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Abstratt

Methods were developed for:

a) the separation of free purines and pyrimidine

nucleotides. ’
b) the direct determination of cytidylic and uridylic
acids

Pancreas ribonucleic acid was gound to be very sensitive
to aqueous aydrolysis at 25° C. as ecompared with yeast
nucleic acid, the residue being resistant to further
hydrolysis by ribonuclease.
Ribonuclease renders tae nucleic acid soluble in glacial
acetic, indicating the depolymerization of nucleic acid.
The depolymerized nucleic acid consists of 8 fractions:

a) non~diffusible and

b) diffusiblo through e¢ellophane membrane, and

' precipitable with 3 volumes of alcohol.
Ribonuclease also 11b§ratea free mononucleotides,
diffusible through cellophane membrane, and non-precipitable
with & volumes of aloohol, with the exception of guanyliec
acid which does precipitate.
All four mononucleotides ere found to be liberated from
the nucleis acid, the mmount of pyrimidine exceeding that

of the purine nucleotides.
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Historical

Ribonuclease (RN~-ase) was discovered by Walter Jones in
1920 (26). He boiled an aqueous extract of pancreas and des-
troyed all engsymes except one, which dooompoaei ribonucleic
acid (RNA) not thymus nucleic acid. Jones found that nucleic
digested with this enzyme was no more precipitable with sule~
furic acid. 1In 1923 Jones and Perkins (27) were able to se~
parate foué mononucleotides from the digestion mixtﬁro. Using
Levene's procedure (41)‘0f fractionation with aleohol they
obtained guanine and adénino fractions, And concluded that the
engyme breaks inter-nucleotide linkages, although they admit=
ted the possible prenenéo.or some substances intermediate
between nucleic acid and mononucleotides. Thoy reported that
né increase in titratable acidity was produced by the enzyme
action. This 1s now disproved, and it is contradictory to
thelr findings, because if mononucleotides are produced on
liberating internucleotide ester linkages, inerease of acidi-
ty must ocour.

Schmidt nné Levene (55) concluded that the function of
the enztyme ia'dopolymeritatlon, limited to.the dissociation
of tetranucleotides of high molecular weight into those of
lower molecular weight, without the formation of mononucleo-
tides. They considered the name "ribonucleodepolymerase" to
be more appropriate for the encyme | |

The first attempt to purify this heat stable enzyme
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was done by Dubos and Thompson(l4) by means of acetone).

Kunits (36) succeeded in lsolating crystalline ribo;
nucloase. He soparated the protein from an acid extract
of pancreas by fractional preclplitation with ammonium sul-
fate. The ribonuclease protein was found in the fraction
. soluble in 0.6% saturated ammonium sulfate, but insoluble
in 0.8% saturated ammonium sulfate. The yleld was about
3 gm. per 10 kg of pancreas, Kunitz studied extensively
the chemical and physien} properties of crystalline ribo-
nuclease. The enzyme he isolated was a protein having a mo=~
lecular weight of 15000% 1000. The region of maximum stabi~-
1ity was between pH 2,0-4.5. Heat stabllity was dependent
upon the pH of the aolufion, decreasing as the pH was in-
/oroaood. The inactivation of the enzyme upon heating was
sccompanied by the gradual denaturation of the protein, as
measured by 1t§ solublility in ammonium sulfate. It wa; also
inactivated by alkall, the rate of inactivation being ﬁropor»
tional to the rate of change of the native protein into de-
‘natured protein. .

Kunits found that ribonuclease brought about a gradual
splitting of yeast nucleic acid into smaller oompononta.whioh
diffuse through collodion membrane., This splitting was acoom-
panied by the formation of titratable acld groups without the
| liberation of free phosphoric acid.

Allen and Eiler (28) studied the increase in acidity on
treatment of yeast nucleic acid solutions with ribonuclease,
using a glass electrode titration apﬁaratun‘~ They preparsd

a solution of nucleic acid using sodium hydroxide of known
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equivalents, and cdj&ntqd the pH to 6.8, thus obtaining a
buffer mixture of ribonucleic acid and sodium ribonucleate.
Caloulations showed that RN-ase liberated 0.88 oqﬁivalentl
éf aéid for every 4.85 equivalents of phosphoric acid per
mole pf tetranucleotide. The acidic group was liberated
in the range of pH 8 and was therefore a secondary phos-
phate. These findings were confirmed later by Chantrenne
(9). Allen and Eller cgncludod that the action of ribo-
nuclease could be regarded elther as an opening of cyclic
structure or as a depolymeri gsation.

Since the entyme acted upon its substrate with the
liberation of titratable acidic groups, it was possible to
develop & manometric method in which the acidic groups were
made to evolve COp from a bicarbonate buffer. This method
was first used by Bain and Rush (3) for the assay of ribo-
nuclease in biologlcal materials, and later by Zittle (68)

. in his studies on the extent of hydrolysis of nuclelic acid

by ﬁhis engyme, Zittle suspected that the hydrolysis was .
stopped by the inhibitory effect of mononuoleotides (68),

but found that upon removal of the hydrolytle products by
dialysis the hydrolysis was not increased. He compared the
results of hydrolysis by ribonuclease against that caused by
sodium hydroxide (70) and found that ribonuclelc acid whioch
had been hydrolyzed by treatment iith normal’ sodium hydroxide
for 0.5, 142 hrs. at 28°C. was still quite reactive with the
engyme. The reactivity was measured by the nmouﬂt of preci-
pltate obtained with the uranimreagent. However, the frastion
éeaintmt to RN-ase was found to be hydrolyzed more slowly

with sodium hydroxide. In order to estimate the extent of
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hydrolynis, he precipitated the unchanged or resistant frac~
tion of nucleic acid with Mac Fayden's reagent (modified by
- Zittle to contain (0.25% uranium Acetlt; in 5% trichloro-
acetic aoid). After adding an equal volume of this reagent
to the hydrolysate the resulting pH was 1 (70) under these
conditions about 604 of nucleic acid precipitated, while only
10% was precipitated by treatment with 7 volumes of glacial
acetic acid. The fr&ction precipitated by acetic acid showed
complete resistance to the aqtiun of ribonuqloaao.

These results were confirmed by Loring, Carpenter and Roll
(48), who fractionated the ribonuclease resistant material
into fraction A (precipitated with 7 volumes of glacial acetlie
acid) and fraction B, (precipitated from the aceti§ acld super=-
naﬁanﬁ with one volume of alcohol). Both fractions were
treated with ribonuclease and compared with purified nucleic
acid treated wit@ RN-ase, Fractions A and B were shown to be
resistant to further treatment with enzyme. Loring oconcluded
‘that ribonucleic acid contalmns at least 2 different types of
linkages: one which is labile and one which is renisﬁant to
ribonuclease actlvity,
The ribonuclease resistant fraction differs in composition from
the origineal nucleic acld in contalning relatively larger
amounts of purine, partioularly guanine. It was suggested
that ribonuclease activity was concerned to a greater extent

with the liberation of pyrimidine than of purine nucleotides.
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However, Loring and anpentef (4?), after treating yeast
" nucleio acid with ribonuclease, were able to isolate 4 mono=.
nucleotides as hydrolytic products, using Levene's method of
fractionation (41, 43). They did not report any quantitative
estimation of mononucleotides.

Chantrenne (9) followed the action of ribonuclease on
yeast nucleic aecid by measuring the opscity of the solution in
Lange's electric photometer. In concentrations below 1.6 mg nuo-
leic acid per cc., the opacity was proportional to the concentra-
tion.

