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Ab.traet

1. Methods .ere developed tor:

.) the .eparation 01' tre. purine. and pyrimidine

nucleotide••

b) the direct det.Nination oto7t14,.110 and urldylic

acida

2. Panore.. rlbonuoleio aoid. W&8 found to be ".FJ .eneitl....
r .

to aqueou8 h7dro1y.ia at 2So C...a eoapared. with ,.e.at

nuolelc aoid, the resid.ue being re.iatant to further

hydrolyaia by rlbonucle••••

I. Ribonuolea.e renders the nucleic acid soluble in glacial

acetic, indicating the depolymerlzatlon or nucleic acid.

•• .. ..,.l7M...i'" =01.10 ••14 oona1.ta ot8 tr••tiout

a,) non-diffusible and

b) diffusible thr.ough oellophane me.brane, and

preoipitable with 3 volumes of alcohol.

6. Ribonuolea•• al.o liberate. tree mononucleotide.,

diffusible through. cellophane membrane, ancl non-precipitable

wI tb 3 volume. ot aloohol, wI th the exoeption or guanylic

aoid. whioh do•• preoipitate.

6. All tour mononucleotidea are found to be liberated trom

the nuclei 0 ae let J th. _OWl t of '1rimid1ne exo••ding that·

of the purIne nucleotide••
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A. H1ltorloal

Rlbonucl..... (HI-ue) w.a ell.covered by Walter Jone. in

1920 (16). Se boiled an aqueous extrao t ot pancr••s and de.

troyed all .n.~•• except one, whioh deoompo.e. ribonuoleio

aoid (RNA) not th1JBua nucleic aoi4. Jane. round that nucleic

dis.'ted with thi. ensJm8 w.. no More preoipitable .ith sul

furic aold. In 1923 Jon•• and Perkin. (27) .ere able to ••

parat. tour mononuol.otid••. .f'rom.th. dige.tion mlxture. Uains

Lev.ne'. prooedure (41) of traotionation with aloohol they

obtained guanine and adenine traotiona, and concluded that the

ens1Dle breaks Inter-nucleo tide linkagea, al though th.y admi t

teet the posaible presence ot aome aubatanc•• intermediate

bet••en nucleio acid and mononucleotide.. !hey reported that

no incr.... in titratable aoidity was'produoed bJ the enzyme

action. fbi. Is now di.proved, anel it Is oontradIotory to

their finding., b.oa~•• it mononucleotide. are produo.d on

liberat1ng Internuoleotide-••ter linkages, Inoreaaeot" aoidi

ty must oocur.

Sohmidt and Levene (55) conoluded that the funotion ot

the .n.~e 18 4epol,.eriaation, limited to.~ di••ooiation

ot. tetranucleotld•• of high molecular .eight into tho•• of
lower moleoular .eight, wi thout the tormation ot mononucleo

tid... 'lb.,. considered the name "rlbonuoleodepol,..ra.e" to

be more appropriate tor the en.,..
Yhe tlrat attempt to purIfy thls heat stable en.,..

•
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w.adone by Dubo. and Thoap.on(14) b1 ..ana ot acetone,).

KUDitl (36) succeeded in isolating orr.talllne rIbo-

nucleas.. He ••parated the protein from an aold extract

or panoreas by tractional precipitation 'with ammonium sul

tate. The ribonucleaa. protein waa found 1n the traotion

801uble in O.6~ saturated ammonium aulfate, but insoluble

1n O.~ saturated ammonium aultate. The yield .a. about

3 gm. per 10 kg of panore.a. Kuni ts .tudied extenaivel,.

the ohemioal and phyaical properties ot crystalline ribo

nuoleaa.. Th. enzyme be isolated was a protein having a mo

lecular weight ot l5000!lOOO. The region ot mu1mum s tab1

lIt,. wa. betw.en pH 2~O-4.i. Heat stability waa dependent.
upon the pH ot the aolut1on, deerealing .a the pH w.. in-.

ore..ed. The inaotivation or the enzyme upon heating •••

aocompanied 07 the gradual denaturation or the protein, .a

••••ured by Ita solubility 1n ..onium 8ulfate. It w•• alao

inactivated by alkali, the rate of inaotivation being propor

tional to the rate ot change or the native protein into de·

natured protein.

Kunita found·that r1bonuole..e brOUght about a gradual

aplitting ot ,..aat nucleic aold into _.ller oomponents .hioh

diftu•• through oollodion __bran.. ThIs .pllttl.I8 ... aoo_

panied b7 the toratation ot tl tratable ao1d groupe w1 tbout the

liberatIon ot tree phosphorio aold.

A1.1en,and Biler (I) atud1ed the inON..e 1n aoldlty on

treatment ot y...t nucleic 1.014 solutlon. w1 th rIbonuclease,

u.lng a glas.eleotrode tltrat10n appara tua,. The,. prepared

a solution ot nucleio aoid using .odium hydroxide of known
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•
• q,uivalent., and adju.ted the pH to 6.8. thus obtaining •

butter mixture ot rlbon~ol.10 acld and .odium rlbonuoleate.

Caloulations showed that RI-u. liberated 0.96 equivalent.

ot aold tor every 4.9& equivalents ot pho8phoric aoidper

mole or tetranuoleotide. The acIdic group .a. liberated

in the range ot pH 6 and was therefore a .eoondary phos

phate. The.. finding. were conflrmed later by Ohantrenne

(9) • Allen a.nd Eller conoluded that the ao.tlon of ribo

nuolease oould be regarded elther as an opening of cyo11c
•

• tructure or a8 a depolymeri.ation.

Sinoe the enzyae aoted upon ita substrate with the

liberation ot tltrata:ble &Oldl0 group., it was posalble to

develop a manometrio method in Wbloh the acl~lc groupe .er.

made to eYolve COa trom a bioarbonate butte:r. Thia method

••• tirat u••d by Bain and Ruah (~) tor the •••a7 or ribo

nuclea.8 in biological material., and later by Zlttle (68)

in hi. atu41•• on the extent or hydrol"8i. ot nucleic aold

by thia ens.,... Zl ttl. aU8pected that the bydrolY81. was •

stopped b,. the inhibitor,. etreot ot mononucleotide. (68),

but tound that upon removal of the h7drolJtl.produot~:b1

d1al,.1. the h,drol,..1. wu not increaseC!_ ae oompared the

r ••ulta or h7d:rol,81. by 1"1bonucle••• against that call.ad by

.od1um hJd.rox14e (70) ancl tound that ribonuoleic -acid Wh10h

had been h'fdrol,.s.d b7 treatment with normal·.odlW1l hydroxide

tor 0.6, 1,1 hra. at 11°C. was atill·quite reactive with the

en.JIIl.. The· react1v! tl waa .e..ured by the .ount of preoi

pitate obtained with the uranlilanreagent. How.ver, the traction

re.istant to RII-ue .u tound to b~ h1drolrzed more ~lo..11

wi t.h ao<11um hJdroxlde. In orde" to eatimate the .xtent or

'g".. ~;., ..... at .~it frt .• '#\

•
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hydrol,._I., he precipitated the unohanged or reaistant trao

tion ot nucleic acid with Mao Fayden'. reagent (modified bJ

Zittl. to oontain (0.2'" uranium aoetate In 5~ t.riohloro·

acetio &oid). A~t.r adding an equal volume ot th1s reagent

to the hydrolysate the re.ulting pH w.. 1 (70) under the••

oond.ltion. about 60% or nuoleic acid preoipitated, whil. only

l~ was precipitated by treatment with 7 volume. ot glaoial

acetio acid. The traction preoipitated by aoetio aold sho.ed

oomplete resi.tance to the aotl~)n of 1'1bonuole••e.

