15.2
2.60 37.4 48,7 16.0

Again the nucleoproteins are least soluble at pH 4. The
two curves are very similar to that in Figure 7 except
that repeated precipitation gives a greater recovery in

the precipitate and the hydrogen ion concentration for

precipitation is more critical. Table XVII shows that

pH 4 is also maximal for precipitation of nentose (i.e.
nucleic acid) and in the last column the per cent nucleic

acid in the supernatant is given as calculated‘from the
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nitrogen : pentose ratio (i.e. disregarding any contamin-
ants not containing nitrogen). These fi-ures show that
there is considerable variability in the composition of
t»e nucleoproteins precipitated at different hydrogen ion
concentrations. At pH 4 the nucleoprotein precipitated
may have a slightly higher nucleic acid content than the

solution from which it is derived.

(c) Variability of the composition of nucleoproteins.

From a studv of the data recorded in the last column
of Table XVII, it was realized that nucleoproteins of
different nucle ic acid content could be isolated depend-
ing upon the hydrogen ion concentration for precinitation.
This was canfirmed in several exper iments not recorded in
this thesis. Quantitative results cannot be reported be-
cause substances are present in the aqueous extract of
wheat germ which interfere with the pentose determination.
Double precipitation of the nucleoproteins 1s recommended,
otherwise the pentose test cannot be regarded as entirely
reliable. This variability in the composition of nucleo-
proteins may be due either to the fact that in nature
there exists a series of nucleoprotein complexes with
different percentages of nucleic acid, or, that, during
the isolation and precipitation some of the protein is

denatured. Possibly both factors are involved. These
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observations, however, do not alter the earlier conclu-
sion that precipitation at pH 4 is best for & maximum
recovery of nucleic acid in nucleoproteins containing
about 21 per cent nucleic acid.

The followin~ experiment indicates the nossibility of
isolating nucleoproteins of different nucleic acid content
from the same solution. A 500 g. portion of wheat germ
was extracted for 20 minutes with 5 liters of water. The
nucleoproteins were twice precipitated at pH 4 and resus-
pended in water containing sufficient sodium hydroxide to
give 1200 ml. of solution of pH 6.8 (Solution A). A 500
ml. aliquot of Solution A was adjusted to pH 6.0 with
0.25 normal hydrochloric acid, and centrifuged after
standing 3 hours (Solution B). The residue from Solution
B was precipitated three times at pH 6 and redissolved
(Solution C). The supernatants from these three preclpi-
tations were combined (Solution D). Supernatant Solution
B was adjusted to pH 5 and centrifuged (Solution E). The
residue from Solution E was precipitated three times at
pH 5 and redissolved (Solution F). The supernatants from
these three precipitations were again combined (Solution G)
The Solutions C, D, F, G, and E were analyzed for nitro-
gen and pentose and were of known volume so that the
uld be calculated as per cent of the orizinal

results co

amount in the 500 ml. aliquot of Solution A. The total
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recovery was also calculated (H) as a percentage of the

original.

TABLE XVIII -

These data are presented in Table XVIII.

Separ at ion of various nucleoprotein fractions
from a nucleoprotein solution.

Let-
ter
in
text

Descrip-
tion of
Material

Fresh Nucleoprotein Solu- Nucleoprotein Solu-
tion stored

tion

at pH 8.8

As per cent of Calculated As per cent
of total

total

Nitro-
cen

per cent

Pentose nucleic

acid in
fraction

Nitro-

sen

Pen-
tose

Calculated
per cent
nucleic
acid in
fraction

Precipi-
tated 3
times at
PH 6

Combined
super -
natants
at pH 6

Precipi-
tated 3
times at
pH 5

Combined
super-
natants
at pH 5

Left in
solution

2745

38.4

17 .2

2.9

after re-

moval of
the two

9.9

precipltates

Total
recovery

97 .9

19.1

34.4

16.6

23.9

2l.2

21.8

23.3

29.4

58.6

24.6

23.8

41 .2

29,7

1.8

8.2

104.7

16 .6

32.9

28.1

3.2

20,9

101.7

16.8

19.4

23.2

43.2

62.0

23.6
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Another 500 ml. portion of Solution A was adjusted
to pH 8.8, stored in the ice box for a week and then
treated exactly as the first portion. This experiment
involved an error of at least 4 per cent because the per
cent recovery varied from 97.5 to 104.7 and the per cent
nucleic acid in toto varied from 23.6 to 24.6. However,
the data (Table XVIII) show that nmite different fractions
can be recovered from a nucleonrotein which ras alrendy
been reprecipitated twice at pH 4. In more alk%sline solu-
tion the nucleoproteins precipitated contaln leas nuecleic
acld. The marked difference between a freshlv prepared
nucleonrotein, which has not been exposed to a pF hichar
than 7, and one stored at pH 8.8 for one week Iindicates
that denaturation facilitates tre senaration of the rro-
tein from the nucleic 2c¢id and also thet Jdenaturation 1s
a major factor in the formation of various nucleoprotein
fractions. However, the possibility that a variety of

nucleoproteins are present in the living cell is not

eliminated.

From this and other similar experiments it i1s apparent
that to obtain maximum precipitation at pH 4 it is advis-
eble to extract and repreciplitate under as mild conditions
as possible in order to avoid disrupting the 1link between
nucleic acid and the protein. The protein is actually

used here as a precipitant for the nucleic acid in the
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process of washling out other substances which would be
considered contamlinants. As the wheat cerm becomes stale
and the isolation procedure more drastic, the nucleo-
protein bond is ruptured so that lower recoveries of
nucleic aéid are ootained. A hydrogen ion concentration
of pH 4 appears to be a mixed isoelectric point of the
nucleic acid and the protein. Obviously the protein has
a higher isoelectric point, which 1s reasonable for an
albumin, and the nucleic acid a lower one. If the two
are‘linked together, then optimum precipitation occurs
at pH 4. Durinc the process of splitting the nucleic
acid from the protein, the nucleic acid seems to become
more soluble and recoveries diminish.

To summarize this section on the isolation of nucleo-
proteins from a water extract of wheat germ with the ob-
ject of obtaining a good recovery of nucleic acid, it has
been shown that when a fresh sample of Wheat germ 1s used
and the best procedures followed, 2.5 per cent of the
wheat germ can be recovered as a nucleoprotein containing
about 20 per cent nucleic acid. Most of these nucleopro-
teins give a negative test with Dische's diphenylamine

reagent (86) indicating that no detectable amounts of

desoxyribose nucleic acld are nresent.
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IIT. PREPARATION OF CRUDE NUCLEIC ACID SOLUTIONS
(a) Using Barium Acetate.

Jorpes (55) and other workers (37, 79) have used
barium acetate to precipitate ribonucleic acids. Aliquots
of a nucleoprotein solution,containing 20.9 per cent nucleic
acld, were adjusted to various hydrogen ion concentrations
in the range of pH 6.5 - 11,5 and the molar concentration
of barium acetate was varied from 0.02 to 0.3 M. After
centrifuging, the supernstant liquids were analyzed for
nitrogen and pentose. The best result was obtained at
pH 7 and 0.3 M barium acetate, where 80 per cent of the
nucleic acid was precipitated as a nucleoprotein contain-
ing 25 per cent nucleic acid. ™n a similar exneriment a
nucleoprotein solution,containine 18.9 per cent nncleic
acid, was msed. HoWever, this nucleoprotein had been ex-
posed to an excess of alkalil (pH 9.5). At pH 9.5 and
0.3 M barium acetate, 90.5 per cent of the nucleic acid
was recovered as a nucleoprotein containing 27.4 per cent
nucleic acid.