A difforent method of studying the nature of ans&me aotion
on nucleic acid waa‘appliod by Schmidt, Cublles and Thannhauser
(57), who introduced a combination of enzymes as tools in the
analysis of the products of hydrolyals.

‘They separated an ucid-phosphatasa from hypertrophic prostate
tissue. This monophospho-esterase split phosphoric acld only
from monoesterofied phosphotic acid. They found that an ex~
heustive hydrolysis with ribonuclease rendered only 25% of the
total phosphate hydrolysable with proatate phosphatase, . 75%
phosphate groups remaining di- or tri- esterifled.

They concluded that the inorganio phonphgﬁo released by prostate
phesphatase from ribonuclesse treated nuclelc icid oiiéinatel |
from pyrimidine nucleotides. Hence they soncluded that the
action of ribonuclease involves,specifically or at lesst pre-~
rohentially, one of the two pyrimidine nucleotldes.

Je. M. Gulland (21), using ribonuclease as & tool in his

studies of nuclelc acid structure, concluded that ribonuclease
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activity ;ariou with the sample of nucleic actd. The ensyme«~
resistant fraction of nuclelc acid closely resembles the untreat-
ed nuclelc acid, but ii? should not be inferred that it is an
unchanged fraction of nucleic acid. There is a lack of
agreement ;a to the changes occurring in RNA on RN-ase treat-
ment. There are two points of view, the one supported by
Jones and Perkins (27), Loring and Carpenter (47), and Zittle
(68) that the products of hydrolysis are mononucleotides and
that aﬁpported by Schmidt and Levene (55) and Kunitz (36),
that the action pr RN-ase conslsts in dopolymarizing nuclaié
acid. | |

Presentation of the Problem
The increased solubllity of nuéleic acid in 80% acetic

acid atter,ribonﬁcloano treatment suggaita its dopolymeriantibn.
However the extent of depolymerlisation has not b§on investigated
fullye.

Isoclation of the four mononucleotides by Loring and Carpenter
(44) after troutﬁant of RNA with ribonuclease suggests a splite-
ting of RNA into wononucleotides but ho quantitative study was
made to show the extent of such aplitting.' Tﬁa probiam of
whether the HNA 18 siaply dfpolymerized or partially split
1nto'mononuclaotidos i8 not solved by a study of the libera-

tion of titratable acid groups, nor by the formation of mono-

‘esterified phosphoric acid, unless the hydrolytic products are

isolated after depolymerization (or splitting to mono-

nuclaotidea). In both cases (liberation of a free mononucleotide
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or dfpolymerization of s straiéht,chain of nuciootidon) the

* titratable néidity would increase and phosphate radical would
become monoeatarifiod.

In view of the inadequacy of the experimental evidence explain-
ing the nature of depolymerization, a further investigation of
the problem was indicated. |
In all but one of our experiments yeast nucleic acid used by
previous investigators was substituted by pancreas-ribonucleie

acid as the substrate for ribonuclease.
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Materials and Methods

Ribonuclease and Nucleic Acid

Riﬁonugloaso, prepared from 10 ki of beefl pancreas
by‘the method of Kunits (36), was obtained in an amorphous
form, as no crystals were avallable to seed it. This
material was used in all but a few experiments. The later
experiments were performed with Armour's crystalline enzyme.
The ribonuclelic acid used as substrates was prepared
fram beef pancreas according to a method devised in this
laboratory by Kerr and Seraidarian (35). — |
Two methods of pﬁrifioation of the RNA were used:
1) Levene's method (38) by precipitating with 80% acetic acid.
2) Chantrenne's method (10), by precipitating with an
equal volume of a mixture of 4O%I¢cotie acid, 20% acetone
and 40% water. ;.
fﬁawovcf,fourfpropurationa of nucleic acid when treated with
this mixture rouuitad in a colloidal solution. To avoid this
water was replaced with saline (35).
The estimation of the degree of splitting caused by ribo-
nuclease in all experiments was made on small aliguots, i.e.
by precipitating the ensyme resistant fraction with 6a85¢ uranium
acetate in 5% trichlorcacetic scid and determining the unpre-

| cipitated phosphate to total phosphate. This was compared

with RNA treated in the same way in the abaence of thes enzyme
(36, 70). In order to get full information about the action
of ribonuclease, & method had to be developed for the direct

determination of pyrimidine nucleotides, and for differentia-
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tion between cytidylic and uridylie acids.

Review of Method of Preparation of Pyrimidine Compounds.

Laveno'l-procodure for the preparation of free pyrimlidine
bases (38) and similarly Jones' method (28) involve drastic
hydrolysis at 175°C. for 2 hours in 200 cc., of 25§ sulfuric
acid (per 50 mg of nucleic acid). This results in great
loss of nuclear nitrogen and carb@nization, hence this
procedure could not be adopted for quantitative work.
Attempts to modify»Whaalar and Johnson's bromination color
test (67) for uracil and oytosine for quantitative determina-
tion were not successful.

We found that Mac Fayden's (16) procedure of fractionation
of a mixture of mononucleotides at different pH's does not
separate sharply the individual constituents of nuclelc ndid,
and so is not sulted for quantitative work.

The methods applied by Plentl and Schoenheimer (54)
and Barnes and Sohoonhoimor (4), involving hydrolysis of
nucleic acid in 20% hydrochloric acid at 185°C for 3 hrs.,
have the same aisadvnntago as the hydrolysis ;n 25% sulfuric
acid of Levene (1.9. loss of nitrogen and carbonization).

Davidson and Waymouth's method (iﬁ),\doaigned for
proplration.or nucleotides, is not suitable as a method
for quantitative analysis.

The biological assay for pyrimidines used by Loring
(50) was not applied, because of lack of facilities. The
same is true for the chromatographic method bf Visher and
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Chargaff (65, 66) and for the enzymatic determination of
eytidylic acid by means of a special deaminase (18).

Kerr and Seraidarian's method~(3§), for the separation
of free puriﬁou from nucleotides and nucleocsides may be
applied to the acid hydrolysates of nuocleic acid. We noted
that alﬁhoﬁgh the purine bases are quantitativaly precipitated
from acld hyﬁrélyuutou of RNA by means of AgNO, in acid
solutions, the unhydrolysed pyrimidine nucleotides remain in
the supernatant.

Our attentlion waas therefore directed to the finding of
& reagent which would precipitate quantitatively the pyri-
midine nucleotides, after hydrolysis of RNA and removal
of purines by silver.

Precipitation of Pyrimidine Nucleotides.

Cytidylic aocid, oytidine and cytosine were found to be
precipitated qﬁ:ntitativoly.w;th silver nitrate in solutions
alkaline to phenolphthalein. Mercurié hitrate also precipi-
tatea these quantitatively, while mercurlc acetate only
54.5%. On attempting to precipitate uridylic acid with
sillver plus alkall and two volumes of ethyl alcohol, only
508 could be recovered. Finally it was found (35) that the’
preclipitation could be made quantitatively by adding 3 volumes
of isopropyl aloochol, Oytidylic acid was also precipitated
quantitatively by silver in alkaline.solution on adding 3
volumes of isopropyl alecohol (see Table I). For rannohs to
be glven later in this paper, the addition of NOy ilons was

avolded. Silver nitrate solution was therefore replaced b&
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silver oxide suspension, this belng added to the solution
oontaining the pyrimidine nucleotides and sulphuric Acid.
The preciﬁltation was quantitative as confirmed by recovery
experiments (35).