Th••• result. were oonfirmed by Loring, Carpenter and Roll

(48), who tractionated the ribonuclease resistant material

into fraction A (precipitated with 7 volumes of glacial aoetic

acid) and traction B, (precipitated, trom the acetic acid super

natant With one volume of alcohol).. Both tractions were

treated with ribonuol.... and compared with puritied nuoleic

acid. treated with Rlt-a•• , Fraotions A and B wore ahown to be

resistant to further treatment with enzy,me. Loring oonoluded

that ribonucleic acid containa at lea.t 2 difterent tJp8a ot

linkage., one which i.labile and one whioh i8 resiatant to

ribonuclease actIVity_
.

The ribonuclease r8sistan~ traction difters In' composition trom

the original nucleic aoid in containing relativel, larger

amounts ot purine, partioularly guanine. It was suggested

that ribonuclease aotivity wa. ooncerned to a greater extent

with the liberation ot pyrimidine than ot purine nucleotldes~
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Howeyar, Loring and Oarpenter (4'1), atter tr.ating yaut
, .

nuel.io acid wi th rlbonucl...., .ere able to isolate 4 mono-·

nueleotid•• U bydrol"tio produota, ualng Levene's ••thod or
fractionation (41, 43). The" did not report any quantitative

e.timation ot mononucleotide••

Chantnnne (9) followed tb.e aotion ot ribonuclease on

,..ut nucleic aeid 01 measuring the opaoity ot tb:. solution in

Lange'a electric photometer. In ooncentrations below 1.6 mg nuo

leic acid per co_, the opacity w.. proportional to the oonoentra-

tion.

A dirterent .ethod of studying the nature of 8n.11118 action

on nucleio aold ... applied by Sohmidt, Cubile. and Tbannhau.er

(57), who introduoed a oombination of en.1M•• aa tools in the

analysi. ot the produc t. ot hydrol,...i••

'They a.parated an acid-phoapha tass from hypertrophic pros tate

tisaue. This monophoapho-eatera•• split phosphoric acid on11

trom mono••t.rot1ed phosphotic aCid. They found that an ex

haustive hydrol,..i. with ribonuolea•• rendered only S5~ ot tb..

total phosphat." hydrolyaable wlthproatate phosphat•••, ,,7.
phoaphate groups remal~ing 41- or trl- esterified.

They conoluded that the inorganio pho.ph~t. released by prostate

phosphatase trom ribonuolease treated nucl.ic acid originatea

trom p)Timld1ne nucleotide.. Hence tne,. ooncluded that the

aotion ot -ribonuclea•• involve.,apaoltically or at 1.1.8' pre

rerentially, one or the two pyr1mldiDt nuoleotide••

J. M. Gulland (21), using ribonuolease a8 a tool in hi'

studie. of nucleic acid struoture, conoluded that ribonuol••••
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aotivity v&rie. with tn....ple ot Duole!o aold. The ena,..

re.iatent traotion ot nucleio acId closely reaemble. the untreat

ed. nucleic acid, but'd, mould not be interred. that 1 t i. an

unchanged traction ot nucleio acid. There 1. a lack or
agr••ment a. to the Ghang•• occurring In RIA on a.-a•• treat

••nt. There are two pointa ot view, the one aupported by

Jones and Perkins (27), Loring and carpenter (47), and Zittle

(68) that the produc ta or h)'drolY81a are mononucleotide. and.

that supported by Schmidt and Levene (55) and Kunitz (36),

that the aotlon of RN-as. oonslata In d..polymerizing nucleio

aold.

B. fr••enta tiOD ot th. Probl••

The inor••••d solUbility of nuoleio aoid in 80% ac.tio

aoid atter ribonuolea•• treatment luggesta it. depolymerl&atlon.

However the extent ot d..polymeriaation haa not been inve.tigated

fully.

Isolation ot the tour mononucleotide. by Loring and Carpenter

(.w) &tter treatment or RNA with ribonuclease sugge.ts a 8plit

ting or RNA into mononucleotIde. but no Q.uantita.tive study w..

made to show the extent or such splitting. The probl_ of

whether the RNA ia aiwply d.polymQ~iaed or partially split

into mononuoleotid.s i8 not 801v&d by a study of the lIbera-

tion or titratable aoid groups, nor by the formation of mono·

esterified phosphoric ao~d, unless the hydrolytic produots are

tsolated after depolJmer1zatlon (or splitting to mono

nue~8otldes). In both oases (lIberation ot a tree mononucleotide

.,. .
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aoid atter ribonuolea•• treatment luggeata it. depolymerl&atlon.

However the extent ot d..polymeriaation haa not been inve.tlgated

fully •.

Isolation ot the tour mononucleotide. by Loring and Carpenter

(.w) &tter treatment ot RNA with ribonuclease sugge.ts a 8plit

ting or RNA into mononucleotIde. but no Q.uantita.tive study w..

made to show the extent or such splitting. The probl_ or
whether the RNA ia aiwply d.polymQ~iaed or partlal17 split

into mononuoleotid.s i8 not 801v&d by a atudJ of the lIbera-

tion ot titratable aoid groups, nor by the formation of mono·

esterified phosphoric aol~, unless the hydrolytic produots are

tsolated after depolJmer1zatlon (or splitting to mono

nue~8otldes). In both oases (lIberation ot a tree mononucleotide



· ,

or dlpOl,..erlaatlon of a straight ,chain ot nucleotide.) the

, titratable aoidity would Incre.se and phosphate radioal would

beco•• monoeaterifled.

In vi•• ot ttle inadequaOJ of the expe:rimattal evlder:u)e explain

ing the nature 01' depolJmerizatlon. a further inve.;lgation 01'

the problem waa indicated.

,In all but one ot our experimenta reaat nucleic aoid us.d Dr
previous l,nve.tIgatOra wa. 8ubatltutod by panore.a-rlbonuolel0,

acid a. the substrate tor ribonuclea.e.
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!!tel-lUI anclM.i;hoc.t,.

A. Ribonuolease and. IBcleio AO;d

Ribonucl.... , prepared troll 10 kg of beef panor...

by the .ethod ot Kuni t. (a6), was obtained in an amorphoua

tora, aa no cr"'8tal••ere available to ••ed it. Thi.

material was u••d in all but a te. experiment.. The later

experlment8 .ere performed with Armour'. cryatalline .naJa8.

The ribonuoleic aoid used a. 8ubstrate. waa prepared

rrcm beet pancreas ac cordi~ to a 1118 thad devl.ed in thi.

laborator,. by Kerp and Seraidarlan (35).

~o .ethods ot purifioation otthe RNA were uled.:

1) Levene'a method. (38) by precipitating with~ acetio acid.

a) Chantrenneta aethod (10), by preoipitating 'With an

equal volume ot a mixture ot 40% ac.tic acid, IO~ acetone

and 40% water. "('.
• ,l

(How.ver, our'preparations of nucleio acid when treated with

thia mixture r ••ul ted in • oolloidal solution. To avoid this

water w.. replaced wltb saline (&5).

The a.timation ot the degr.e ot .pll tting oau.ed b7 rlbo

~uole..a in all expert-ant. W&8 aade pn small aliquot., i.8.

bJ preclpl tatlDg the en.,... resistant traction wi th 0••• uranlua

acetate in 5~ trichloroaoetic aciel and. deterlll1nlng the unpre:'

cip1 tated pho.phate to total pholphate. Thia .aa Go.pared

w1th RlfA tr.ated in the sam. way in the ab••noe of the ens,...