Two nucleoprotein solutions were prepared, one by a
"milg" ané the other by a "drastic" procedure. Two 100 g.
portions of wheat germ were extracted for 10 minutes with
800 ml. of water and, after centrifuging, the residues
were again extracted with 700 ml. of water, giving an

overall ratio of one part of wheat germ to 15 of water.
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The first and second extracts were combined in each case
and one solution adjusted to pH 4 ("mild procedure") and
the other to pH 3.6 ("drastic procedure"). The resulting
precipitates, separated by centrifuging, were redissolved
to give 650 ml. each of solutions of pH 6.6 and 9.5, res-
pectively. They were precipitated again in a similar
manner at pH 4.2 and 3.7 and redissolved to zive two solu-
tions of 300 ml. each and of pH 6.3 and 9.5. For conven-
ience the two solutions will be referred to as "mild" and
"drastie". The "mild" solution contained 3.19 mg. of
nitrogen and .75 mg. of pentose per ml., indicating that
the nucleic acid represented 16.6 per cent of the nucleo-
protein. The "grastic" solution contained 3.26 mg. of
nitrogen and .74 mg. of pentose per ml., or 15.9 per cent
nucleic acid. Each solution was divided inrto two portions,
one was adjusted to pH 9.5 and the other to pH 6.6. These

hydrocen ion concentrations were sucrrested by Jorpes for

barium acetate precipitation. To 10 ml. portions of each

of the four solutions, 10 ml. aliquots of various barium
acetate solutions of the corresponding hydrogen ion con-

centration were added to give concentrations ranging from

0.1 to 0.8 Molar. The results are civen in Table XIX and

Figures 10 and 1ll.
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TABLE XIX - Effect of hydrogen ion concentration and amount

of ba?ium acetate on the precipitation and
purification of nucleic acid.

Proced- Barium Precipitation at pH 6.6 Precipitation at pH 9.5

ure for acetate Pre- Pre- Nucleic  Pre- Pre- Nucleic
nucleo- concen- cioni- cipi- acid in cipi~- cini- acid in
protein tration tated tated precipi- tated tated precipi-
prepar- (M) N. (per nen- tate N. (per pen- tate
ation. cent) tose (per cent) tose (per
(per cent) (per cent)
cent) cent)
0.1 77.3 80.4 17.0 78.2 83.4 17.5
0.2 71.1 77 .4 17,9 75.6 82.9 18.0
"Milg" O.4 65.2 74.9 18.8 71.9 82.1 18.56
0.6 64.1 74.6 19.0 70,8 81.9 18,8
0.8 65.4 74.5 18.6 73.5 R2,2 18.4
0.1 81.0 94 .4 18.3 82,7 95.3 18.1
0.2 74,0 93,6 19.8 77.2 05.2 19.4
"Drastic"0.4 70.3 93.6 20.9 71.5 94.8 20.7
006 70.0 9209 20.9 7105 9401 20.6
0.8 73.0 92.8 20,0 74.0 93.6 19.9

The supernatants obtained in the above precipitations were
analyzed, the percentages of nltrogen and pentose in the
precipitates were calculated and from this the amount of
nucle ic acid in the precipitate was estimated. The results
111ustrated in Wizure 10 show that a much creater recovery

of pentose 1s obtained 1in the barium precipitate from the



160}

79

— — « Pentoce

Hitrozen

95_ o \'\
\‘ " )
~— . . —o— v \.
\-ﬂ~_ — o ——
. "Dracstic" pH 9.5
' — - —— "Dractic" pH 6.6
........ eeme M1A" vH 9.5
————— "MilA" pPH 6.6
85+
Lo
L))
)
©
)
3, 80F
e
(&)
0]
5
of
e
o
o 79t
£
&
a,
70 b
695 F
60 |
O e . % | l8
0.1 0.2 0.4 0.6 O
Barium acetats conc. (moles)
Figure 10 - mffect of hydrogen ion concentration and amount of

barium acetate on nitrocen and pentose content of
the precipitation.



tate (ca’culated)

18]

.A_“i

in vreci

acid

Per cent nucleic

"Dpractic™
" Dra St iC"
" ian

"luilan

6.6 60— —

Ved or - —

6.6 om--mnceee

905 O e — — —@

Figaire 11 -

Effect of hydrogen ion
concentration and amount
of barium acetate on the
precipitation of nucleic
aeid.

0.2
® v

Barium

0.4

acetate concentration (moles)



81

"grastic" as compared to *the "mild" solution. The hydro-
gen ion concentration at which the precinitation is

carried out has slight effect in the case of th e "drastic"
solution, whereas with the "mild" solution hich pH tends

to give results which are intermediate. The barium concen-
tration has little effect on the amount of pentose in

the precipitates once the nucleic acid-protein bond is
weakened, but it seems to have a marked effect on the
solubility of the nitrogen, exhibiting a salting-in

effect up to 0.6 M when a salting-out effect becomes
apparent. Jorpes recommends a barium acetate concen-
tration equivalent to 0.147 M. Figure 11, in which the

per cent nucleic acid in the precipitates obtalned from
the four solutions is plotted against barium concentra-
tions, shows a very marked difference between the "drastic"

and "mild" procedures, and a very slight difference due

to hydrogen ion concentration of precipitation. To under-

line the significance of the results in Figure 11 it

should be added, for example, that with 0.4 M barium

acetate from the "qrastic" solution 93.6 per cent of the

nucleic acid is recovered at DI 6.6 in the form of a

nucleoprotein containing 20.9 per cent nucleic acid and

94.8 per cent of the nucleic acid is recovered at p¥ 9.5

in the form of a nucleoprotein containing 20,7 per cent

nucleic acid; whereas from the "mild" solution 82.1 per
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cent of the nucleic acid is recovered at 9.5 in the form
of a nucleoprotein containing 18.5 per cent nucleic acid
and 74.9 per cent of the nucleic acil is recovered at

PH 6.6 in the form of a nucleoprotein containing 18,.8
per cent nucleic acid.

Obviously alkaline treatment hydrolyzes the bond in
the nucleoprotein or denatures the protein so that the
nucleic acid is liberated. A nucleoprotein solution
freshly prepared by the "mild" procedure was divided
into six fractlons, adjusted to pH 6.6, 7.5, 8.5, 9.5,
1l0.5 and 11.5. These solutions were then stored in the
ice-box and at intervals up to 31 days the hydrogen ion
concentration was readjus ted and a sample of the super-
natant solution taken for analysis. A portion of the
supernatant was precipitated with 0.2 M barium acetate
and the supernatant again analyzed. The results were
compared with analyses done at zero time. The initial
and final results are reported in Table XX. During the
period of storage the solution at pH 1ll.5 was discarded
because it showed a higher nucleic acid concentration in
the supernatant liquid than in the barium acetate precipi-
tate. The significance of this was not recognized until
later (see below). The data in the last line of Table
¥X which were obtained by subtracting the per cent nucleic

acid in the precipitate from the per cent nucleic acid in



TABLE XX - Effect of storage at 5°C. on precipitation of nucleic acid by barium acetate.

pH of precipi-
tation and
storage

7¢5

Bed

945

10.5

Time of stand-
ing before pre-
cipitation
(days)

Nitrogen in
solution

(mg./ml.)

Pentose in
solution
(mg./ml.)

Per cent
nucleic acld
in solution

Nitrogen
precipitated
(per cent)

Pentose
preciritated
(per cent)

Per coent
nucleic acid
in precipitate

Increase in
per cent
nacleic acid

1.652

0.517

21.8

62.1

79.°2

27 .9

6.1

31

1.820

0.509

45.4

76.8

35.0

13.4

1,755

0.548

2148

61l.8

80.8

28.6

6.8

31

2.128

0.545

17.9

50.1

80.9

29,0

11.1

1,792
0.561
?1.9
65.6

81.7

2e224

0.561

17.7

55,7

87 .5

27 .8

10.1

31

24156

0.621

20,1

68,8

84,9

24,8

4.7

31

19.4

60.8

8345

26.7

2.240

0.623

74.4

84,3

225

3.4

2.296

0.620

18,9

31

20.4

60.3

7163

23.4

3.0

2.164

0.632

¢8
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the nucleoprotein solution, show that, on inereasing the
pH of storage, the per cent of nucleic acid in the nucleo-
protein decreases and the effect of storage on the separa-
tion of nucleic acid is less beneficial at higher pH:.
actually, at pH 10.5 there is less separation of nucleic
acid after 3l days' storage. Apparently, during the
splitting of the nucleic acid-protein bond some other
changes occur in the protein which eventually cavse the

" protein and nucleic acid to be co-precipitated. At nH
11.5 the protein was preferentially precipitated. It also
seems that these changes in the protein occur before the
nucleic acid is completely liberated from the protein.

The alkali treatment might be prolonged so as to permit
preferential precipitation of the protein while most of
the nucleic acid would stav in solution.