The results of these experiments taken from the unpublished
work of Kerr and Seraidarian (35) are presented in Table I.
The oytidylic acid was prepared by Bredereck and Richter's
method (6A) with a N/P ratio of gﬁ.:g atoms. The uridylic
acld was prepared by Kerr (35A) by deamination of cytidylie

acid and had an atomic ratio of 1l.805N .
‘ 1P
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Table L.

, Agg0, ethyl alcohol and isopropyl
alcohol, used as reagents for precipitation of pyrimi-
dine nucleotides.

UridyliL Gytidyli; Total]l Total N | Recovery
acid N acid N N ta-{ in alka-
taken taken | ken | line sil~ y 3
mg. mg . mg. | ver pre-
cipitatq
mge
Uridylic acid ¢+ Agg0 ¢ 2 vol. 0.852 0.852| 0.672 79.0
ethyl alc.
Uridylic acid ¢ Agg0 ¢ 2% vol. 0.787 0.787| 0.567 72.0
ethyl alc. )
Uridylic acid ¢ Agg0 ¢ 3% vol. 0.875 0.275| 0.831 84.0
ethyl alc.
Uridylic acid ¢ Agg0 ¢ 5 vol. 0.734 0.734] 0.515 70.0
ethyl alc.
.Uridylic acid ¢ AgNOgy ¢ 5 vol. 0.734 0.734] 0.515 70.0
ethyl alc. ' ' T
Uridylic (Ba salt) ¢ AggO ¢ 3 vol. 0.462 0.462| 0.428 92.5
isopropyl alc.
®w m wn W A w8 w8 w " (0,196 0.196| 0.220 112.0
Uridylic (Ba salt) ¢ Agg0 ¢ 3 vols 1.068 1.068] 0.667 62.5
othyl ale.. . .
L L A L 0.296 0.296| 0.191 64.5
Cytidylic acid ¢ Ago0 ¢ 3 vol. 1.26 1.26 | 1.26 100.0
isopropyl alc.
Cytidylic acid ¢ Agg0 ¢ 3 vol. 0.933 0.933| 0,945 101.8
, ethyl aloc. »
L L L 1.62, 1.62 | 1.232 98.0
Cytidylic ¢ uridyl. ¢ Agg0 ¢ 3volq 0.777 0.458 1.835] 1.098 88,8
ethyl aloc.
L L L L 0.413 | 0,630 1.043| 0.858 83.0
"= % A 8 o ® ®m o8 w ¥R 0.534 0.777 1.311] 1.008 76.7
L L L L R 0.296 0.830 0.926| 0,793 85.5
L 0.630 0.196 0.826| 0.785 91.0
Cytldylic ¢ uridyl: ¢ Aggl ¢+3wl.| 0.413 0.630 1.,043{ 0.987 94.4
isopropyl .
L " # Bon 0.888 0.630 0.918{ 0.988 100.5
® n w o= w n " ®Roor 0.650 0.196 '
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. The time required for hydrolysis of the ribonucleis acld
was determined in 0.5 N and 2 N concentrations of HgS04 using
pancreas nucleic acld, preparation 36-17A, precipitated with
an equal volume of mixture: 2 volume glacial acetic acld ¢ 1
volume acetone ¢ 2 volumes saline (10, 35).

It was assumed that when the llberation of inorganic phdaphatc
from the purine nucleotides reached a constant figure, the
purines would also have b&-n oomplotély sot tr;o. This is
supported by the work of K. Lohmann (463) andecveno and Tipson
(46A).

Figure 1

Curve of Hydfolysia of Phosphoric Acld
from Pancreas Ribonucleic Acid by HpS04

[ 3
o

w
I )
1

% OF TOTAL P LIBERATED
w »H
2 <

20 v v T 7 | T
30 60 90 120 180 180
MINUTES
© OSN H2$O4

8 20N H2304




ldw

Hydrolyiia in 0.5 N Hg804 was chosen for the unnlyiia
of RNA in order that the acldity might not be too great for
- complete precipitation of the purines by silver.

The procedure finally adopted for the ribonucleic acid
analysis was as follows: |
A 'oighd sample (60-80 mg.) of ribonucleic acld was hydrolyzed
at 100° for 2§ hrs. in O.5N HgS04 in a test-tube provided with
an air condensor, and the hydrolysate was diluted to 28 cc.
1 cc samples from the diluted solution were taken for total
nitrogen, total phosphate, hydrolyzable phosphate and riboa§
determinations. The total nitrogen was dotermiﬁod by mioro~
- Kjpldahl, according to Kerr and Seraidarian (33), phosphates
by the methods of Fiske and Subarrow (17) and ribose by Bial's
reaction as described by Kerr and Seraidarian. (34).
A 15 cc sample from the 25 cc. of hydrolysate was measured . for
purine and pyrimidine determination.
0.02 volumes of a 1 Molar Agp0 suspension was added with stirring
"to permit solution as AggS80,. The silver purines precipitate was
centrifuged, the supernatant solution decanted into a 250 oq.
centrifuge tube and the precipitate washed twice with distilled
water. The supernatant solution uﬂ washings were canblmd’
and a few drops of Agp0 suspension was added. The mixturo,vnn
mede alkaline to phenolphthalein with sodium hydroxide preci-
pitating Agy0 and 3 volumes of isopropyl alcohol was added to
complete thﬁ precipitatiop,of the pyrimidine nucleotldes.
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The precipituto was collected by centrifugation and washed twice
with 3:1 iaopropyl alcohol-water mixture,

The Purine and pyrimidine sllver precipitates were extracted
with hot 0.6 N and 1.0 N HCl (respectively) aml diluted to a
volume of 25 co. with the same reagents. Total purine anmd
pyrimidine nitrogen were determined by micro-Kjeldabl method
on 1 cc samples of the extracts. |
In an aliquot of purine HC} extract guanine N was determined
colorimetrically (78) and adenine N was calculated by difference,
(L.e., purine N - guanine N.).

In an-allquot of HCl extract containing the pyrimidine nucleotides,

both cytidylic and uridylic acids were determined spectropho-
tometrically as described later in this paper.

The method described by Massart and Haste (61) for the determi-
nation of pyrimidine-bound ribose could not be duplicated, the

recovery of pyrimidine-ribose being only 30%.

Picrate Precipitation Method.

With the purpose of determining cytidylic acid in the presence
of uridylic acid, repeated attempts were made to precipitate
cytidine with plcrate. The results obtained may be of some
interest, even though the attempt was unsuccessful.. The pro-
cedure used for precipitating cytidine was the same as that
described by Hitchings (23) for the precipitation of adenine
picrato. Both cytosine and cytidine were precipitated
Quantitatively with picrate, oytidylic acid did not precipitate
(table II).

We have not been able to find any reference in the literature

to the precipitation of cytidine as picrate, although we rihd it

~
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to be quantitative. The preparations used were prepared from
yeast nuocleic acid: | |
1) oytidylic acid by the method of Bredereck and Richter (64),
2) cytidine was purchased from Hoffmann-La Roche Laboratory,

3) ¢ytosine was purchased from Bios Laboratory.