(36. 70). In order to get full information about the action

of ribonuol....e, a method had to be developed for the direot

determination ot pyrimidine nucleotid••• and tor difterentia·
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tion b.t.....n cytldyllc and uridyll0 acid••

B. Revie... ot Method of Preparation ot Pyrimidine CompoAAd••

Levene'. prooedure tor tn. preparation of tr•• pyrim1dine

ba••• (38) and .tmilarly Jon•• ' method (88) involve drastic

hydrolysis at 17500. tor ~ hour. in 200 00. or a~ .ulfUrl0

aold (per' 50 mg ot nucleio acld). !hi. re8ults in great

101. ot nuolear nitrogen and oarb~lzation, hence thia

prooedure could not b. adopted tor quantitative work.

Att~pt. to modify Wheeler and Johnlon'. bramlnatlon oolor

teat (67) tor uraoil and eytoaine tor quantitative determina-

tian .ere not succe.srul.

w. found that Mac Fayden'. (16) procedure of traotionation

of a mixture at mononuoleotide. at ditterent pH'., do•• not

.eparate &harpl,. the individual constituents or nucleic aoid,

and 80 18 not suited tor quantitative work.

The methode applied by Plentl and Scho.nheimer (M)

and Barn•• and Schoenh.e1mer (4), involving hydrol"81a ot

nucleic acid in 2~ hydrochlorio acid at 185°C tor 3 hra.,
•

have the 8ama disadvantage aa the hydrol,.si. in 25:' aulturio

acid or Leven. (1.~. 10•• of nitrogen and oarbo~ia&tlon) •
•

Davidaon and 1I")'mouth' .. meth04 (13) J de.it;ned tor

preparation ot nuoleotide., 1s not auitable .. a ••tnod

tor quantitative anal,.ala.

The biological ••••y tor pyrimidines uaed by Loring

(50) was not applied, because ot laok of faoilit1... The

..... 18 true for the onromatographio method bt Viaher and.

tion b.tw.en cytld1110 and uridyll0 acid••
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Chargatr (~&, 66) and tor tn. enz,.atlo determination or

oytldyll0 acid by meana ot a special d...lnas. (18).

Xerr and S.rudarian'. method' (34), tor the ••paration

or tr•• purine. trom nuoleotide. and nucleoside. mar be

applied to tn. acid hydro178ates ot nual.ie acid. W. noted.

that al~ouah the purine baa•• are quantitatively precipitated

from acld hydrolyaate. oJ: RJ'A bJ meane or Agl103 in aoid

solutions, the unhydrolr••d. pyrimidine nuoleotide. rema1n 1n

the supernatant.

Our attentionw•• theretore direoted to the finding ot

a reagent whloh would precipitate quantitativel, the pyri

midine nucleotides, atter hydrolysia or RNA and re.ovll

ot purines by silver.

c. PreolRltatlon or Pyrimidine luoleotldea.

Cytidylio aoid, oytidine and 0ftO.in••ere round to be

precipitated quantitatively w~th .ilve~ nitrate 1n solution.

alkaline to phenolphthalein. M"ro~ic M trate alao preoipi

tates these quantltati...e1l, ,While mercuric acetate onl,..

54.5~. On attempting to preoipitate uridyll0 aoid with

ailvel' plus alkali and two volume. ot .th,.l aloohol,onl'1

50~ oould be reoovered. Finally it ... found (~5) that the'

preoipitation oould be made quantitatively b1·addlns ~ volum••

of 1.oprop1l aloohol. Oytidyl10 acid was al.o precipitated

quantitatively by silver in alkaline.solution on adding ~

voluate. ot i8opropyl aloohol (a•• Table I). Por r ...ona to

be given latep in thl. paper, the add! tiOD or lfOa- 10na ...

avoided. Silver nl trate solution .aa theratoN repl.edby
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8ilver oxide auspenaion, this being added to the sol.ution

oontaining the pyrimidine nucleotide. and sulphuric aoid.

The preolpi tat10n was quan.titatlve as confirmed b7 recovery

experiments (35).

The r ••ulta or th••e experiments taken from the unpubliahed.

work ot Kerr and Seraidarian (35) are pre.ented in Table I.

!he oytldylio acid was prepa.red by Bredereck and Richter'.

method (6A) With a HIp ratio ot 2.9 atoms. The uridyllc
-r

aoid' .... prepared by Kerr (S5A) by deamlnatlon or oyt14yllo

acid and had an atomic ratio ot 1.951 •
lP

L
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tt.
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fable I.

Compari.on of AgBOI, AssO, ethyl .leohol and laoproPJ1
aloohol, u••d as reagent. tor precipitation ot p,rim!.

cline nucleotide••

urld1111c
aoid If

taken
mg.

Cytidyllc Total
aoid N N ta

taken ken
mg. mi.

Tota11
In alka
lIne aU...
ver pre ..
oipi tate

mg.

Recovery

.

79.0

72.0

70.0

70.0

98.0

88.8

82.0

76.7

8S.&
tl.0.,.,

112.0

68.5

6-&.5

100.0

101.5

100.5

98.0

0.852 0.672

0.734 0.615

0.7S7 0.667

0.2'16 0,.231

0.196 0.220

1.0e8 0.667

1.68 1.232
1.136 1.098

0.296 0.191

1.a6 1.26

1.045 O.S58

1.311 1.005

0.H6 0.7"

0.8U 0.'185

1.043 0.987

0.918 0.925

0.816 0.810
'",,".'.:-':'" "';-'._,..",,

1.26

0.933

1.62 .
0.458

0."'1
0.630

0.196

0.630

0.630

0.11.

·0.630

0.852

0.78'7

0.2'15

0.7M

0.4&2

0.1~6

1.068

0.296

0.77'1

0.41;5

0.534

0.B.6

0.610

0.413

0.188

O.UQIt r."n• .. • • • 11

Cytldyl1c acid t Ag20 t 3 vol.
isopropyl alo.

Cytldylio aold t AgSO t 3 vol.
eth,.l ale.· . " " " " . " " .

Urldylio(Ba salt) t AgaO t 3 vol.
,ethyl alo •.

• ." • • n' " • • " " "

O,tldylic :., urlayl'~ t"AilO .. &1Ol.
isopropyl

" • • " n n If • " n

" • • " n " " n " n "

C,.tldylic t uridyl. t AgaO t I vol
8th,.l aloe· " " " . " " . " " .

• " " " • • n " n " •

• " • " " n " " " " "

Urldyll0 acid + AgiO. 2 vol.
eth:,1 al0.

Urldyl1c aold t AgaO t It vol.
eth,.l ale.

Urldylio acid t AgeO • 3t vol.
eth,.1 ale.

Urldllic aold t !gaO t 5 vol.
eth,.l ale.

... Uridyllc aold t AgNOS t 1) vol.
ethyl alo.

Urldyll0 (Ba s.lt) + AS20 t 3 vol.
isopropyl ale.· . " " . . " " " . .
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1.oproP11 ale.

• • " .. " " " " It " It
0.1~6 0.196 0.220 112.0

Urldylio(Ba aalt) t AgaO t 3 vol. 1.068 1.0e9 0.667 a8.5
,ethyl ala •. .