A similar experiment was carried out using a nucleo-
protein solution prepared by a "drastic" procedure. Ali-
quots were stored at room temperatres at pH 6.5, 7.5,

8.5 and 9.5 and were protected by a layer of toluene.
Durinc storage the hydrogen ion concentration changed
quite rapidly, tending to drop, the change being greatest

at high pH, but the solutions were readjusted dailv to the

oricinal value. Table XXI gives the data for zero and 15

days' storage. Before taking the sample for analysis and

precipitation, the solutions were centrifuged to remove



TABLE XXI - Effect of storage at room te
cipitation of nucleic acid b
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mperature on pre-
y barium acetate.

pH of storage

6.5

7.5

8.5

9.5

Time of stand-

ing before

precipitation
(days)

0]

Nitrogen in
solution
(mg./ml.)

Pentose in
solution
(mg./ml.)

Per cent

nucleic acid
in solution
(calculated)

1.54

0.435

19.8

Nitrogen
precipitated
(per cent

76.8

Pentose
precipitated
(per cent)

83,7

Per cent
nucleic acid
in super-
natant.

12.0

Change in
per cent
nucleic acid
in super-
natant.

"708

15

. 756

0.361

33 .4

24,7

3.31

43.2

+9.8

1.587

0.447

19.9

78.6

86.4

12.6

15

1.51

0.464

21.4

65.3

28.5

43,7

~7.3 “22.5

1.57

0.435

19.4

7749

86.2

12.2

15

1.55

0.464

20,9

63,8

30.8

$19.3

1.54

0.435

19.4

76.1

87.2

10.6

-8.8

15

1.54

0.464

20.8

l72.3

50.5

22.7

+1.9
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flocculated raterial and this accounts for the siight
differences in the analytical results prior to precipita-
tlon. Under the conditions of this experiment and after
15 days' storage, protein was pPreferentially precipitated
by barlium acetate at a lower PH. At a higher pH nucleic
acid is also precipitated so there isg very ineffective
separation of nucleic acid from protein. Barium scetate

is not, under these conditions, an efficient reagent for
the preparation of nucleic acid from an extract of wheat
germ. However, these studies wers advantageous in planning

subsequent exper iments.

(b) Denaturation and isoelectric precipitation of the proteins.
The results in Table XVIII indicated that after 8
days' storage at 5°C. and pH 8.8 it is possible to prepare
a nucleoprotein containing 62.0 per cent nucleic acid from
a nucleoprotein cmtaining 23.6 per cent nucleic acid, but

the recovery of nucleic acid is only 20.9 per cent. From
the preceding experiment mising barium acetate it was also
realized that the removal of the protein after denaturation
might be effected by isoelectric precipitation. The four
solutions stored for 15 days at room temperature when mixed
together and centrifuged gave a solution of pH¥ 7.15 con-
taining 1.41 mg. nitrogen per ml. and 0.439 mg. of pentose

per ml. (i.e. 21.8 per cent ribonucleic acid in the nucleo-

protein). Aliquots of this solution were adjusted to
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different hydrogen ion concentrations and after centrifuging
the supernatant liquids were analyzed for nitrogen and ven-
tose. Results are shown in Table XXIT and Figures 12 and
13, waick also give, for comnarison, the data of Table

XVII obtaired from a "mild" preparation without storage.

TABLE XXIT - Solubility of denatured nucleoprotein at
various hydrocer ion concentrations.

———— . s e —— -

pH Total nitrogen Pentose in Calculated Calculated
in solution solution protein nitro- purity of
(per cent) (per cent) gen in solu- nucleic acid
tion (per ir solution
cent) {pner cent)
6.55 98.9 100.0 97.5 22.0
6 .00 97 .7 99.0 96 .2 22.1
5,40 34.5 86 .4 19.8 54.7
BL.1h 30.7 84,4 15.5 60.3
4,65 27 .1 77.1 1%.0 61.9
4,45 28.8 74,5 16,0 56.4
5.95 54,3 68.0 50.0 26.8
3,60 71.2 76.5 68.9 23.5
3,35 97.3 94,3 97.2 21l.2
2.85 100.0 98.8 99.3 21.5

After denaturation the solubility of the nucleic acid is

sreatly increased but the hydrogen 1lon concentration for

minimum solwbility is still close to pH 4. The arount of
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nitrogen precipltated in the case of the "drastic" prepara-
tion is almost as great as with the "milg" preparation,
particularly if correction is made for the nitrogen content
of the soluble ribonucleic acid (see column 4, Table XXII),
but the hydrogen ion cmcentration for minimum solubility
1s shifted to a higher value about pH 4.65. This experi-
ment indicates that by adjusting the hydrogen ion concen-
tration of a denatured nucleoprotein solution (21.8 per
cent nucleic acid) to pH 4.65 and centrifuging, the super-
natant liquid contains 77.1 per cent of the originél
nucleic acid in a nucleoprotein containing 61.9 per cent

nucleic acid.

(c) Using ethyl alcohol.

The hydrogen ion comcentration for maximum precipi-
tation of the protein fraction (about pH 4.65) and of the
nucleic acid fraction (about pH 4) are too close to give a
sharp separation. Perhaps the addition of ethyl alcohol
would shift the titration curve of the protein towards
higher hydrogen ion concentrations without affecting

markedly the solubility of nucleic acid and, therefore,

permit a better separation. It was difficult to measure

the hydrogen 1ion concentrations of alcoholic solutions.

The values reported werse taken after the readings were

constant for some time.
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An experiment was carried out with aliquots of a
nucleoprotein solvtion prepared by the "mild" procedure.
Six solutions of ethyl alcchol of different concentrations
were prepared. Two aliquots of each of these solutions
were taken, the hydrogen jion concentration of the first
was adjusted to give a clear supernatant liquid and the
second to give a slightly higher pH value. The results
are shown in Table XXIII and they indicate that the bond
between the protein and the nucleic acid has to be weakened
before a successful separation can be obtained. It is also
evicent that higher alcohol concentrations and lower pH
values cive rncleic acid of a higher purity and that at
lower alcohol concentrations and hicher pH values more
nucleic ac¢id is recovered. The results with alecohol con-
centrations lower than 40 per cent do not differ markedly
from water. Actually these results are not very conclusive
because a better hydrogen ion concentration for precipita-
tion might exist for the same concentration of alcohol.

The same nucleoprotein solution was divided into ali-
quots which were adjusted to pH 9, 10 and 11, made up to

different concentrations of alcohol and heated for one

hour at 80°C. A minimum amount of hydrochloric acid was

then added to give, on centrifuging, a clear supernatant

ligquid which was analyzed. The hydrogen ion coneentration
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TABLE XXIII - Isoelectric ang ethyl alcohol precipitation

of a nucleoprotein solution prepared
"mild" procedure. propared by the

Ethyl pH of Supernatant
alcohol precipi- Nitrogen Pentose Purity of Appear-
concen- tation (per (per nucleic acid ance.
tration (arrrox.) cent) cent) (per cent)
(per cent)
90 8.0 9.7 22.6 40,9 Clear,
8.1 54.3 96.1 34,1 almost
80 clear.
7.6 3.0 14.8 - 96.1 clear.
8.0 03.8 100,0 20.7 turbid.
70
' 7.75 3.5 16 .7 91.1 clear.
7.7 100.0 100.0 10.4 turbid.
60
7.0 4.8 19.8 82.4 clear.
7.6 100.0 100.0 19.4 turbvid.
50
6.8 7.0 22.8 64.2 slightly
turbid.
7.6 100.0 100.0 19.4 turbid.
*0 6.8 18.9 37 .2 39.82 slightly
turbid.

was recorded. Table XXIV shows the results. A concentration

of forty per cent alcohol and pH 11 at time of heating gives

the best recovery, il.e. 73.2 per cent of the nucleic acid

present was recovered as a preparation containing 47.6 per
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TABLE XXIV - Isoelectr*e ang ethyl alcohol preci
hy ciplitation
of denatured nucleoproteins. ° )

Ethyl pH at pPH of Drops Supernatant
alcohol time of precipi- 0.25 W Nitroqen_%éntose Puritvy of
concen- heating.tation HCl. (per (per nucleic
tration (approx.) added cent) cent) acid (per
(per cent)
cent) _
0 11 6.5 21 24.9 46,9 36 .6

11 7.4 15 28.7 73.2 4'7.6
40 10 7.2 11 20,9 38,9 36.2

9 7ol 10 14.6 23.2 30.9

11 7.8 16 20.6 42,7 40.4
60 10 7.6 11 14.1 22,9 31.6

9 7.4 9 12.5 18.7 29.3

11 9.9 2 16.5 32.9 38.8
80

9 9.4 0 8.4 11.8 23.8

cent nucleic acid. A higher alcohol concentration and a
higher hydrogen ion concentration at the time of heatines
rives lower recoveries. The optimum hydrogen ion concen-

tration for precipitation is lower at lower alcohol con-

contrations. Heating for one hour at 80°C. and at pH 11
does not sufficiently weaken the nucleoprotein bond.
The next experiment was designed to determine the

optimum time of heating. Tn Table XXV data are shown
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TABLE XXV - Effect of time of heating on nucleoprotein

precipitation.