Table II.
Pyrimidine N | Pyrimidine KN Recovery
taken found in piec-
ng. rate ppt. y
mngs
Cytosine 1.56 1.485 956.0
Cytidine » 1.20 1,17 ‘ 97,6
Cytidylic acid 0.54 == : -

As cytidylic acid la very resistant to hydrolysis,htha only
method available for aplittlng off the phosphate 18 by means
of an enzyme. Prostate phosphatase aplits off the phosphate
redical quantitatively. This enzyme was prepared according
to. the method given by Sehmidt and Thennhauser (57), and was
further purified by precipitation with vummonium
sulfate. The fraction precipitated between 0.6 and 0.8%
saturation with ammonium sulphate was found to contain the
phosphatase. The nmmoniuﬁ sulphate was then removed by
dialysis. The pho'phnte radical of cytidylic acid was
liberated quantitatively by the ensyme 1n O,2M acetate buffer
at pH 5.5, at 37°C. After such treatment, cytidine could not
be precipitated with plcrate, although, as ;tated above,
commercial oytidine was completely precipitated. '
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Our interest was directed to find out whether the fallure of

the cytidine to precipitate was due to the presence of acetate

buffer, phosphate ions or to the enzyme 1tself (Table III).

.

Table III

Pyrimidine N | Pyrimidine N | Recovery
Taken found in pi-
ng crate ppt. %
mg
Gytidjlio acid and
scetate buffer pH 5.5
4. phosphatase 1.48 - -
Cytidine ¢ equivalent
Cytidine 4 equivalent :
of PO, ¢t phosphatase 0.98 0.92 94.0
Cytidylic acid ¢ phos-
phatase adjusted to : '
pH 5.5 with NaOH & HC1l | 1.48 1.40 94.2

As the results in Table III show, the presence of acetate

prevented plcrate precipitation, possibly by blocking ~-NHg group

(-NHCOGH, formed). When the pH was adjusted to 5.5 without
3 , _

the addition of acetate, cytidine was precipitated by picrate.

8ince in the course of analysis pyrimidines nucleotides are

precipitated as alkaline silver salts, it was necessary to

show that the procedure does not interfere with the enzyme

action or the picrate precipitation. Cytidylic acid was first

precipitated with silver at alkaline pH. The predipitato was

extracted with N HCl, evaporated to dryness in the ﬁogan

’
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evaporator (46C) dissolved in &coc HgO, pH adjusted to 5.5 anmd
incubated for 1 hr. with phosphatase. Splitting of phosphate
from oytidylic aold was complete, but the oytidine obtained
still did_n@t precipitate with picrate. This fallure to preci-
pitate could not be caused by deamination as on repreoipit#ting
cytidine in the above exporimaﬁt, the total nitrogen taken was
recovered. ‘
Suspecting the interference of envirommental or other factors in
the procedure used, the same experiment was carried on (1) in the
eold, (2) in the dark, (3) in the presence of reducing agant
(hydroquinone), (4) with oytidine (instead of cytidylic acid),
but in no lnatance were the results any better than in the
previous experiment. We are at a loss to explain these results.
The reason i1s that probably oytidine causes or enhances the
.reduction of Agt to Ag, in an alkeline medlum, thus undergoing

an oxidation itself; or in the presence of Ag?, Ln an alkallno
medium, an isomeriszation takes place and this isomer is no more
precipitablo with picrate. However, a comparison of the absorption
‘surves in the spectrophotometer reveals no difference between

silver treated and untreated cytidylic aocid.

Next a trial to replace silver by mercuric nitrate was made,
but it was found that the phosphatase was no more reactive
under these conditions, possibly due to the presence of traces
of meroury. That the ability of cytidine to precipitate with
plorate does not change in contact with Ag* in an acidic
medium is shown in the following experiment: A mixture of

adenine and oytidine was taken a d the adenine was precipitated
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with AgNOz in an acild medium. The excess of Aa’ was then removed
from the supernatant solution with HC1l, an aliquot was taken

and treated with picrate, which gave 80% recovery of cytidine N.
It is interesting to note that cytosine precipltates with picrate
after Agy0 treatment |

Spectrophotometric Determinations.

A spectrophotometric method, to determine the amounts of
cytidylic and uridylic acid, in the presence of each other, was
attempted. The Beckman spectrophotometer, Model DU Quartz was
used. The molar absorbtion coefficlents {were calculated from
the extinction measurements E of cytidylic and uridylic acids. .
Cytidylic acid used was purchased from Schwartz Laboratory with
a N/P ratio 3.01/1 uridylic acid was prepared by Kerr (384), with
a N/P ratio of 2.01/1
Solutions were prepared:

1) containing 5.95 - 10™°

moles/liter of uridylic acid,
and 2) 5.8 x 1070 moles/liter of cytidyllic acid.

1 cc. samples were taken and diluted 50, 100, 200, 250, 400,
500 times with 0.01 R HgSO04. E reading were taken and the

averaga‘vnluea of ¢ plotted against)ntho curves are shown in

Figure 2. '




Figure 2

Molar absorbtion coefficients of cytidylie
and uridylic acld.
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The relationship between absorbtion ard thickness of the
cell and between absorbtion and concentration are as follows:
B =log {o. (~0d, where E is the extinction or the logarithm of
the ratio of the incident to the transmitted light (measured 1in
spectrophotometer) , d 1s the thiokness of cell (given), ¢
‘the concentration of sample (to be calculntod ror the unknown)
£ 18 the specific extinction, i.e. extinotion for a molar con~
‘centration and unit thickness (given in figure 2). The peak
of cytidylic acld curve is at X 278 = 13.82 x 10°
The peak of uridylic acid curve 1s at M 262 = 9,73 x 10°.
The largest difference between molar absorbtion coefficients
of oytidylic and uridylic acids is at A 278:

(BB

8.84 x 103

However, wnen cytidylic acid 1is converted to uridylic by
deaminization, as described below, the change in molar extinotion
coeffictent 1s found to be 9.34 x 103. |
The values:

£ 278 for oytidylic = 13.22 x 10°,

¢ 262 for uridylic = 9.73 x 10%,

€278 before deaminization

€ 276 after deaminization =z 9.34 x 103, are the

average values calculated from a series of axporﬂmenta (35) .
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In order to oalculate the total nnuﬁer of mols of pyridines,
oytidylic acid had to be converted to uridylic and readings
taken at A 262, using for calculation the molar absorbtlon
coefiicient 9.7 X 10°. As a routine readings were taken on
both sides of this peak, l.e., at A 259 andA865. A peak

at )\ 262 was taken as an index of complets conversion of
oytidylic ascid to uridylic. On the other hand, the number of
mols of cytidylic mcid could be calculated from the change in
the absorbtion at X 278 on converting the cytidylic to uridylie
‘acid, using the factor of 9.54 x 10° per mole. The amount of
uridylic acld was assumed to be the difference between the
total number of mols and the number of mols of cytidylic acid.
Calculations:

E 262 after deamination x volume z total number of moles in
.73 X 109 ~1600  the sample taken

= number

E 278 before deamination - E 278 after deam. x volume

of moles of oytidylic acid.
The best method for determining oytidylic acid vould'-aam to be
by éeaminizntion, using a. deaminase specific for cytidyllec acid
(31, 32). Greenstein (18) has desoribed such an enzyme, touhd
in the kidney of a certain stram of mouse. As this was not |
available, & different method had to be developed.. The deamination
was done by Van Slyke's method (63) by using equal volumes of B50%
sodium nitrite and glacial acetic acid.
A 1 cc sample of pyrimidine HCl extract was taken, ovaporatad
to dryness, next 1 cc HgO added then 0.25 cc of.SO% NaNOg and
0.25 co. of glacial acetic acid. After standing at room
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temperature for lf hours cytidylic acid was found to be deaminized.
The excess of nitrite was destroyed by the oautlwuaAaddition

of lec20 % NHgOH (35), this was done in the cold to avoild axime
formation. The sample was diluted to 100 cc and absorbtion
determined at 262 and 268. On another aliquot of pyrimidine
oflslnal‘HCI extract i.e. not deaminized, the absorbtion was
doteruined at | 278.