" .. It .. .' • " • " • " 0.296 0.296 0.191 6".5
Cytidyl10 acid to Ag20 t 3 vol. 1.26 1.a6 1.26 100.0

isopropyl ale.
Cytldyll0 aoid t ASIO t 3 vol. 0.933 0.933 0.945 101.5

eth,.l ale.
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C,.t1dy11c t urldyl. t AgaO t I vol. 0.77'1 0.458 1.135 1.098 88.8

8th,.1 aloe
• .. .. " • at " " " " " 0.41;5 0.630 1.045 O.S58 82.0

" .. " It It It " It " " " 0.534 0."'1 1.311 1.005 76.7
II It • n " " " " .. ... It 0.B.6 0.630 O.He 0.7" 8&.&.. tI " " " • n It " " II 0.610 0.196 0.88' 0.785 81.0
O,t l dylic'., urlayl'~ ."A&80tav&.. 0.413 0.6Z0 1.043 0.987 .,.,

ia.propyl
" .. " " It It ff a " It 0.188 0.630 0.918 0.925 100.5
• .. " • " " n " It n (I. litO 0..11' 0.816 0.810 98.0

... ) ~,;,,~i~w~,\l;' '''''".'.:'-:'" .•. ':" ·,h'.
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· The t1•• requlNd tor hldrolla18 ot th.• rf.bonuolel0 aold

.a. detel"lD1necl in 0.5 N and 2 I conG*Dtratlon. of RaSO. ualn&

papor... nucleic acid, prepa.atlon 36-17A, preoipitated with

an equal volume of mature: 2 volume glaoial acetio acid t 1

volume aoetone t 2 voluae. saline (10. a5).

It waa a••uaed that when the 11beratlon ot lnorian1c phosphate

heIR the purine nucleotid•• reaohed a oonstant .figure, tn.

purine. would alao have b••n oompletel} .et tr.e. fhi. 1.

8upported by the work of It. Lohmann (46B) am Levene and Tip.on

(46A) •

Figure 1

Curve of Hlarollala or Phoaphor1c Acid
trom Panoreas Ribonuoleic Acid by RaSO.
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H'1drolYlis 1n 0.5 N HgSO., W&I chosen to.r the an&l1'll'

ot RIA 1n order tnat the ac1dit7 might not be too great tor

complete preoipitation ot the purine. by 8ilver.

!he prooedure finally adopted for the ribonuoleic aoid

anal,.aia .as .a tollow.:

A weight&i .ample (60-80 ag.) ot ri bonuolel0 aci4 w.. hydrolys.d

at 1000 tor a. hra. in 0.51 H2S04 in a teat-tube provide. with

an air condensor, and the hydrolysate was diluted to 25 co.

1 co lampl•• from the diluted aolution .ere taken tor total

nitrogen, total pho.phate, hydrolyzable phosphate and r1bose

detanninationa. The total n1 trogen .as determined b,. mioro-

. K~dahl, accord1~ to Kerr and Seraidarian (:sa), phosphat••

by the m.ethods of Fiake and Subarrow (17) and ribose bY' Bial te

reaction aa described by Kerr and Seraidarian.(34).

A 15 co lample from the 25 00. ot hydrolysate .aI mea8uredfor

purine and pyrimidine determtnation.

0.02 volume. of a 1 Molar Ag20 au.penaion ... added with atirring

. to permit solution a. AggIO.. ':he silver purine. precipitate ....

oentrifuged, the 8upernatant .olution decanted into .. 2fO 00.

centrifuge tube and the preclpl tate .aahed twice wi th dIe tilled .

w.ter. !he lupernatant solution 8.1'14 "a.hings .ere cc.blned

and a few dropi of AgiO au.pension w.. added. !be alxture ,w.a

aade alkaline to phenolphthalein with aodium hydroxide preoi

pitating A~O and 3 volumee ot 1.oproP'1l aloohol'w.s ~dded to

complete the preolpltatlo~.or the pyrimidine nucleotidea.

H'1drolY8is 1n 0.5 N HgSO., wal chosen ro.r the an&l1'll.

or RIA 1n order tnat the ac1dit7 might not be too great tor

complete preoipitation ot the purine. by ailver.
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anal,.aia .a• • s tollow.:

A weight&is"Ple (60-eO ag.) ot ribonuoleio aci4 wu hydrolys.d
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an air condensor, and the hydrolysate was diluted to 25 co.

1 co lampl•• from the diluted solution .ere taken tor total
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d.tanninationa. The total n1 trogen .as determined b,. mioro-

. K~dahl, accord1~ to Kerr and Seraidarian (:sa), phosphate.

by the m.ethods of Fiake and Subarrow (17) and ribose bY' Bial te

reaction aa described by Kerr and Seraidarian.(34).

A 15 co lample from the 25 00. ot hydrolysate .aI mea8uredfor

purine and pyrimidine determtnation.

0.02 volume. of a 1 Molar Ag20 auspenaion ... added with stirring

. to permit solution a8 AggIO.. ':he silver purine. precipitate ....

oentrifuged, the 8upernatant .olution decanted into .. 2fO co.

centrifuge tube and the preclpl tate .aahed twice wi th dIe tilled .

w.ter. !he aupernatant .olution 8.1'14 " ••hings .ere cc.blned

and a few dropI of AgiO auapension w.. added. !be alxture ,w.s

.ade alkaline to phenolphthalein with sodium hydroxide preoi

pitating A~O and 3 volumee ot i.oprop'1l aloohol'w.s "dded to

complete the preolpltatlo~.or the pyrimidine nucleotides.



I
The precipitate was collected by oentritugation and ...hed twioe

with 3:1 i8opropyl alcohol-water mixture.

The Purine and pJrimidine silver precipitates were extracted

w1 th hot 0.6 N ani 1.0 I HOl (reapect1.,.ly) arr! diluted to a

volwn.. or as 00. w1 th the .... reagents. To tal purine am
•

pyrimidine nitrogen .ere determined b1 micro-Kjelda}l •• thod

on 1 00 ...ple. of the extracts.

In an aliquot ot purine Hel extract guanine I waa determined.

oolori_trically (78) and adenine N w.. calculated b7 difterenoe,

(i.& *. purine N - guanine :I.).

In an aliquot of Hel extraot containing the pyriMidine nuoleotide.,

both oytid71io and urldylic aclda .ere determined spectropho

tometrioall,. as described later in this paper.

The method described by Ma••art and Haate (61) for the determi

n..tion ot pyrimidine-bound ribos. could not be duplicated, the

recovery ot pyrimidine-ribose being only 30%.

D. Picrate Preoipitation ••thod.

With the purpose of determining cyti4ylic aold in the pre.enoe

ol uridylic aCid, repeated attempt. were made to precipitate

cytidine with picrate. Th. reaulta obtained may be ot BO_

intere.t, even though the attempt was ~u~.s.tu~*, !he pro

eedura used tor preoipitating oytidine .... the same .a that
,

de.cribed by Hitchings (23) for the precipitation ot adenine

picrate. Both cytosine and cytidine .ere preoipitated

qu:antitat1velr .ith. picrate, cyticlylic aoid did not precipitate

(table II).

We have not b.en able to find any reterenoe in the literature

to the preoipitation of cytidine ... picrate, although w. find it ..
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to be quantitative. The preparations us.d were prepared from

ye..t nuoleio aoid:

1) oytldyllc acid by the method of Bredereck and R10hter (6A),

2) cytidine was purehaaed from Hoffmann-La Roche Laboratorr,

3) ~yto.ine w•• purohaaed trom Bio. Laborato~.

Table II.

P,rlmldine N Pyr1midlne I Recovery
taken found in pio-
mg. rate ppt. ~

mg.