Ethyl Heating Drops pH of Supernatant
alcohol time 0.25 N precipi- Nitrogen Pentose Purity of
concen- (hrs.) HCl. tation. (per (per nucleic
tration added cent) cent) acid (per
(per cent)
cent) B

1 21 6.5 24.9 46.9 36 .6
0 2 17 6e3 12.5 23.2 36 .3

4 13 6.5 44 .2 8l1.0 35.7

1 15 74 28,7 73.2 4'7 46
40 2 12 7ed 3l.1 80,7 50.3

4 8 8.1 46.7 96.6 40.2

1 16 7.8 20.6 42.7 40.4
60

4 7 8.4 50 .8 81.0 30.9

1 2 9.9 1645 32.9 38.8
80 2 o) 10.0 22.1 45,1 3947

4 0 10.1 23.8 56.2 46.0

which were obtained from aliquots of the same solution,

all at pH 11, but with concentrations of alcohol of zero,

40. 60 and 80 per cent, and which were heated for 1, 2 and
3

4 hours at 80°C, After the addition of a minimum amount

of hydrochloric acid to obtain a clear supernatant solution,

these aliquots were centrifuged and analyzed. A concen-
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tration of 40 per cent alcohol again cave the best recovery
and highest purity; heating for two hours was def nitely bet-
ter than one hour and four hours' heatins was unsatisfac-
tory. These differences, however, were due in part to the
fact that the optimum.hydrogen ion concentration for pre-
cipitation was not yet determined and adjustments were made
visually relying on the point at which a clear solution was
obtained. /

Tn all previous experiments the ethyl alcohol was
always added before heatins, assuming it would facilitate
denaturation. of the nucleoprotein. The addition of the
alcohol after heating was next tried. The results in Table
XXVI show that the presence or absence of alcohol Avring
heating has little effect on the final results. Addition
of the alcohol after heating produces the same degree of
hydrolysis of the rrotein-nucleic acid bond and the protein
is more easily precipitated. The same amount of hydro-
chloric acid was added to the four solutions and, therefore,
it is interesting to note the dif ference in hydrogen ion
concentration. Heating was rarried out for 1.5 hours at
80°c. and pH 11. A 30 per cent alcohol concentration was
tried with no improvement over an aqueous solution.

A mare detailed strdv of the optimum time of heating

and hydrogen jon concentration for precipitation was carried

out on solutions of pH 11 which were heated at 80°C. for
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TABLE XXVI - Effect of order of addition of ethyl alcohol
on nucleoprotein precipitation.

Ethyl Time of Supernatant
alcohol alcohol '
concen- addition pH WNitrogen Pentose Purity of
tration (per (per nucleic acid
(per cent) cent) (per cent)
cent)

before

heating 9.1 42 .6 88.6 40.4
40

after

heating 8.7 38,7 88.2 44 .2

before

heating Q.2 45,8 84,0 34.8
50

after

heating 8.8 36.1 83.0 44.8

1.5, 2, 2.5 hours. To aliquots of these solutions different
volumes of 0.25 N hydrochloric acid were added and the
hydrogen ion concentration measured. Ethyl alcohol was

then added to give a concentration of 40 per cent. After
one hour the solutions were centrifuged and the supernatant
solutions analyzed. The results in Table XXVII show that
heating for 2.5 hours gives a higher recovery and creater
puritv. It is difficult to decidse which hydrocen ion con-
centration is best for precipitation, becaurce there 1s not

a sharp change. Probably the maximum recovery of nucleic

acid is the most important consideration.
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TABLE XXVII - Optimmm time of heatinge and hydr 4
: 1 ) o . _
centration for Precﬁ.pi%ation,yd gern 1ion con

feat- Hydro- _ ' Supernatant
ing c%}orlc n- Nitrogen Pentose ~ =it of Apnearance
time  acid approx. (per (per nuecleic o
(hrs.) added cent ) cent) acid (per
(ml. cent)
0.25 N)
0.75 8.8 47,7 91.3 28,7 turbis
0.80 8.5 38.0 9l1.9 45.1 slightly
turbid.
L5 0.85 8.3 33.0 91.9 45,1 clear
0.90 8.1 36 .4 92.5 47 .6 clear
0,95 7.8 35.3 91.3 48,2 clear
1.00 7.4 35 .3 90,7 48 .0 rlear
0075 805 4.'4:ol 95.0 4002 Slightly
turbid.
0.80 8.4 42 .4 95,0 42 .4 clear
0.85 8.1 37«3 95.0 48,3 clear
2.0
0.90 7.8 35.5 94,4 50.0 clear
0.95 7.6 3043 92.5 49,3 clear
1.00 7.4 3543 93.3 49 .6 clear
0.70 8.6 41.8  100. 44.6 turbid
0,75 8.4 42 .2 100. 44,3 slichtly
turbid.
0.80 8.2 40.4  99.1  45.7 slishtly
2.5 turbid.
0.85 7,9 38.0 98,2 48,3 clear
0.90 7.7 35.3 93.5 49 .6 clear
0.986 743 35.5 96.6 50.4 clear
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Since this experiment has shown that heatins for 2.5
hours gives the best recovery, the heating time was fiwrt-ar
extended to 3 hours at 80°C. and pH 11, followed by addi-
tion of alcohol to 40 per cent concentration and ad justment
of the hydrogen ion concentration to various levels rang-
ing from pH 4.1 to pH 8.6. The data are civen in Table
XXVIII.

TABLE XXVIII - The effect of hydrogen ion concentration on
the precipitation of a denatured nucleonro-

tein.
Supernatant .
Nitrozen Pentose Purity of nucleic
_pH (per cent) (per cent) acid (per cent)
8.6 43.3 99.0 41.8
7.8 390.6 100, 1 47 .6
7e3 36 .5 100.1 51.5
6.6 30.2 96.3 58,3
5.7 25.5 89.7 64.9
4,8 22.2 72.2 59,49
4,1 20,9 56.6 49.6

| ——— - > o —

Three hours' heating gives considerably higher recovery
and a purer nroduct than in the previous experiments. The

optimum hydrogen ion concentration for precipitation must

be between pH 7.3 and pH 6.6.

In all previous experirents the tests were done on
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small aligquots (usually 10 ml.) and no narticular care
conld be taken to avoid local concentration of acid while
ad justine the hydrosen ion concentration. Therefore, the
results cannot be quite the same if local concentration of
acid is reduced to a minimum as when dilute acid (0.25 N
hydrochloric acid) is added ver slowly through a fine

bore plpette immersed in a fairly large volume of solution
and with vicorous stirring. This was demonstrated with

an 860 ml. aliquot of the solution employed to obtain the
data in Table XXVIII which had been denatured and contained
40 per cent alcohol. This solution was carefully adjnsted
to pH 7, and gave complete recoverv of nucleic acid in the
supernatant solution. The purity of the nucleic acid was
62 per cent. It would appear, therefore, that when nucleic
acid is precipitated by local concentration of acid, it
redissolves with difficnlty and this reduces the yield.

In addition, the stirring may speed the attainment of elec-
tric balance between the nrotein and the fluld, thus

facilitatino precipitation and improving the "mritye.