The samples taken usually contained about 0.2 mg of N and gave

£ readings of about O.400 at 278 before deamination. A blank
containing 1 cc of NHC1 in the place of pyrimidine extract and
then treated in the same way as the unknown sample iau ran in
each caze and the absarbtion of the unknown semple was measured
agalnst a reference cell containing the bladk. The recovery

of total pyrimidine nitrogen in a serles of experiments averaged
90%. It was suspected that the loss (about 10%) was due to deami~
nation or to some other changes taking place in the oourse of
analysis. Fearing that traces of nitrous acld might be formed
from nitrate in the pressnce of a silver precipitate and light,
and thus some cytidylic acid mlght be deaminized, 1t was decided
to use Agg0 in place of AgNOz, although the results given in .
the experiment below revealed no difference when performed in the
dark. It was also important, to avoid the presence of NO3 ions,
sonsidering the fact that NOy absorbs ultraviolet light.

The following experiments were performed, with the idea of

increasing the percentage of recovery:
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1. 1 cc dytldyiio acld solution (3.7 X 10-3 molos/litpr) was
praclpitated with AggO # 9 volumes of 1sopropyl aleohol;
the precipitate was extracted with hot HCl and dlluted to
100 cc with ig0. The absorbtion values werse read in
Bockman's apaatrophotomobor.

2. Ditto in the dark

3. Ditto in the coid

la. Same as 1 but precipitated with AghOy

2a, " " 2" " £

3‘. L u 3 ] " n "

4. 1 cCo cytidylic acld solution (37 x 10"3 molea/litar)

"~ diluted to 100 cc with 0.01 N HCl. Results aro.nhown on

Table IV.
Tabie IV.
E E E E B E E
lo 2. Se ia. 2a. Y 4

280 | .455 | 465 ,450 | .440 | 488 460 +480

278 | .460 | 470 455 | 445 | 470 «46%7 .485

7875 | 4450 | 460 | 447 440 . | .46 | 4457 | 475

270 | .400 | .415 2400 J590. | <415 | 410 +430

265 | 520 335 | «38D +311 3387 | «330 «350

ge2 | .270 | .285 ,274 | 260 | .28b .278 | 895

860 | .230 | .2850 .240 | .827 | .880 .242 | 860

The calculations from table iV, namely E 278 x volume ,
, ' : 1%3783x10° 1000

showed errors of no more than 104 in each case (1, 2, 9,
la, 2a, 3d) as compared with unprecipitatad»cytiﬁylic acld

(n‘ee fxper. 4 of the same table.).
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The recovery of cytidylic acld in the experiment 4 as compared 4
with the amount taken is 99.5§. It may be of significance that the
values obtained when the experiment was performed in the dark

are 'definitely higher than in the presence of light, although

it seemed to make no difference whether AgH05 or Agg0 was used.

The absorbtions of cytidylic acid in acld and alkaline
solutions differed to a great extent, but on acidification the
values were again the same as in acid solutions (Table V)..
Theraforo, the alkaline medium did not change ﬁha molecule

permanently.

Table V

Comparison of E values of the same amounts of cytidylie
acid in 0.01 N HgS80,;, 0.01 N NaOH and acidified after
3 hrs. of alkaline treatment.

1l cc oytidylioc |1 cc cytide—> | 1 co cytide ¢ 1 co 1N NaOH,
acid—> 100 cc |100 oo in O.01lN| left for 3 hrs.,then 2 ce.
in 0.01 N HgSO4| KaOH 1N HgB0, = 100 co with
B E E HgO

280 +480 . .230 .480

278 +485 262 «485

275 4758 «300 «480 .

270 «430 .385 ’ +430

865 «380 : o311 « 380

8262 +295 205 - «805

. 860 +260 280 . +865
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Experimental

A. Analysis of the Ribonuclease Resistant Fraction

Before a detalled method of analysis was worked out, some
preliminary experiments with ribonuclease were performed.
,1h' procedure applied was as follows:
A 2% pancreas ribonuclelc aold solutlion was divided into two
parts, to one of which ribonuoleua? was added, while the other
was kept aa control. Both solutions were incubated in O.1 M
acetate buffer pH 5.3 at 28° C. |

The extent of splitting of ribonucleia acid, based on
precipitation with ¥cPaddens reagent, discussed under "¥Materials
and Methods"-A, was determined. After 24 hrs. of incubation
3 volumes of alcohol were added to both solutions, the ﬁruci-
pltates were washed and dried in vacuum over PgOg at 78°C.
Analyses were made of weighed naqplés of the ribonuclease-
resistant fraction, the control incubated without enzyme, and
the original nucleic acid which had not been incubated.

Table VI | |

The proparitlon (36-4) used for this experiment was a pancreas
RNA,purified per Levene(38) by precipltation with 80% acetic
acid., Tiis precipitate was then dissolved in water and dealyszed

in a cellophane bag, then reprecipitated by 3 volumes of alochol
and treated with the enzyme, as desoribed abovee (excep.:vneubat.forShs.

Controls — Ribonuclease
no§ chuba treated
n oles pér 100 mg NA

€ of total P not pre-

cipitated by uran. 0% 3.08% 11.3%
reagent
Total ¥ (TN) 1,085% 1.13 | 1.1
;Tﬁt«..l P (T?) « 287 ) ' of“ﬁ +«830
_Hydrolysable P, 1486 2187 +160
fibose 2146 2180 2147
Purine N ' «161 140 + 149
«104 0098 «108
+081 0498 041

i
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Table VII

"Panoreas ribonucleic acid, preparation 36-15 used for this
experiment was preciplitated with an equal volume of a
mixture of 2 volumes acetic acid ¢ 1 volume of scetone

t 2 volumes saline, per Chantrenne

(10, 38) | }
| _Controls Ribonuclease
T T w0 e s e 100 ag WA~
% of éotal P not pre~ ,
sipitated by uran, ' 0 20.4 65.0
resgent
T. N. 1.15 1,17 1,19
T. P. 29 273 863
Hydr. P, 216 .75 2178
Ribose | .150 .89 .104
Purine N 145 +167 a7
Guanine _ .101 0845 .136
Adenine «044 0828 | 2087
Purine N/T.N. gl,5% 718 ___T2.5%
£ Hydr. P. 55.4% 64,48 |  67.5%
Guanine/Adenine 2.80/1 1.03/1 3.66/1
Table VIII

Pancreas ribonucleic acld, prepnration 36=17A was preci-

pitated as in 36-15.
ntro 1 s Ibonucioaao
no nc_i ie neubate treated
M1 n o e 8 ar .
L of total P not pre- ~ - - ,

cipitated by uran. g 0 28,3 - 40,

reagent
T‘QHO

(=]
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Table ;gy

Pancreas ribonucleic acid preparation 36«17B consti-~
tutes the supernatant of 36«17A, precipitated with

alocohol.
Controls Hibonuclease
not incubated ; Incubated treated
' —®w 11lmodos pbr 100 mg NA
4 of total P not pre-
cipitated by uran. "0 36«0 4243
reagent
T.N. le.l lo1l 1.18
T.P. ‘ «275 «256 +854
§xdr. P e 152 +163 «174
Ribose 2145 +144 «149
Purine «138 » 152 «1656
Guanine « 037 g&}& « 121
- Adenine ~ ' <041 038 «044
Purine N/ T.N. 62.5% 68.7% 78%
£ Hydr. P. 55.8% 6545% 68.4%
Guanine/Adenine £.34/1 3.0/1 2.75/1

Discussion éf Tables VI-IX

In the four experiments presented in Tables VI, VII, VIIiI,
IX, the percentajge of hydrolysable P to total P ard of purine N
to total nitrogen was found to be increased ;rtcr ribonuclease
treatment, the same was true for thé ratio of guanine to adenlne.
The increase in the percentage of hydrolysable P il more than
tha inerease in the percentage of purines. This is expected
when pyrimidines are lost. One pyrimidins nucleotide lost from
purins-pyrimidine dinucleotide represent a 50% loss of phosphate
but only 28.5-37.5% loss of nitrogen. At tﬁiu point the
following two factors should be connidéred: ‘
1) the percentage of splitting of different samples treated with
ribonuclease in the sage way, is not uniform.