Cytoeine 1.56 1.485 95.0

C,.tidl~. 1.20 1.17 i'1.6

Oytidyllc aoid 0.94 .- --
As cytidylic aoid i8 very resistant to h1drolyai., the only

method available for splitting off the phosphate 18 by mean.

of an enzyme. Pro.tate phosphataae ap11ts off the phosphate

radical quanti tativ.ly. Thi. enzyme was prepared accordlna

to· the method g1ven by Sohmid t and i'hannhau••r (57), and w..

further purified b1 preoipitation with ammonium

sulfate. The fraction precipitated b.t~een 0.6 and 0.8_

saturation with ammonium aulphate waa found to oontain the

pho.phat.... Th. ammonium sulphate.as then removed by

dialysis. The phoaphate radioal of cytidyllo' acid waa

lib&rated Q.uantitatively by the enayae 1n O!t2M aoetate butter

at pH 6.5, at a'1°o. After suoh treatment, oyt141ne could not

be prec1pitated with piorate, although, a~ atated above,

comm.roial oytidine was oomplete17 precipitated.
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OUr inter.at was d1z-eoted to find out wbether the failure of

the c7tldlne to preoi pi tate w~a due to the pre••nce ot aoetat.

butte~, phosphate ions or to the enzJme ita.lf (Table III).

Table III

pklmidine If Pyrimid.ine If Recovery
Taken found in pi-:
.g crate ppt. ,

mg.

O,.tld1lio aoid and
acetate butter pH 5.5
t Phoaphat..e 1.48 -- --

C7tidine t equlvalent
ot PO. (&8 IBIPO,) 0.98 O.g35 gS.4:

Cytidine 'f .quivalent
of P04 t phoaphata.e 0.88 0.92 9'.0

Cytidy11c acid t phos-
phat.a. adjusted to
pH 5.5 with N.OR ,. BCl 1.48 1.40 94.2

AI the result. in Table III ahow, the presenoe ot acetate

prevented picrate preoipitation, possibly by blocking -HBe group

(-NHCOOHZ formed). When the pH was adjusted to 5.5 without

the addition of aoetate, cytidine was pregipitated by picrate.

Sinoe in tn. ooura. of analysi. pyrimidine. nucleotide. are

preoipitated as alkaline lilver salt., it wae neoe••ary to

ahow that the prooedure doe~ not interfere with the enz1Dle

action or the pio~at. preoipitation. C1t1dyllc acid w.a firat

precipitated with .1lver at alkaline pH. !he pre.oipitata waa

extracted witn N IICl, evaporated to drynes. in the to6an
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evaporator (4GC) d1••01vod 1n lee ligO, pH adjuated to 5.5 aD!

inoubated tor 1 hr. w1 tb. phosphat.... Spll tt1n& or phoaphate

trca oyt1d111:o aold w'" oomplete, but the oytid.ine obtained

atlll did.not preoipltate with plcrate. Thi. failure to preci

pItate oould not be cau••d b7 deaminatlon a8 on repreolpltatlng

0ltlcilne In the above experiment. the total nitrogen taken ...

reoov6red.

Suapectlng the interferenoe or envlronmental or other faotors in

the prooedure used, the 8ame experiment waa carried on (1) 1n the

oold, (2) ~n the dark, (3) in the pre.enoe ot reduo1na agent
•

(bydroqulnone), (4) w1th oytidine (lnstead ot cytldyll0 aold).

but in no instanoe were the re.ults an;y better than in the

pr.vious experi..n1i. W. are at a lOIs to explain theae results.

The reaaon i8 that probably oytidine aausee or enhanoes the

. reduotion ot Ag+ to Ag, 1n an alkaline medium, thus undergo1ng

an oxidation 1tS81t; or In the presenoe ot Agt', in an alkaline

medium, an 1.omer1••t10n take. plaoe and. thi. lsomer 1s no more

preolpi table wi tb. plorate. Jlowever, a compar1son of til. absorption

ourve. 1n the spectrophotometer reveale no difterenoe between

silver treated and untreated 07t1d7110 aold.

Next a trial to replaoe silver b7 me:roul'lc nitrate was made,

but 1t waa found that the phosphatas. was no JIOre react! ve

under theae oonditiona, po••lbly due to tn. presenoe of trao••

of meroury_ That the abil! t7 ot cytidine to preoipitate with

picrate do•• not chani_ in oontaot .1th AS" 1n an acld1c

medlum 1s shown in the rollowl~ 8xper1llent: A mixture ot

adenlne and oytidine "aa taken and the adenine was preclpi tated

..
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with AgH03 in an aoid Medium. The exoeaa or Agt was then removed

trom the .upernatant solution with H01, an aliq,uot w... taken

and treated with picrate, which gave 80~ reoovery of oytidine H.

It i8 intoresting to note that cytosine precipitates wlthplcrate

arter A820 treatment

:I. Speotrophotoaetrl0 Determinationa.

A spectrophotometrio method, to determine the amounts or
oytidylic and uridyll0 acid, in the pre.enoe of each other, waa

att_pted. The Beok:raan spectrophotometer, Model DU Quarts w.s

used. The molar abaorbtion ooeffioients ~.ere oalculated trom

the extinotion measurement. E or cytidylio and uridylio acida. ,

Cytldylio aoid u.ed was purohased from Sohwartz Laboratory with

a NIp ratio 3.01/1 uridylic acid w•• prepared by Kerr (35A), with

a HIp ratio of a.Ol/l

Solutions were p~.par.d:

1) containing 8.95 - 10.3 molea/liter of uridyll0 aoid,

and 2) 5.8 x 10-3 molea/llter of cytldyllo acid.

1 cc. samples were taken and diluted 50, 100,200, 250, 400,

SOO time. with 0.01 N HgS04:- E reading were taken and the

average values or ~ plotted againat). the GUrv•• ar. ahown in,
Figure 2.
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Figure 2

Molar abaorbtlon ooetficient. or c7tld711c
and urldl110 acid.
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The relatlonahlp bet••en a'b8opotlon ard th1okne•• ot the

cell and between absorbtlon andoonoentratlon are a. tollo.s:

B=log f. (- 04, where ! 18 the extinction or the logui tba ot

t~ ratIo or the inoldent to the tranamitte" light (••asund In

speotrophotometer) .. .i18 the thickneaa ot oell (si••n), 2. 1e

the conoentration of a.ple (to be oalculated tor the unknown)

i 1. tn. speoifio extinotion, 1.e. extinotion tor a molar· oon

centration and unit thickne•• (gIven in riSUr. 2). The peak

or cytldyllc aold ourve 18 at).. 2'18 = 1:5.82 oX lOa

!be peak ot ur14ylic acid curve 1s at). a61 : 9.'18 x 103 •

!be larg.B.t difteNnoe between molar abaorbtlon coetriclent.

ot oytI4yllc and uridyll0 aOld~ 18 at) 2'18:

13.12 x "loa
- ••as x 103

8.S4 x 103

Howver, when C1tld.yll0 acld 1. oonverted to ur1dyllo bJ"

d...lnlaatlon, a8 de.oribed below, the ctlang. in molar extinotion

ooetfioient 18 t~d to.be 9.34 x 103 •

The value8:

t 278. tor oytldy110 =13.22 x 101 •

~ lal tor urldyllo:: 9.73 x 103.
'-178 betore d8U11nlaat1on-
~ 2'18 atter deam1nlaatlon :: 9.34 x lOS .. are the

averaae value.oalculated from a 8erte. or exper1menta (35).

!he relatlonahlp bet••en ab8opotlon and thickne•• ot tbe

cell and between absorbtlon andoonoentratlon are a. tollo•• :

B =log f. (- od, where! 18 the extinction or the logui tba ot

t~ ratIo or the inoldent to the tranamitte" light (••asund In
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the oonoentration of a.ple (to be oalculated tor the unknown)
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centration and unit thickne•• (gIven in riSUr. 2). The peak

or cytldyllc aold ourve 18 at). 278 = 1:5.82 oX lOa

!he peak ot ur14yli c acid curve 1s at). a61 : 9.78 x 103 •

!be larg.at d1fterenoe between molar abaorbtlon coetriclent.

ot oytI4yllc and uridyll0 aOld~ 18 at) 278:

13.12 x "loa
- ••as x 103

8.S4 x 103

However, when C1tld.yll0 acld 1e oonve rted to ur1dyll0 bJ"

d...lnlaatlon, a8 de.oribed belo.,~e ~lang. in molar extinotion

ooerfioient i8 t~d to.be 9.34 x 103 •

The value8:

t 278_tor oytldy110 =13.22 x 101 •

~ laa tor uridylio = 9.73 x 101.
'-178 betore deamlnla.t1on-
~ 2'18 atter deam1nlaatlon =9.34 x 101.. are the

averaae value.oalculated from a 8erte. or exper1menta (35).