(4) Method of preparing a crude nucleic acid solntion.
A typical procedure was as follows:-
A 1800 g. portion of finelv c¢round wheat sjerm was ox-

tracted for 15 minutes with 18 l. of water (1:10) and
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immediately centrifuged for 10 minutes at 3000 r.p.m. Only
16 1. of supernatant solution of pH 6.65 were recovered

and more than 11 per cent of the extract was retained in

the residue. The solution was mechanically stirred and

1600 ml. of 0.25 N hydrochloric acid were added which caused
the hydrogen ion concentration to drop to pH 4.0. The re-
sultant suspension, after standing at least one hour, was
centrifuged for 10 minutes at 3000 r.p.m. and the super-
natant liquid was discarded. The precipitate was suspended
in 6400 ml. of water plus 50 ml. of 10 per cent sodium
hydroxide giving a hydrogen ion concentrétion of pH 7.0.
The opaque solutlon was centrifuged to remove undissolved
particles which resulted in a loss of approximately 2.5

per cent. To the 8440 ml. of opaque solution 585 ml. of
0.25 N hydrochloric acid was added,while stirring, to

bring to pH 4.0. After centrifuging for 10 minutes the
supernatant liquid was discarded and the residue suspended
in 4 1. of water plus 40 ml. of 10 per cent sodium hydroxide
giving pH 6.9. On centrifuging this solution some undis-
solved material was collected which represented a loss of

about 1.3 per cent. To 5750 ml. of supernatant solvtlon at

pH 6.85 a 410 ml. aliquot of 0.25 N hydrochloric acid was

added to zive pH 4.2. After centrifuging 10 minutes the

supernatant liguid was again discarded and the residue sus-

pended in 3 l. of water plus 90 ml. of 10 per cent sodinm
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hydroxide to give 4460 ml. of a nucleoprotein solution at
pH 1ll.1, containing 5.22 mg. of nitrogen and 1.71 mg. of
pentose per ml.,.in the form of a nucleoprotein containing
23.4 per cent ribonucleic acid. The solution contained
approximately 34 g. of nucleic acid, thus 1.9 per cent of
the wheat germ was recovered as r ibonucleic acid in the -
nucleoprotein solution. Correcting for the measured losses
incurred during the preparation, the yield becomes about
2.2 per cent. This yield is somewhat lower than was ob-
tained when working on a smaller scale where 2.5 per cent
of the wheat germ was recovered as nucleic acid from a
similar nucleoprotein solution. It must be remembered
~that the recovery depends chiefly on the freshness of the
wheat germ and the exposure to denaturafion dur ing prepara-
tion. In carrying out the procedure described above, the
solutions were kept at 50C. when not being handled.

An aliquot of the nucleoprotein solution prepared as
described above, and corresponding to the extraction of
approximtely 1600 g. of wheat germ, was heated for 3 hours
at 80°C. and pH 1l. Absolute ethyl alcohol was added to
give a concentration of 40 per cent, correcting for the .
0.25 N hydrochloric acid required to bring the whole solu-
tion to pH 7.35. All these additions were made Trite

slowly with vigorous stirring in order to avoid any local

concentration. After standing one hour the solution was
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centrifuged and from the decanted clear supernatant liquid,
78.5 per cent of the nucleic acid was recovered as a
nucleoprotein containing 79.5 per cent ribonucleic acid.

As the residue contained quite a lot of liquid it was
again extracted with water. Alcohol was added to a 40

per cent concentration and the hydrogen ion concentration
ad justed to pH 7.1l. The supernatant solution, after centri-
fuging, contained 14.5 per cent of the original nucleic
acid with a purity of 77 per cent. Summing the components
of the two supernatant solutions, after precipltation of
the protein fraction, the actual recovery 1is 93 per cent

of a product which was 78 per cent pure, while the
original nucleoprotein contained only 23 per cent nucleic
acid. This constitutes a loss of 7 per cent in preparing

a produét of over three times the original purity. Such
solutions will be referred to as crude nucleic acid solu-
tions.

During a few trials to obtain crude nuclelc solutions
following similar procedures, the recovery of nuclelc acid
from the nucleoprotein solutions varied from 85 to 97 per
cent with the purity ranging from 74 - 90 per cent. The
me jor variables involved are:

(1) The extent of hydrolysis of the nucleic acid from

the protein, which is dependent on the state of the

nucleoprotein before heating and/or the exact conditions
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of heating. Insufficient hydrolysis would cause a
low recovery, because the nucleic acid would tend

to precipitate with the protein. Too much hydrolysis
would tend to solubilize the proteins and would ~ive
a cruder nucleic acid solution.

(2) The optimum hydrogen ion concentration for the
precipitation of the protein in a 40 per cent alco-
hol solution is actually dependent on the extent of
hydrolysis. More hydrolysis requires a lower pH.

At a pH higher than needed there is not as complete
precipitation of the protein and the residue traps
more liquid. At a lower pH there is a greater loss
of nuecleic acid in the precipitate, but less liquid
is lost and a greater purity is achieved. 1In general,

higher purity means lower recovery.

IV. PREPARATION OF NUCIEIC ACID FROM A CRUDE NUCLEIC ACID
SOLUTION.,

(a) Precipitation of nucleic acid.

The concentration of nucleic acid in the crude nucleic
acid solution is low, at the most 0.4 per cent, but often
as low as 0.05 per cent, particularly in the solutions
obtaiﬁed by extracting the protein precipitate for a second
time. Therefore, these solutions are concentrated down
under vacuum at 50 - 60°C. to give a syrupy solution con-

taining more than 2 per cent nucleic acid plus the protein
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contamination. The small amount of insoluble material
which separates on concentrating is centrifuged off and is
mostly protein. The hydrogen ion concentration is then
adjusted to pH 4.0 and the amount of precipitate obtained
depends on the purity of the crude nucleic acid solution.
A study was made of this hydrogen ion concentration, but
this precipitation is not as sensitive to hydrogen ion
concentration as those previously deéscribed. The residue
consists largely of a nucleoprotein which has s fairly
high content of nucleic acid (25 to 50 per cent), thus as
much as 30 per cent of the nuclelc acid might be lost at
this stage. When alcohol is added to a concentration of
60 per cent in the clear supernatant solution, containing
nucleic acid almost exclusively, a precipitate is recovered
which represents about 90 per cent of the nucleic acid and
which can be called wheat germ ribonucleic acid. After
washing the precipitate three times with absolute ethyl
alcohol and ethyl ether a light white powder is bbtained.
The yield varies from 0.8 to l.4 per cent (generally l.l
per cent) by weight of the wheat germ. The purity was

always above 95 per cent. Some typical analytical data

will be given later.

(b) Purification of nucleic acid.

Nucleic acid preparations were purified with variable
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yields depending on the original purity of the material and
the degree of purification achieved. The method was very
similer to the one used in the actual precipitation of
nucleic acid from a crude nucleic acid solution. The follow-
ing experiment 1s civen as an example.

A 1.5 g. portion of a nucleic acld preparation,
equivalent to about 1.2 g. of pure nuecleic acid, (allowing
for molsture, sodium and impurities) was suspended iﬁ 10
ml. of O.1 N sodium hydroxide and 30 ml. of water added.

The resulting turbid solution at pH 5.7 was brought to

pH 4.0 and centrifuged after standing one hour. Sixty.ml. of
absolute ethyl alcohol were added to the clear supernatant
solution and, after two hours, the precipltate was recovered
by centrifuging. The nucleic acid was then suspended 1in

6 ml. of O.1 N sodium hydroxide, 20 ml. of water added and
adjusted to pH 4.0. Very little residue was obtained.

40 ml. of absolute alcchol were added to the clear super-
natant solution. After two hours the precipitate was
collected by centrifuging, washed three times with absolute
ethyl alcohol and ethyl ether and dried under high vacuum
at 50°Cc. A 0.90 g. portion of a white powder was recovered,
containing over 99 per cent ribonucleic acid (correct;ng

for moisture and sodium); this represents about 70 per

cent of the original nucleic acid before repurification.
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(c) Analyses of nucleic acids.