2) ribonucleic aclid solution splits on incubation without the



addition of ensyme.

In two cases (preparations: 36-15 unquoted and 36-24 to
be described later in this paper) the aplitting of ribonucleic .
ooqtrol and ribanuoloaao treated sample were the same.

The following possible explanations should be considered:

1) The RNA used (pancreas) differs from yeast RNA, being
resistant to ribonuclease treatment. The reslistance was,
however, not uniform in the different preparations:

2) Ribonuclease may have aen present in these proparatlcnu as &
contamination due to ﬁhe method of propnration of the nucleic
acid from panocreas.

The following oxpérimant shows that the second alternative cannot

be accepted, unless the ribonuclease preaent were an enzyme

different from that described by Kunits. '

Exngr.. To a solution containing 84.7 mg of ribonucleic acid,

5 cc 0.2 ¥ acetate buffer pH 5.3 and 0.2 oc 1% Cuso, solution

vere added and the mixture was diluted to 10 cc. To 1 co of

this solution 1 cc of uranium reagent was added and the mixture

was centrifuged. The supernatant solution contained no phosphatee

A 9 cc portion of the solution was incubated at 25° C. for
24 nru., After 84 hrs. 1 cc of thlis was taken and treated with
1 ce. of uranium resgent. The aupernutgné contained 31.2% of the
total prosphate,

"cu?t 1a known to inhibit ribonuclease activity (69),
therefore if Kunitz! rlbonucleano were present in our preparations,
its action would be inhibited and no splitting would ocoour.

An attempt was made to precipitate the RN-ase resistant

hydrolysis :
fraction and the fraction resistant toa im the control, with 80%
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glacial acetioc acid, but no precipitate was obtalned, indicating
that the reaistant fraction was not the unchanged N.A.
Frectionation of Ribonuclease Treated Ribonucleic Acld With
Determination of Pyrimidine Nucleotides.

The analysis of the ribonuclease resistant fraction glves
only indirect evidence as to the nature of material which ias |
split off. It does not answér the question whether ribonuclease
sotion consists in the splitting of mononucleotides from RNA or
only im depolymerization.

Since fractlonation of the ribonuclease treated aamplaa would give
a more direct answer to this question, the following procedure
was used in the last smeries of experiments:

The ribonuclease treated material and the control voro‘put in
cellophane bags and dialyzed for 24 -hrs. The contents of the
cellophane bags were then concentrated to a aﬁall volume in

Lognn evaporator and analyzed. The dlialysate was evaporated

in vacuum then treated with 3 volumes of ethyl nleohoi, precipita-
ting tne low polymer fraction. The supernatant fluid, (bellieved
to eontain mononucleotides) was evaporated to)n volume convenlent
for analyses.

In order to determine whether or not the aloohol superaatant
consists of monomucleotides, the action of the mono-phosphoesterase
of prostatic tissue was studied on this fraction, as follows:

Both the rlbonuclease treated unmi:la of RNA ard a oon;:«rol
specimen were incubated and dlalyzed. The dialysate was
fractionated with 3 volumes of alocchol and the total phosphate

content in tie aloohol supernatant was determined. Next pro:tah&
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phosphatase was added to the bag containing RNA plus RN-ase,
and the mixture was inoubated for another £ hrs.

Phosphate taken | Phosphate split off by phosphatase| % Po;glit
5 mg .335 mg | e7.0
o8 mg | .325 mg - 65.0
5 mg 225 mg 45.0
ob mg +835 mg 47.0
AVERAGE _ 5 .28 | 56,0

58% of the total phosphate was split off from the alcchol
soluble fraction, meaning that a mixture of mono- and poly-
nucleotides was present (or less probably dinucleotides).

ﬁo phosphate is split off by the puosphatase from .the aloohol
in%oluble fraction.



Iable X

Original C o n t A%T? 0
per gmilimoler|non~dif=- Diffusi- (Diffusi-
cent |per 100 |[fusible |ble Ale. |ble Alo. Total
mg NA insoluble}scluble

' M3 i m' o 1 e's

T.N, 15.6 | 1.11 1.65 348 .77 2.768
1.P. 8.35| 875, 335 | .0845 222 6428

Hydr, P 5,05 | ,163 .254 .0495 .083 +387
% Hydr. P 59 {2% 75.7% | 58.5% 37.4% 60%
Ribose 119.8 | .132 .26 .0495 081 +39
Purine 10.0L{ .143 248 .052 1073 373
Guanine N 7.50 | 101 »182 2046 +040 +268
Adenine N 2.51_| .0359 067 006 .033 106
Guanine _
Adenine 2.99/1 2.71/1 | 7.8/1 1.73/1 2.5/1
Uridylie | .039 .012 062 | .113
ﬁ%%&? 1.65/1 | .941/1 1.36/1 1.42/1
Purine. N 4
—T.N. 64.8% 75.5% | 75.5% 47% 60.5%
Purine :
Fyrimidine 1.015/1 | 2.42/1 | 2.22/1 .495/1 | 1.37/1,

Pancreas ribonucleic acid, preparation 36-20, precipltated with
an aqual volume of & mixturo of 2 volumes acotono t+ 1 volume
glacial acetic acid ¢ 2 volumes saline. (For nucleic acid ori-
ginal analysis see Table X). Splitting of ribonuclesse treated
sample after 24 hrs. incubatlon was 35.6%

Spli;tin of ribonuclease control sample after 24 hrs. incubation
was 32.5

After 24 hrs. of dialysis 51% of T.P. was dialyzed out in ribo-
nucl. treated sample.

After 24 hrs., of dialysis 48% of T.P. was dlalyzed out in control.
The results of analysis are shown on Table X, and XI.
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Table X1

s of ribonucleic acid 36-20, ribonuclease treated.

Ribonuclease t

D sible

Won- Diffusible Total

Diffu~ | Alc.insol- Alc.soluble

sible uble

M 1l & m o o 8

.M. 2,63 .72 1.36 4.7
TP, +585 .156 .348 1.059
Hydr. P 398 .0995 111 .609
¢ Hydr. P 71.6% 61.6% 33 ,8% 57.5%
Ribose 403 .118 127 .648
Purine 382 =099 115 596
Guanine 372 .0758 .068 .518
Adenine .010 024 048 .082
Guanine 3.7/1 3.08/1 1.42/1 6.3/1
Adenine . i
Pyrimidine 144 +0617 <243 439
cytidylic 08 .028 .156 .256
Uridylic .072 .024 .087 183
%¥t1d¥;10 1/1 1.19/1 . 1.9/1 1.4/1
" X e
Purine N/T.N. 72 . 5% 68.8% 48.5% 63.5%
purine/pyrim. | 2.65/1 1.92/1 | .472/1 1.34/1

w2



Table XII

Original € o n t r o 1
per  milimoler|non-dif- Diffusi- ,Diffusl-
ecent | per 100 {fusible {ble Aloc. |ble Alc.|Total
T T e e

7.N. 16.15| 1.18 2,5 .9 _+885  |4.266
T.P, 8,53 275 .54 .21 +271 1.021
Hydr. P 5.18 | -.165 .368 | .144 082 |.464
 Ribose 25.80| .172 | .416 +153 .0785 _ |.648
Purine’ 11, 157 402 134 0317 1,568
Guanine 8.3 +»118 312 .il <008 2428
Adenine 2.7 .0386 090 | .024 .026 214
 Pyrimidine 4,96 122 +169 .070 +219 +458
Cytidylic 3.02 | .o72 »103 +0499 110 .264
Uridylie 1.39 0496 +068 ,0201 .109 .14

Purine N/T.N. |68% 74% 74 .5% 18.3% 65.65
£ Hydr., P 60% 68% 68.5% 19.84 45.2%

Guanine . 3.06/1 | 3.47/1 |4.6/1 | .234/1 [3.06/1
' anine - .