In or4er to oalculate the ~otal m.ber ot mola ot pyridine.,

cTtldyll0 acid had to be oonverted to urid,,110 and readlnaa

taken at l 262, using tor oaloulat1on tn. molar abaorbt1on

ooef"f'lclent 9.7 x 108. Aa a routine readlnia .ere taken on

botb aidea of thia peak, 1.e., at ).. 259 an4)..16S. A peak

at ~ 161 was taken .. an Index or completo GODveralon or

oyt1dylio aoid to uridyll0. On the other hand, the au.bor ot

mola ot oytldyll0 aold oould be oalculated from the ohange ln

the abaorotlon at.A 279'on oonverting the cJ'tld.yll0 to uridyl10
./

aoid, uaing the ractor ot 9.34 x 103 per mole. The amount of

u.rld11i c aoid waa. a.aumed to be the d1rteranoe bet••en the

total number of mola and the Dumb4Jr or mola or oytldylic aold.

Caloulationa:

E 262 after deU11natlon x volume ='total number of mole. in
. 9.'15 x !()3 1006~. _.ple taken

E 278 betore <i.urnation .... E 27S attar <team• .x volUBle: number
9.3 x 101 1000

or mol•• or oytldyllc ao14.

The best lIl.thod tor determlnln& cytldyllc aoi4 would .e_ to be

b7 deaa1nlzatlon, u81ng a.. deamlna•• apeoifio tor o1tlcl7110 aold

(31, ~2). Or••natein (18) baa desoribed .u.oh an en.,.., tou.n<l

1n the kldney of a oertain 8 tr_ ot mou... Aa thia .a. no t

available, a dl.f.rerent method h.ad to be d..v.loped.. 1be cs.e..lnatlon
. .

waa done by Van SlJke-•••thod (6a) bl uall1¥ eq,ual Volua8. or ~

.od.ium n1 trl te and glacial acetio aold..

A 1 co ...ple of pyrimidine Hel extraot .as taken, evaporated

to dryness, next leo HSO added then 0.26 00 or.5~ NaNOS and

0.25 00. 01' glaoial aoet10 acld. Arter atand1na at room '
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ill

t ..~ratUl". tor 11- hour. oytldyllc aold was tOUDd to be d.aminiaed.

The exc••• ot nitrlte was de.troy.db,. the oautiou. addition

ot lee 10. NHaOH (~5), this ..... done in the oold to avold axime.

formation. The aample w..s diluted to 100 00 and abearotion

d.eterm1.ned at 262 and. 268. On another aliquot ot p,.rimldlne

orla1nal Hel extract 1.e. not de_inia.d, the abaorbtlon •••

••t.~1ned at 878.
,

The cample. taken ueual1l contained about 0.2 uag ot N and ,sa••

E readings of about 0.400 at 278 betore d...1natlon. A blank

oontaining 1 co of Nflel 1n the place ot pyrimidine extraot and

then treated 1n the aame ...y as the unknown aample .a. run in

each oase and the ab.orbtlon of the unknown ...ple was m.aaured

&&alnat a reterenoe cell containIng the blank. The reoovery

ot total pyrimidine nItrogen 1n a seri•• ot experimental aver8&ed

~. It was suapected that the 10•• (about lO~) -u clue to 4_.1

natlon or to 80me othe1" ohange. taking plaoe in the cour.e ot

anal,..la. Jt1ear1ns th.t trac•• of nitrou8 aold might be formed

trow nitrate In the presence of a ailver preo1pitate and li6ht,

and thua 80mo c7tIdyll0 acid might be d...lnize4, it was deo14ed

to us. A6s0 in plaoe or A8N03' alth.ou&h the r8.\11t. given 1n ,

the experim.ent below revealed no ditterenoe'when performed in the
..

dark. It waa ..lao 1aportant, to avoid the pre••nof,Jot 103 lOU,

oonsidering tne taot that NO~- absorb. ultraviolet 11iht.

The tollowlna expertmente ••1". pertormed., w1 th the lelea ot

inoreasing tneperoentage or reooveP71

II t

t ..~ratUl". tor 11- hours oytldyllc aold wa. tOUDd to be d.aminiaed.

Th. exc••• ot nitrIte .a. destroyed by tn. oautiou. addition

ot lee 10. NHaOH (~5), thi...... done in the oold to ..vold axime

formation. The _.ple w..s diluted to 100 00 and abearbtion

d.eterm1.ned at 262 and. 268. On another aliquot ot p,.r1mldlne

orla1na1 Hel extract 1.e. not de_inia.d, th. abaorbtlon •••

••t.~1ned at 878.
. ,

The campl•• taken ueual1l contained about 0.2 uag ot N and ,sa••

E readings of about 0.400 at 278 betore d...1natlon. A blank

oontaining 1 co of Nflel 1n the place ot pyrimidine extraot and

then treated 1n the same ...y as the unknown aample .a. run in

each oase and the ab.orbtlon of the unknown ...ple was ••aaurad

&&alnat a reterenoe cell containing the blank. The reoovery

ot total pyrimidine ~ltrog.n 1n a serie. ot experimental aver8&ed

~. It .... suspected that the 10•• (about lO~) _u clue to 4_.1

natlon or to 80me othe1" ohange. taking plaoe in the courae ot

anal,..1a. Jt1ear1ns th.t trac•• of nitrou8 aold might be formed

trow nitrate in the presence of a ailver preoip1tate and li6ht,

and thua 80mo c7tidy110 acid might be d...lnize4, it was de014ed

to us. A6s0 1n plaoe or A8N03' alth.ou&h the r8.\11ta given 1n ,

the experlm.ent below revealed no ditterenoe'when performed in the
..

dark. It waa ..lao aportant, to avold the pre••nof,Jot 103 lOU,

oonsidering tne taot that NO~- absorb. ultraviolet 11iht.

The tollow1na expertmente ••1". pertormed., w1 th the lelea ot

inoreasing tneperoentage or reooveP71
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1. 1 00 01tld1110 acid .olution (a~1 x 10-3 mol••/liter) •••

precipitated with AgSO t 3 volume., or 18oproP71 alcohol}

the prec1pl tate w.. extracted w1 th bot HOl and diluted to

100 00 with HSO. 'lb.. abeorbtlon values .ere read. in

Beckman's speotrophotometer.

2. D1tto 1n the 4ark

3. Ditto in the CQld

1•• Same .a 1 but preoipitated with AgH03

2a.

3a•

"
If

••
n

"
It

t.

"
"

• '. 1 co. oytldyll0 aoid aolutlon (3.7 x. 10....3 mOlea/l1 tel')

411\,lted to 100 co w1 tb 0.01 N ,H01. Reaulta are ahown on

Table IV.

Table IV.

E
1.

E
1&.

E
28..

B
3.

E
4

280 .455 .465 .480 .440 .465 .480 .480
\

278 .460 .470 .465 .445 .470 .461 .486

-
a'15 .450 .460 .44' .440, .461 .45'1 .6'15

270 .400 .415 .400 .390. .416 .410 .430'

265 .~ao .335 .323 .311 .335' .~ .360

262 .970 .285 .274 ~160 .181 .278 .stS

160 .230 .250 .240 .821 .180 .842 .810

The caloulatlona from table IV, namely E 278 x volUlle ,
1!.i2il03 XbOb

_howed errors of .no more than 10% in each oue (1, 2, 3,

la, 2., 3a) as compared with unprec1pltated olt1dy11c aoid

(aee Exper. 4 of tho same table.).