(1) Chemical analyses:

The theoretical values were calculated assuming that
the basic unit is the tetranucleotide structnure as postu-
lated by Levene (16) for yeast nucleic acid. This tetra-
nucleotide contains four phosphoric acid molecules, four
ribose molecules and one molecule each of the following:
adenine, guanine, uracil and cytosine. The total molecular
welght is 1303.6 with an empirical formula CS8H49029N15P4.
In the analytical method used, only fifty per cent of the
pentose in the tetranucleotide reacts with orcinol in the
presence of ferriq chloride. The pentose valvue which
should be obtained by analysis is thus only one half of
the theoretical value. For comparison, analyses were
carried out on yeast ribonucleic acid prepared by Schwarz
Laboratories Inc. (lot HN 4531) and claimed to be 97 - 99
per cent pure. Analytical results are reported in Table
XXIX  for two nucleic acid preparations (RNAI and RNAIV)
and one purified nucleic acid preparation (purified RNAI)

prepared from wheat germ by the described procedure.

RNAI was prepared from 1800 g. of wheat germ with a yield

of 1.2 per cent. RNAIY was prepared from 1000 g. of wheat

serm with a yield of 1.1 per cent. Purified RNAI was

obtained by reprecipitating a portion of RNATI twice with
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- Chemical analvses of some nucleic acid

prenarations.

Ribo-
nucleic
acid
sample

Moisture
(per cent)

Sodium
(per cent)

Nitrogen
(per cent
drv & Na
free)

Phosphror-as
(ner cent
drv & Na
free

N ¢ P
ratio

Purity
(per cert)
using
Nitrogen
as base

Purity
(per cent)
using
Phosphorus
as base

Reacting
pentose
(per cent
dry & Na
free)

N : pentose

ratio

RNAT

2.8

16.33

8.91

1,72

95.10

93.89

21.74

0.705

RNATV

8.5

3.2

9.08

1.71

96 .27

95.38

22.07

0.703

Purif ied
RNAT

2.5

AV]
L]
0)]

16.01

99.32

22.96

0.697

Schwarz

Theoretical

o - v

8.7

1.0

9.40

1.70

99.00

98,74

22.86

0.698

16.12

9.82

1.69

100.00

100.00

23.01

0.70

s+ one half theoretical value as explained in text.
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a recovery of 75 per cent, (i.e. it represents about 0.75
per cent of the wheat germ). The per cent moisture and
sodium can be reported to the first decimal only, because
their estimation involves quite a large error. Phosphorus
and nitrogen determinations were done quite accurately but
the accuracy of the values reported is dependent on the
moisture and sodium content. The purified RNAI and Schwarz
samples gave values agreeing closely with the theoretical.
The differences can be accounted for by the precision and
accuracy of the methods employed. The analyses on samples
RNAT and RNAIV indicate that most of the impurities present
are not nitrogenous. The fact that the rer cent reacting
pentose is in agreement with the other results (i.e. nitro-
gen pentose ratio) is imdicatlion that the assumptions made
were justified. All these preparations gave a negative
test with Dische diphenylamine reagent (86).

(2) Spectrophotometric analyses:

The samples which were analyzed chemically were also
analyzed spectrophotometrically and in addition a solution
of crude nucleic acid which was diluted to the required
concentration in terms of reacting pentose. From 1ts nitro-
gen pentose ratio this crude nucleic acld was found to con-
tain 20 per cent nitrogenous impurities, but possibly also
other contaminants not containing nitrogen were present.

A Beckman photoelectric quartz spectrophotometer was used
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with square cuvettes one cm. wide. The slit was kept at
a constant aperture of 15 ﬁ. The solutions were adjusted
to contain 10 ug. of nucleic acid per ml. (after correc-
tions for moisture and sodium) in 0.005 N phosphate
buffer at pH 7 and 0,0001 N sodium hydroxide (sodium hy-
droxide was used to dissolve the welighed nucleic acid be-
fore diluting). The actual hydrogen ion concentration of
the solutions varied between pH 7.12 and 7.15. Readings
were taken between 220 and 310 mp. and recalculated as
extinction coefficlents for 1 cm. layer of a 0.1l per cent

solution (1 mg./ml.) of the moisture and sodium free sam-

1
ple (B3 55 = g3 log =f

where x = thickness in cm. and
C = concentration in mg/ml).

The results are shown in Table XXX and Figure 1l4.
All absorption curves show a typical maximim at 260 mu.
and minimum at 230 mp. On the longer wave length side
of the maximum the curveswﬁave a steeper slope than on
the other side. The depression of the minimum appears to
be reduced by impurities contalning nitrogen (protein) as
is particularly well shown in the case of the curve for
crude nucleic acid which otherwise follows the curves for
the purest samples. RNAI and RNAIV have slightly lower
maxima than the other samples, showing that they contailn

some contaminant which was weighed as nuclelc acid.

Assuming that the absorption of nucleic acid at 260 mp.
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TABLE XXX =~ Light absorption data of some nucleic scid
preparations.

Wave Purified Crude

length Schwarsz RNAT RNAT RNATIV nucleic acid

(mp. ) (E)a (EA (EA (E)A solution (E)\

220 14.8 15,2 16.9 16.5 21.1

225 11.0 11.7 13.3  13.1 15.4

230 10.5 11,1 12.0 11.7 13.8

235 12.0 13.0 14,9 13.9 14.3

240 15.5 18.2 17.9 17.5 18.3

245 20,7 23.0 22.9 23.0 22.7

250 25.9 27.9 25.7 26.5 26.9

282 27 .7 29.0 26.7 27.4 28.6

254 20 .2 30.1 27.4 28.5 29.8

256 30.0 3045 é7.5 28.8 30 .6

258 30.1 30.6 27.6 28,9 30.8

260 30.2 30.7 27.7 29.0 .30.9

262 29 .7 29.9 26.7 28.3 30.3

264 28.3 26.8 26.9 27.7 29,5

266 26.6 27 .7 24,9 26.7 28.5

268 25 .4 26,4 24,1 25.5 27 .4

270 23.2 24.7 22.8 24.4 25,7

275 18,0 19.7 19.2 20.1 20.5

280 12.9 14.6 14,9 15.6 14,9

290 5.2 6.0 6.5 79 5.9

310 0.8 1.2 1.3 1.6 1.4
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Figure 14 - Light absorption spectra of some
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obeys Beer's Law (97, 98, 99) and assuming that purified
RNAI is 100 per cent pure, RNAI shows a purity of 90.5

per cent and RNAIV of 94.5 per cent. These figures show

a close correlation with the chemical analyses even though
they do not correspond exactly. This work was not intended

to be strictly quantitative.



DISCUSSION

I. ANALYTICAL RESULTS.

The analytical results are expressed on the molsture-
free basis: the molsture estimation, as described, can be
considered relisble and also account for the bound water.
There might be a difference of opinion in regard to ex-
pressing the results on a sodium~free basis without tak-
ing into account any other ion. Sodium might also be
considered to be an impurity; Wheat germ has quite a high
ash content but in the course of the‘various preclpitations
and solutions practically none of it should be left in
the preparations. On the other hand the only chemical -
reagents, used in the isolation procedure, are hydrochloric
acid and sodium hydroxide, which are employed to adjust
the hydrogen ion concentrations to the required levels.

- Therefore, practically the only metallic ion present is
sodium, which readily forms sodium salts with the nuclelc
acid. The hydrogen ion concentration for nuclelic acid
precipitation ié pH 4, vhich is close to, but above, the
1soelectric point -of the nucleic acid. Therefore, it is
logiéal to assume that mixed sodium saits of nucleic acid
are formed. The number df'sodium ions for the "statis-

ticel" tetranucleotide 1s dependent on the sodium and hy-

drogen ion concentrations. Table XXXIshows the theoretical
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sodium content of the possible "statistical"™ tetranucleo-

tide salts.

TABLE XXXI- Theoretical sodium content of the possible
"statistical" tetranucleotide salts.

Tétranucleotide
Sodium atom present molecular weight Sodium (per cent)

0 1303.6 0

1 1325.6 1.74
2 1347 .6 3.41
S 1369 .6 5.02
4 1391.6 6.58

The sodlium concentration for the samples of nucleic acid
prepared varied from 2.4 per cent to 3.6 per cent, showing
that the "statistical® tetranucleotlide varied from the
mono- to the tri- sodium salt. On this basis it seems
justifiable not to consider the sodium lon an impurity.