%%%é%’ | | 1.42/1 |1.56/1 | 2.43/1 1.01/1 D.38/1
§§§%§§d' - 1.29/1 |2.38/1 |1.91/1 .145/1 p.24/1

Pancreas ribonucleloc acid, preparation 36-24, precipitated as in
36-20 (the analysis of original see table XII). Before incubation
RNA was dialyzed in cold 5% of T.P. dialyzed out. Splitting of
ribonuclease treated sample after 36 hrs. of incubation was 29.0%
Splitting of ribonuclease control sample after 36 hrs. of incuba-
tion was 29,0%. After 24 hrs. of dialysis after incubation 49.5%
of T.P. was dlalyged out in ribonuclease treat., sample.

After 24 hrs. of dialysis 60.0% of T.P. was dialyzed out in ribo-
nuclease ¢ phosphatase sample.

After 24 hrs, of dialysis 49. 0% of T.P. was dlalyzed out in ribo~
nuclease control.

The results are shown in Tables XII and XIII



Table XIII
mﬁﬁon lease treated = ,E}l?g;mv eug%_gggﬁﬁgﬂ
fusible ] ble Alc.| Total fusible sible |[Total
insoluble soluble lo.injAlce
luble {soluble

M_1 1 1 m o 1 e » 6 1 1 1 m o 1 10 s
T.H. 2.68 606 1.35 |4.636 [2.88 .58 [1.54 |8.97
T.P. .56 136 .37 1,086 {.546 .1345 |.461 |1.148
Hydr. P +394 .09 052 | .538 .45 .116 |.322 |.888
Ribose +480 111 .146 737 §.432° | .119 |.172  [.723
Purine N 402 093 092 587 q.ae .085 1,128 |.B88
Guanine 312 073 .012 387 1.317 .068 1,015 1,400
Adenine 080 020 079 .189 §.063 .017 |.108 {.188
Pyrimidine 2156 042 +263 461 r.lee 20334 |.241  |.442
gytidylie 094 .027 138 .259 1.108 021 |,139 |.868
Uridylic ,062 015 .85 |.202 f.063 | .012 |.202 |.177
Purine N/T.N | 75.,3% 76.5% 33.9% |63.54 §66% 77.2% [40% 74%
£ Hydr. P 70.5% | 66.5% 14% 50.3% 182.4% | 86.14{704 |77.5%
Gumiﬁo/Adaﬂ_gQ 3.47/1| 3.85/2 .187/1 '3.09/1‘5.05/1 4.08/1 L1374 2.128/1
Cytidyl./uridd 1.52/1 | 1.89/1 | 1.1/1 11.29/1§1.67/111.7/1| 1.36A) 1.8/
Purine/Pyrim. | 2.58/1 | 2.22/1 .348/1 |1.27/1]2.26/1 | 2.85/1]61/1 11.33/1
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Results:

Tables X, XI, XII, XIII show that about 50% of the RNA.
gialy;od out of the sac in both cdntrol and RN-ase treated
samples and about twlce as much was found in the alcohol super-
natant than in the aleohol precipitate. The ratios Purind N/T.N.,
Purine/pyrimidines and~hydrolysablo P/T.P. show that the alcohol
,supornntant contained twice as much pyrimidines as pdrines, whilg
the results obtained in the alcohol precipitate wgn tho'opposite.
On reviewing the results of these experiments one must bear in
mind the fact that guanylic acid 1s less soluble than adenylid
acld in 75% alcohol., Therefors, the relative increase of
guanine in the alcohol precipitate (which we bellieve consists
mainly of a low polymer fraction of RNA), may be dus to the low
solubility of guanylic acid rather than to a loss of adenine
nucleotide from the nucleic acid. Adenylic, uridylic and
oytidylic acids are soluble in 3 volumes of alcohol. The ratio
of cytidylic scid to uridylic acid did not show any qutntnnding
changes, but guanine to adenine ratio was decreased in the
alcohol supernatant.

In order to compare the ribonuclease action on pancreas
ribonucleic acid and yeast nuclelc uoid,'yoast nucleic acid
was treated with the enzyme in the same way as ribvonucleic

acid in the above experiments.



(Table XIV)

Table XIV

Original ¢ oon t r o 1
per Fﬂlimolss non ‘Dir:(‘uai- Diffusible TOTAL
.gcent | per 100 diffu-~ible alc. {Alc.soluble
mg NA sible j(insoluble|
‘ M L1 I m o 1 e 8
TN, 16.20| 1.16 1.29 | .8€ 77 2.64
T.P. 8.68 | .278 .466 138 .208 +814
Hydr. P 5.52 | .178 .198 093 ,0808 +342
Ribose 27.85| .185 .248 | .109 ,0915 .449
Purine 11.7 | 167 .194 .Q93 .0292 .316
Guanine 6.24 | 0892 | .113 | .058 ,003 .174
Adenine | 5.46 | 078 | .081 035 0262 .142
Pyrimidine 4.42 | ,115 .077 273 41634 .513
Cytid. 1.92 | .0457 .026 | .213 .063 +302
Uridyl. 1.93 | .069 .049 .060 .1 «209
Purine N/T.N 72% 75.5% | 80% 18.9% 60%
£ Hydr, P. 64 __142.5% | 67.4% 24.4% 42%
Gyanine/Adenine 1.14/1 [1.39/1] 1.68/1 .115/1 1.22/1
‘gltidxl./UridJ +87/1 | .539/1] 3.56/1 0636/1 | 1.44/1
Purinq/pyrimii.' 1.45/1 | 8.52/1 .§4i/1 »170/1 .616/1

Yeast nucleic acid preparation 33-l1 was purified by Levene's
method &nd dialyzed(for analysis see Table XIV), in cold for

24 hra. 10 of T.P. dialyzed out, before incubation.

. Splitting of ribonuclease treated sample after 24 hrs. incuba-
tion was 18.5%.

Splitting of ribonuclease control sample after 24 hrs. incuba-
tion was traces on

After 24 hrs. dlalysis 49,04 was dialyzed out in the ribonuclease
treated sample.

After 24 hrs. dialysis 0.0% was dlalyzed out in the control.



the dialysate fraction was absent in the yeast nuclelc acid
control sample on incubation at 25° C, indicating that yeast
nucleic acid does not decompose on incubation wi thout the
enzyme and (or) yeast nucleid acid is much more sensitive to

ribonuclease treatment than pancreas ribonucleic acid.



-38-

Discussion

Pancreas ribonucleic acid was found to be easily decomposed
in aqueous solutlons on incubation at 25°C at pH 5.3 (acetate
burfer).