-'''-:$'"5' -, vA

1. 1 00 oltld1110 acid .olution (3~7 & 10-3 mol••/liter) waa

preolpl tated w1 thASSo t 3 volum••, of: laoproP71 aloohol J

the precipitate w.. extracted with hot HOl and diluted to

100 co w1thHSO. 'lb.. abeorbtlon values ••re :read in

Beckman'.. spec tropb.otolle tel'.

2. D1tto 1n the clark

1•• Same .a 1 but precipItated with AgH03

ia.

3&.

" •t

" It

.1

It ..
..

4'. 1 co. oytldyllc aoid 801utlon (3.7 x. 10.3 mOlea/ll tel")

d.il\,lted to 100 co w1 tb 0.01 If ,H01. Reaul ta are ahom on

Table IV.

Table IV.,

E
1.

E
2.

E
1&.

E
28..

B
3.

It
4

S80 .455 .465 .480 .440 .465 .460 .480
\

278 .460 ••70 .4&5 .445 .470 .46"1 .486

-
8'16 .450 .460 .447 .440, .461 .457 ."'15

270 .400 .415 .400 .Z90. .415 .410 .430'

865 .320 .335 .323 .311 .335' .330 .360

262 .270 .285 .274 ~860 .181 .S78 .211

160 .230 .aso .240 .a27 .180 .a4S .800

The caloulatlona from table IV, namely E 2'1& x 'Volume ,
1!.22Xl03 1000

.howed errors of .no more than 10% in each 0.... (1, 2, 3.

la, 2a, 3a) as compared with unprec1pltated c1t1dy110 aoid

(aee Exper. 4 of tho same table.).
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!he recovery otoyt14711 0 acld in th. e,xperlaent , .. compared.

with the _ount takez;& i8 99.~. It mal be ot 81anltloance that the

...alue. obtained when the expeallent .1.. parfo:rmedln the 4&*
are 'definitely higher than In the pre.enoe ot light, althoU&b

It ••emed to make no .d1fterenoewhether AglOa or AgiO wae uaed.

The abaorbtlona of o7tic11110 aold 1n aold and alkaline

.olutton. diftered to a great extent., but on aoidification the

value. were again the same .a in &0 id .olutions (Table V) •.
I

Theretore, the alkallM medium did not ahang. the moleeule

penaanently.

Table V

Ooapariaon ot B value. ot the aame amount. ot oytld1110
aoid in 0.01 N ~S04' 0.01 N I&Oft and acidified atter
3 hra. ot alkaUne trea'tment.

1 co cltld7110 1 co 0ltld.--. 1 00 oytld. ~ 1 00 11 XaOB,
acld--.... 100 00 100 00 In O.OlB lett tor 3 hra.,thtm 2 00.
In 0.01 R HaS04 RaOH 1 I RaSO" -. 100 co w1 th

B B E ~O

880 .480 .830 .480

878 .48S .8&2 .US

8'18 .4'15 .&00 .480 .

8'10 ."30 .125 .430

86& .&ao .all .150

US .895 .a95 .8flS

"
aao .260 .180 .865

t r.
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!he recovery otoyt14711 0 acld in th. e,xperlaent , .. compared.

with the _ount takez;& i8 99.~. It mal be ot 81anltloance that the

...alue. obtained when the expeallent .1.. parfo:rmedln the 4&*
, .

are d..tin! telJ higher than In the pre.enoe ot light, althoU&b

It ••emed to make no .d1fterenoewhether AglOa or AgiO wae uaed.

The abaorbtlona of o7tic11110 aold 1n aold and alkaline

.olutton. diftered to a great extent., but on aoidification the

value. were again the same .a in &0 id .olutions (Table V) •.
I

Theretore, the alkallM medium did not ahang. the moleeule

penaanently.

Table V

Ooapariaon ot B value. ot the aame amount. ot oytld1110
aoid in 0.01 N ~S04' 0.01 N I&Oft and acidified atter
3 hra. ot alkaUne treatment.

1 co cltld7110 1 co 0ltld.--. 1 00 oytld. ~ 1 00 11 XaOR,
acld--.... 100 00 100 00 In O.OlB lett tor 3 hra.,thtm 2 00.
In 0.01 R HaS04 RaOH 1 I RaSO" -. 100 co wI th

B B E ~O

880 .480 .830 .480

878 .48S .8&2 .US

8'18 .4'15 .&00 .480 .

8'10 ."30 .125 .430

86& .&ao .all .150

US .895 .a95 .8flS

"
aao .260 .180 .865
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BxperlJllental

A. Analysis or tha Rlbonuoleaae Resiatant Fraction

Be!"••••et&11ed ••thod ot anal,..l work•• out, scae

prel1m1Dar7 exper1mentJ. wi tb. rl'bonuca r~ perro_eel •

.The prooedure applied waa .. tollon:

A~ panoreu ribonucleio &014 aolution was divided into two

parta. to one 4£. whioh rlbonuol....... added, whIle the other

.... kept ... control. Both .olutions were looubated. in 0.1 II

acetate butr.. pH &.3 at 81S0 C.

The extent ot .pl1ttlq; ot ribonuolei0 aold, bued on

preolpl tatlon ..1 tb. .cPac1d.ena reagent, dlscua.ed UDder "Mater1ala

aDd Metb.o4a"-A, was d.teradned. Atter 84 hra. ot incubation

Z vol...... ot alcohol were a4d.e<l to both aolutloDII, the prete1-

p1 tate••ere •••hed and d.ried in V.CUUII over PaOa at '7SoC.

Anal,.••••ere mad. ot ••l&hed .~ple. ot the rlbonuoleaae-

r ••1at.ant traot1on, the oontrol incubated without- enzyme, and.

the original nucleic aoid which had not been incubated.

Table VI

Th.. preparation (16-4) uaed tor thi. exlMtr1Jlct was a panora..
RIA,purl£ied per L.vone(38) by preoipitation w1tb ~ aoetio
acid. Thla pre'olpltate ... then dissolved 1n water and. dealyzed
1n a oellophane bas, tben reprecip1tate4 b7 I volume. or alconol
and. treated. wi th the enqa., u desoribed above. (uctp.: 'h('14~at.'·fi>\ 5"~lS.

886
.11'1
.80

.onl

.110

.160

-as- .

.110

.160
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laq11 VI.I

.Panore.. ribonucleic aold, prep..atlon &6-16 u••d tor tnl.
exper1ment _.. preoipltatecl with an equal vo1ua. of •
mixture or 2 yo1u.•• ac.tio aold • 1 V01UB. ot acetone
• a ••»•• -01 " ••B8 t S vol'Wl'le8 8al1ne, per Chantrerme
(10, as)

I

I
~

Con t r 01. R1bonuc1....
.not Inoubate4 lnoultated . treated

It 1 1 1 II. o 1 8 • lar 100· lUg NA

~ of total P not pre-
o1pl tated by uran. 0 20.4- 55.0
reagent

.1'. N. 1.15 1.17 1.19

T. P. .29 .8'71 .8U

HYdr. P. .16 .1'15 .178

B1bo•• •119 .181 .19•

PuriM I .148 .1&7 .171

Ouanlne .101 .0848 .1&e
Adenine .044 .082& .01'1

Purine I/T.H. ~l." 7l~ 78.&'
, BYdr. P. 56••~ 6•••• 87."