It is very unlikely that more than traces of sodium chloride
are present because of the very high solubility of this
salt and the very small amount that could have been formed
during the adjustment of the hydrogen ion concentration.
Further evidence that a sodium salt of nucleic acid was
actually isolated is to be found in the greater solublility
of the prepafation obtained in this investigation, as com-

pared with other'nucleic acid samples obtained by
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precipitaﬁion at a higher hydrogen ion concentration.

The nitrogen and phosphorus content of the products ob-
talned are much closer to the theoretical values than

is reported in the literature for various ribonucleic
acids. Phosphorus values varyinrg from 7.5 to 9 per cent,
instead of the theoretical value of 9.52, are generally
accepted and are explained (37) on the basis of a loss of
phosphoric acid. The best values are reported by two

groups of French workers, who have developed two modern

methods of purification: Khouvine and Grégoire (82) re-
ported 9.3 per cent phosphorus for ribonucleic acid from

Calliphora erythrocephala, and Vendrely et al. (83) 9.59

per cent from yéast. In this investigation a sample of
a commercial pmroduct isolated from yeast by Schwarz
Laboratories, when analyzed for phosphorus, was found to
contain 99.4 per cent of the theoretical amount. However,
the same company admits that normally their product con-
tains about 95 per cent of the theoretical phosphorus
which is considerably higher than the value reported for
other commercial\products.' The nitrogen content is not
indicative of purity because the theoretical value might
be obtained from a sample contaminated by proteins, as
protein has almost the same nitrogen content as nuclelc
acid., However, a low nitrogen valve would indicate con-

tamination by non-nitrogenous substances such as carbo-

hydrates.
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The orcinol test measures 50 per cent of the ribose
present in ribonucleic acid if a "statistical tetranucleo-
tide structure 1is aséumed. On this basis the intensity of
the colour developed by yeast nucleic acid, arabinose and
ribose is exactly the same. This fact is contrary to the
opinion of Schmidt and Thannhauser (106) who consider
that the nse of the colour tests for carbohydrates to
measure nucleic acids involves some serious Aifficmlties
and the results are very variable. Cori and Cori (108)
found that on the basis of phosphorus content yeast nucleic
acid gives only 40 per cent of the pentose colour of
muscle adenylic acid. Davidson and Waymonth (37, 100, 107)
prepare their calibration curves in terms of nucleic acid
phosphorus as they could not find any reasonable explana-
tion for the colour developed from a weighed amount of
nucleic acid. Davidson and Waymouth in one instance (37)
reported the phosphorus content of the nuclelc acid used
as only 7.7 per cent. All these workers apparently heated
for an insufficient period of thirty minutes, as advised
by Schlenk (109) for nucleotides and nucleosides. The

incomplete colour development gave low results and probably

explains the variability. Therefore, the findings presented

herein are not necessarily in contradiction tc the results

in the 1iterature, ard they might even be considered as

confirming the theory that the "statistical" tetranucleo-

tide contains equal numbers of purine and pyrimidine bases,
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~since the ribose, tled up with the pyrimidine bases, does
not react appreoiably with orcinol. Purified wheat germ
nucleic acid gives identicai results,

Throughout the development of the procedure for the
preparation of nucleic acid, solutions were analyzed for
pento se and niltrogen content and a nitrocen-pentose ratio
was calculated. Assumincs that the nucleic acid and the
protein contain the same per cent nitrogen, the per cent
puritv of the nucleic‘acid in solution was calculated
from the nitrogen : pentose ratio. This is a rapid and
useful method with which to compare various details of
| procedure, but it does not ta%e into account the non-
nitrogenous impurities which might be present in the solu-
tion. However, the amount of these contaminations was
found to be quite low under the conditions of the proposed
procedure. This will be discussed later when considering
the data in Table XXXII.

The ultraviolet absorption spectrum of purified ribo-
nucleic acid from wheat serm is identical with that of a
very pure sample of yeast nucleic acid, nrepared by Schwarz
Laboratories (New York). However, the extinction coeffic-
jent at 260 mp. is difficult to compare with other values
reported in the literature (23, 37,114, 115), because the

calculation of these values is not clearly expresced and
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the purity of the sample 1s not reported. However, Kalckar
(116) in a very recent paper on the dif ferential spectro-
photometry of purine compounds reports very acauraté molar
extinction coefficlents for mrine bases which vary from
0.8 to 1.58 x 10™%. When the extinction crafficient

(E.i‘ ?Zm)“aas shown in Table XXX and Fi-ure 14 is recalcu-
lated to give an average molecular extinction coefficient
for the purine and prrimidine bases that make up the
"statistical" tetranucleotide, a value of 0.98 x 1074

is obtained which agrees with XalcYar's measurements.

IT. NUCLEOPROTEINS FRON WHEAT GERM,

The main purpose of this investication on the prenara-
tion of a nucleoprotein is the isolation of nucleic acid
(i.e. as a technique for separating nucleic acid from all
other water soluble components of wheat germ). The treat-
ments employed are as mild as possible, because it was
found that better recovery would be obtaired. However,
it cannot be claimed that a "natural" nucleoprotein is
isolated: it might be a slight modification or a complete
artifact created diring the extraction and precipitation.
This definite nucleoprotein fraction accounts for about
80 per cent of the water-soluble protein nitrogen extracted,

as measured by trichloroacetic acid nrecipitation. The
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reliability of yhese data might be questioned due to the
variability with results obtained by trichloroacetic acid
preéipitation. However, as the conditions for the precipi-
tation of water extracts of wheat germ were studied, this
value can be relied on. When stale wheat germ is extracted
or if more drastic conditions are used, the nucleoprotein
fraction represents a smaller percentage of the protein
nitrogen extracted indicating that some breakdowﬁ occurs.
The nucleic acid-protein bond was found to be quite
resistant to cleavagé since at least 3 hours'heating at
80°c. and pH 11 is required. Nevertheless, nucleoproteins
of various nucleic acid content can be isolated at various
hydrogen ion concentrations, indicating that a complete
gradation of nucleoprotein must be present. By choosing
pH 4 for precipitation, a definite fraction is obtained,
which at the third precipitation becomes sufficiently
homogeneous that over 97 per cent is precipitated. How- |
ever, this preparation can be further fractionated at
various hydrogen ion concentrations. It is very hard to
estéblish if this variability in the composition of the
nucleoprotein reflects its natural state in wheat germ
or whether the product is an artifact resulting from the
method of isolation. Denaturation promotes the separation
of these fractions. The impoftance of preparing the nucleo-

proteins under controlled conditions is also stressed
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because the state of the nucleoprotein will alter the
conditlons for heat- and alkali-denaturation necessary
for the separation of nucleic acid. Also, under the con-
ditionsdescribed for the isolation of ribonucleic acid,
no desoxyribonucleic acid is present as a contaminant.
Probably the desoxyribonucleoprotein complex is not as
easily extracted with water and/or it is more soluble at
pH 4 (the hydrogen ion concentration at which the ribo-
nucleoprotein is isolated) because the protein component

is more basic.

ITI. RECOVERY AND PURITY OF" RIBONUCLEIC ACID FROM WHEAT
GERM AT DIFFERENT STAGES IN THE ISOLATION PROCEDURE.

The recovery and puritv of the ribonuclelc acid that
can be expected at different stages in the procedure
developed are summarized in Table XXXII. The maximum and
minimum values reported are very extreme. The mode shonld
be obtained without difficulty if the procedure 1is follow-
ed carefully. The recovery and the purlty of the nucleic
acid at the nucleoprotein stage after three precipitations
is chiefly dependenf on the freshness of the wheat germ
and on the care taken to avoid denaturation cduring isola-
tion (i.e. shortest possible period of handling, exact
adjustment of hydrogen ion concentrations with stirring,

use of small volumes). This is the only stage at which
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TABLE XXXII - Recovery and purity of ribonucleic acid from
wheat germ at different stages in the
isolation procedurs.