. Treatment with ribonuclease did not revaaliany additional
changes, except in the adenylic acld content (Tables X, XI, XII,
XII1), the loss of which was greater in the ribonuclease treated

sample (aes Table XV).

i

The hydrolysis of RNA in aqueous scolution cannot bte explained
by the presence of Kunitz' enzyme, since addition of ccopper ions
did not inhibit the decomposition.

It seems that we are dealing with either (a) a mixture of a
labile and a resistant fraction of pancreas ribonucleic aol@.
or else (b) the original KNA has lablle groups and a resistant
residue. Thb labile groups are easily split off on incubation
- 1in aqueous aélution, and the fraction which remains seems to
be resistant to ribonuclease,

'However, yeast ribonucleic acid, purified by precipitetion
with 80% acetic acid and dialyzed to get rid of low polymer.
fraction, was resistant to incubation in ;qucoun solution, i.e.
no splitting took placa, and was sensitive to ribonuclease.

The hydrolysis products wore the same as in the pancrcaaiﬂﬁﬁ.
The changes produced in pancreas RNA on incubation and those
caused by RN-ase on yoaaﬁ RNA consist of the depolymerization

of the nucleic acid into smaller fractions which dlalyse out



Table XV (35)

[ 3
Distribution of Kucleotides after Dialysis of Ribonuclease~treated and Control Specimens
of Pancreas RNA, with Molar Ratio of Nucleotides in Each Fraction.

Percentage Distribution Kolar Ratios

. ?:2: Ade- (Gua~- Cyto- Total Hydrol P Ade- Guan- Cyto~ Uracil
TableNo. nine nine sine Uracil P TP nine ine sine
c.ontml-mrr.nc.sal.“‘m"“ 1.1 15 E 1 54.8 7.4 1 1.2 2.8 1.9
" insol. 10 57 172 6.9 10,6 58.95 1 77 l.8 2.0
Diffusible Total 10 36.8 32.2 60.0 &5.4 42, 1 2.2 2.5 1.9
Non-diffusible 10 863 67.8 40.0 34.6 ‘ 75.7 1l 2.7 1l 0.6
RN-ase Diff.alc.sol. 11 58.5 13.2 60.8 47.5 33.8 1.0 1.4 Sed 1.8
” " insol. 11 29.3 14.6 11.0 13.1 61.6 1.0 3.1 1.2 _ 1.0
total 1l 87.8 27.8 71.8 60.6 51 1 2.0 2.6 1.5
Non-diffusivle 11 12.2 72.2 28,2 39.4 71.6 0.14 5.2 1.0 1.0
Control Diff Ale.sol. 12 18.6 1l.4 41.8 56.0 19.2 1 0.23 4.2 4.2
" insol. 12 17.2 25.68 19.0 10.3 ; 68.5 1. 4.6 2.1 0.8
Diff. Total 12 2 35.8 27.0 60.8 66.3 49 1l 2.3 3.2 2.6
Non-diffusible 12 64.2 73.0 38.2 33.7 68.1 1 Sed 1.1 0.7
Sum 1 Sl 109 1.3
RH“'“. Dirr.Alﬁ.SQl- 1‘3 41.8 300 53-2 6109 140 l 0015 108 1.6
" Insol. 13 10.6 18.4 10.4 7.4 .. B68.5 1 Se7 l.4 0.8
" Total 13 52.4 21l.4 63.6 69.3 49.5 1 0.9 1.7 l.4
1 2.1 l.4 1.1
RNase ¢+ Prostate-Base 13 '
' EIffusibic-Alc Sol. 57.4 3.8 52.4 57.6 70. 1 014 1.3 - 0.9
* Insol. 9.1 17.0 7.9 6.8 86.1 1 4.0 1.2 0.7
Total Diffusible 66.5 20.8 60.3 64.4 60.0 1 0.7 1.3 0.9
Kon Diffusible 35.5 79,2 39.7 35.6 82.4 1 5.0 1.7 1.0
Yenat RNA ¢ RE-ase 14
Diffusible-Alc.301. 18.3 1.7 20.8 47.7 24 .4 1l 0Cll 2.4 3.8
" Alc.Insol. 24,6 33.3 70,56 2B.7 67 .4 1 1.7 Bel 1.7
Total Diffusible 42.9 35.0 91.3  76.4 49.0 . 1 1 4.5 2.6
Non-Diffusible 57.1 65.0 8.7 23.6 42.5 1 l.4 0.32 0.80
o . 301 ‘.5 1.0 1’9
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through cellophane membrane (about 50% of the nucleic acid taken)
the dialysate containing 1/3 of the original purine and 2/3 of the
pyrimidine nucleotides. 26.3% ~ 51% of the diffusible fraction
was precipitable with 3 volumes of ethyl alcohol, but no phosphate
¢ould be iplit off by proatatié phosphatase, indicating that this
fraction must be a relatively high polymer, but small enough to
diffuse through cellophane membrane.

. The alcohol soluble fraction when treated with the phosphatase,
.1iverated 56% of the phosphoric acid groups. If this fraction were
a mixture of totr#— and mononucleotides we could conclude that
about 50% of it consists of mononucleotidoa. .This confirms the
work of'Loring and Carpenter (47) who were able to isolate the
mononucleotides, but did not report rapprt any quantitnﬁivo data,

During the decomposition of the RNA pyrimidine nucleotides

are split off to a greater extent than purine nucleotides, increas-

ing in the alcohol soluble fraction. This is revealed by the

ratios of Purine N Hydrolys. P and Purine each of
Total N . Total ¥ Fyrimidine ! eash--of

which is at the minimum value in the alcohol supernatant.
The'ratio of cytla§lic acid shows that ribonuclease does not -
specifically gglig ogf&gnly one of the pyrimidino nucleotides. The
decrease 1nlguan1ne ratio in the alcohol supernatant might be due
adenine

to the low solubility of guanylic acid in alcohol, but not to
the increased liberation of adenine nucleotide. o

The non=-diffusible fraction differs from-the originﬁl nuclcié
scld in being a smaller polymer, no longer precipitable by 80%

acetlc acld.



«dle

The action of ribonuclease was found to involve both the
depolymerisation of nunloic}acid into smaller fractions non-
diffusible and diffusible through cellophane membrane and in
the liberation of free mononuscleotides, preferentially but not
specifically pyrimidine nucleotides.

The liberation of mononucleotides suggests that elther both
purine and pyrimidine nucleotides (the latter to a greater extent)
form the side chains in the nucleic acid molecule, or slde that
th?y are split off from the dgpolyﬁarisation products, without
being necessarily the side chains in the original molecule.
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Summary and Conclusions

Methods were developed for:

a) the separation of free purines and pyrimidine

' nucleotides. |

~ b) the direct determination of oytidylic and uridylic
aclds.

Pancreas ribomucleic acid waa‘round to be very sensitive
to aqueous hydrolysis at 85°C es coupared with yeast
nucleic acid, the residue being resistant to further
hydrolysis by ribomuclease. |
Ribonuclease renders the nucleic acid soluble in glacial
acetic, indicating the depolymoriaation‘of nuclelc acid.
The depolymerized nucleic acid consists of 2 fractions:

a) non-diffusible and

b) diffusible through uollophané membrane, and

precipitable with 3 voiumc; of alcohol.

Ribonuclease also liberates free mononucleotides,
diffusible through cellophane membrane, and noneprecipitable
with 3 volumes of alcohol, with the exception of guanylic
acid vhich.doeu precipi tate.
All four mononucleotides are found to.bo liberated from
the nucleic acid, the amount of Pyrimidiné exceeding that

of the purine nucleotides.
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