Nucleic acid recovery Purity (per cent)
(per cent of wheat germ)
Material Maximum Minimum Mode Maximum Minimum Mode

Nucleo-

protein

(3 times 2.5 1.7 2.2 25 16 21
precipi- -

tated)

Crude

nucleic .

acid 2.4 . l.4 1.8 90 74 80
solution

Nucleic .
aCid - 107 100 1.2 99 95 9‘7
solutlion

Nucleic
acid pre- 1.4 0.8 l.1 o 94 95

paration

Purified

nucleic .

acid (two 0.9 0.6 0.8 09.8 99,5 99.6
precipi-

tations)

higher purity' is associated with higher recovery, indicat-
ing that denaturation splits off some nucleic acid from
the protein and then the nucleoprotein is preclpitated
with less nucleic acid. In the subsequent stages of the
isblation mocedure, higher recovery generally results in

lower purity and vice versa. In the preparation of a crude
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nuclelc acid solution, the recovery and the purity are
dependent on the extent of alkalil denaturation and on thre
hydrogen ion cmcentration for precipitation of the pro-
tein from alcoholic solntion. The loss in preparing
nucleic acid from the crude nucleic acid solution is
demendent on the amount of rrotein tied up with the nneleic
acid and, therefore, on the extent of alkali denaturation.
However, if alkali denatnration is carried too far, nucleic
acld is destroved (i.e. lower recoverv) and extraneous
soluble nitrogenous compounds are formed from the nrotein
(i.e. lower purity). The same factors are involved in
the isolation of ricleic acid and ourified nucleic acid
preparations.

The purity of nuclelc acid in the nucleoprotein,
crude nucleic aclid and nucleic acid solutions is calcilated
from the nitrogen-pentose ratio and, therefore, they are
only approximate values which do not take into consideration
the possible presence of non-nitrogenous contaminétions.
The nucleic acid and the mirified nucleic acid preparations
were analyzed in the solid state for nitrogen, phosphorus

and pentose. Therefore, thelr purity can be recorded with

greater precision. That fs whyv the miritv recorded for
the nucleic acid preparations is not as hich as the purity
of thre nucleic acid solution from which it is isolated.

This discrepancy, however, s not very ~reat and, therefore,
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for the purpose of comparing procedures the nitrogené
pentose ratio is a reliable criterion of purity. As in
all preparations from biological materials, great varia-
tions in yield and purity are encountered in the prepara-
tion of ribonucleic acid from wheat germ. However, if
the precautions outlined are followed, consistent results
can be obtained.

No detailed study of the preparation of ribonucleic
acid from wheat germ was .-found in the literature. Osborne
and Harris (14) obtained the best results recording a
Yield of over one per cent of a product containing about
80 per cent nucleic acid as estimated from the phosphorus
content. This product is comparable to the crude nucleic
acid preparations which usually contain 1.8 per cent of
the wheat germ as nuclelc acid with a purity.of about 80
per cent. The preparation obtained by Harris and Osborne
(14) may have contained desoxyribose nucleic acid.

At varibus stages in the procedure for preparing
nucleic acid from wheat germ,Athe required hvdrogen ion
concentration is stressed as being more Important than the
strength and volume of the reagent added. Hydrochloric
acid and sodium hydroxide are always used and, therefore,
relatively small quantities ar e necessary to change the

hydrogen ion concentration. The concentration of sodium



124

chloride, resulting from the addition of acid and base,

is usually below 0.02 N and very seldom above 0,05 N, but
after coﬁcentrating the crude nucleic acid solution it

micht be as high as 0.15 N. The required quantities of
acid and base depend on the bufferinc power of the solution,
therefore, to describe conditions for general use 1t is

more important to give the actual hydrogen ion concentra-

tions reaquired,



SUMMARY

l. Detailed conditions are given for the measure of
hydrogen ion concentration in solutions and the estima-
tion of nitrogen and pentose content of solutions and
preparations. The pentose estimation is found to give
consistent and quantitative measure of ribonuclgic acid
when 1t is assumed that it is a tetranucleotide and that
orcinol does not react with the pentose combined with
p&rimidine bases.

2. The determination of non-protein nitrogen in agueous-
extract of wheat germ by trichloroacetic acid precipita-
tion has been studied and a reliable procedure 1is des-
cribed. |

3. The maximum extraction of protein is effected with
one part of wheat germ to 10 to 20 parts of water and
extracting for 10 to 45 minutes at room temperature (22°C.).
Under these conditions 55 to 61 per cent of the nitrogen
in wheat germ is extracted, depending on the freshness

of the sample and the extent of proteln denaturation dur-
ing extraction. The extracted protein nitrogen varies
from 45 to 50 per cent and the non-protein nitrogen from
10 to 12 per cent.

4, Maximum precipitation of nitrogen compounds in the

above extract 1s obtained‘one hour after adjusting the
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hydrogen ion concentration of the solution to pH 4.

About 32 per cent of the extracted nitrogen remains in
solution of which approximately 20 per cent is non-
protein nitrogen and 12 per cent, by difference, is protein
nitrqgen not precipitated at pH 4.0. The material pre-
cipitated at pH 4.0 is a nucleoprotein fraction which on
successive precipitations is more critically and com~
pletely precipitated at pH 4.0. After three precipita-
tions about 2.2 pér cent of the wheat germ 1s recovered as
ribonucleic acid in the form of a nucleoprotein contain-
ing arproximately 21 per cent nucleic acid. The use of
stale wheat germ.and.éonditions which cause more denatura-
tion lowers the recovery of nucleic acid in the precipi-
tate and to a greater degree than would be expected solely
on the basis of decreased extraction. The variable com-
position of the nucleoproteins obtained under various
-conditions has been studied and is discussed.

5. The degree o denaturation necessary to permit the
separation of ribonucleic acid from the protein has been
investigated. The use of barium acetate does not facili-
tate the separation of nucleic acid under the conditions
studied. Through denaturation the nucleic acid-protein
bond is apparently broken and the hydrogen ion concen-
tration for maximum precipitation of the protein is lowered.

This shift is enhanced by the use of ethyl alcohol as
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described in the procedure for the preparation of a crude
nucleic acid solution. About 1.8 per cent of the wheat
germ extracted 1s recovered as ribonucleic acid in this
préparation which contains 20 per cent of other materials.
Slight changes in procedure give higher purity and lower
recovery or vice versa.

6. The crude nucleic acid solution is concentrated under
vacuum and a small nucleoprotein fraction is removed'by
precipitation at pH 4.0. On addition of 60 per cent al-
cohol to the clear supematant, nucleic acid is obtained
as a white precipitate. This product comprlises about

1.1 per cent of the wheat germ and is a ribonuclelc acid
contaminated by about 5 per cent of impurities. A pro-
cedure is given for the purification of nucleic_acid and
the yield is approximately 0.8 per cent of the wheat germ
which gives about 99.5 per cent pure ribonucleic acid.

Chemical and spectrophotometric analyses are given.



CLAIM TO ORIGINAL RESEARCH

l. The steps involved in the preparation of ribonucleic

acid from wheat germ have not, heretofore, been studied

in detail. A new procedure has been developed and 1is

based on the followinz principles:-

2.

(a) The careful isoelectric precipltation of a
nucleoprotein fraction, avoiding excessive denatura-
tion.,.

(b) The controlled denaturation of the nucleoprotein
causinz fission of the nucleic acid-protein bond.
(¢c) The use of ethyl alcohol to shift the hydrogen
ion concentrations for the optimum precipitation of
the protein, thus allowing the ribonucleic acid to
be separated by precipitation.

(d) The purification of the nucleic acid by con-
trolling the hydrogen ion concentrations and by the
use of ethyl alcohol. These principles, even though
they may have been applied in the preparation of
nucleic acids from other sources have not been sys-
tematically investigated for any one product.

Employing the above mentioned procedure, the greatest

yield of ribonucleic acid yet recorded has been obtained

from wheat germ, and the high degree of rurity of the

product is comparable to the purity of ribonucleic acid
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from other sources as reported in a few instances in the

literature.

Se

It has been found:

(a) That carefully defined conditions must be rigidly
adhered to in the estimation of non-protein nitrogen
in the acusous extract of wheat germ by trichloro-
acetic acid precipitation.

{b) That nucleoproteins of variable ribonucleic acid
content can be isolated from wheat germ.

(c) That the absorption spectra of ribonucleic acid
from wheat germ and yeast are identical.

(d) That the modified orcinol test can be used as a
gquantitative measure of ribonucleic acid if certain

assumptions are made.
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