Guanine/Adenine a'.80/1 1.03/1 a.8e/l

~ab1e VIII

Panore•• ribonuoleio acid, preparation 36-17A w.a preoi
pitated aa in 38-15.

40.o

no

......

.Panore.. ribonucleic aold, prep..atlon &6-16 ue.d tor tnle
ezper1ment _.. preoipltatecl with an equal vo1ua. of •
mixture or 2 yo1u.•• ac.tio aold • 1 V01UB. ot acetone
• a ...... -of " ••B8 t S vol'Wl'l88 8al1ne, per Chantrerme
(10, as)

I

I
1

Con t r 01. R1bonucl....
.not Inoubate4 Incubated . treated

It 1 1 1 III o 1 8 • 1: er 1.00· lUI: NA

~ of total P not pre-
o1pl tated by uran. 0 20.4 55.0
reagent

.1'. N. 1.15 1.17 1.19

T. P. .29 .8'71 .8U

HYdr. P. .16 .1'15 .178

R1bo•• •lS9 .188 .19•

PuriM I .148 .1&7 .171

Ouap.lne .101 .0848 .1&e
Adenine .044 .082& .01'1

Purine I/T.H. ~l.~ 7l~ 78."
, BYdr. P. 56••~ 6•••~ 87.M

Guanine/Adenine a'.89/1 1.03/1 a.8e/l

~ab1e VIII

Panore•• ribonuoleio acid. preparation 36-17A w.a preoi
pitated aa 1n 38-15.

, '

1.161

40.

1

o

no
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'fabl- .u

I
, I

Pancreas ribonucleio aoid preparation 16-178 conati
tutes the 8\\pOrnatant ot 3S-17A, preoipitated w1 th
aloohol.

c 0 n t r 0 I • albonucleu.
not 1noubated • incubated treated

M 1 1 i 121'0 1 • • p Itr 100 mg~
:l ot total P not pre-

0 ~6.0olpltated by uran. 42.3
reagent
!.H. . 1.1 1.11 1.18
T.P. .1'76 .256 _-,2&4
HYdr. P .152 .163 .1'7"
Ribo•• .145 .144. .14i
Purlne .138 .11a .165
Guanine .007 .114 .111
Adenine •041 .038 .04•
Purine 1/ '1'.1. 62.5~ 6e.~ 7.
, HYdr. P. 55.a~ 6a.M 68••~
Guanine/Adenine ,. 2.3,,/1 ~.O/l 2.,611

Disou••lon or Tabl•• VI-IX

In the tour ex.per1Jnenta pr••ented in Tabl•• VI, VII, VIII,

IX, the peroentage or hydrolyaable P to total P and of purine.

to to tal ni trogen was found to be inere ued after r i bonuclea.e

trea~ent. the same was true tor the ratio ot guanine to adenine.

The inorease in the pereentageot hJdrol,..ab1. P 1s IIlOre than

the inoreue in the percentage ot purine.. Thls 1s expeoted

when pyrimldlna. are lost. One pJrlmldln. nuoleotide loat trc.

purlne-P7rlmldine d1nuoleotide.repre.ent a ~ 108. ot phoapbate

but onl~ a8.5-a7.~ 10•• ot Altrogen. At thi. point the

following two faotor~ 8hould be conaidered:

1) the peroentage ot sp11 tting of dirterent a.ple. treated with.

ribonuolease in the· .... w.7, 1s not unlt~rm.

2) ribonuoleio acid solution splits on 1ncuqatlon without tn.

-2'7- ' I
1

Pancreas ribonucleio aoid preparation 16-178 conati
tutes the 8\\pOrnatant ot 3S-17A, preoipitated w1 th
aloohol.

1albItc 0 n r 0 • onuc e...
not Inoubat$1 .incu.Qated treated

M 1 1 i 121'0 1 • • PiItr 100 mg~
:l ot total P not pre-

0 ~6.0 42.3oipltated by uran.
reagent
!.H. . 1.1 1.11 1.18
T.P. .1'76 .256 _-,2&4
HYdr. P .152 .163 .1'7"
Ribo•• .145 .144. .14~

Purine .138 .11a .165

Guanine .007 .114 .111
Adenine .041 •038 .04•
P\u'ine 1/ 1'.1. 62.5~ 6a.~ 76
, HYdr. P. 55.a~ 6a.5~ 68••~
Guanine/Adenine

""
2.3"/1 ~.O/l 2.,611

D1soua.ion or Tabl.. VI-IX

In the tour ex.per1Jnenta pr••ented in Table. VI, VII, VIII,

IX, the peroentage or hydrolyaable P to total P and of purine.

to to tal ni trogen was found to be Inere ued arter r i bonuclea.e

trea~ent. the same was true tor the ratio ot guanine to adenine.

The inorease in the pereentage ot hJdro1,..ab1e P 1s IIlOre than

the inore.... 1n the peroentage ot purine.. This is expeoted

when pyrimldina. are lost. One pJrlmidln. nuoleotide loat trc.

purlne-P7rlmldine 41nuoleotide"repre.ent a ~ 108. ot phoapbat.

but onl~ a8.5-a7.~ 10•• ot Altrogen. At thi. point the

following two faotorlJ 8hould be con.idered:

1) the peroentage ot spli tting of dirterent _.pl•• treated with.

ribonuolease in the· .... w.7, 1. not unlt~rm.

2) ribonuoleio acid solution aplita on incuqation w1thout tn.



.-as·

a4d1 t10n of ens,...

In two cu.s (preparationa: 36-1& unq,u.ot.-d and 16-24 to

be d••or1b.dlater 1'0 thi. p~X') the apll tUng or r1bonuoleic .

oontrol and ribonuolea•• treated sample were tn......

The following possible explanationaahould be aoneidered:

1) The RNA used (panora.. ) ditters from "'8aat UNA, being.

reaistant to ribonuol.... troatment. !be rea1atance ...,

however,' not unitara in the dltrerClt preparations:

2) Ribonuolea.e ••,.. have b.enpresent in tne•• preparat10na .. a

oontamination due to the metnod 01' preparation ot the Duel.10

..a1cl troll pane1-...... .

The 1'ollowlng experiment aho.. that the ••oond al ternatlve cannot

'be accepttld., unle. s the 1'1bonucle.... present ••re an enzyme

difterent trom tb.at 4e.orlbed by KW11 ta •.

.laper.: To a solution oontaining 84.7 mg ot ribonucleio acid,

5 co 0.8 !If aoetate butter pH 5.Z and 0.2 oc 1" Cu8~. solution

..re added an4 the m1xtUN wu dl1uted to 10 00. 1'0 1 co ot

th.l. aolution 1 co or uranium reagent was added and the mixture

was centrltU6ed. The supernata.nt solution oontained no phosphate.

A 9 co port1on or tn. solut1on was inoubated at 2So C. tor

24 brill. After 94 hra_ 1 cc ot: this was taken and. troato4 With

1 00. ot uran1um re8C)8nt. !be supernatant oontained 31.2~ or the

total phoapb.&te •

. Cu"· 18 known to inhibit ribonuclease aotivit,. .(69),

theretore U Kun1t&' r!bonuolea•••ere ~••nt in our preparation.,

It. action would be inhIbited an4 no apl1ttlns would oocur.

An attempt .u made to precipitate the HI-u. reaistant
. hydrolysis

traction and the frac tiOI1 re s is tant to 1\ 1a» the oontrol, wl.th. ~

,-18-

a4d1t1on of enapae.

In two cu•• (preparationa: 36-1& unq,'U.ot~ aDd 16-24 to

be d••or1b.dlater 1'n thi8 p~X') the apll tUng or ribonuoleic .

oontrol and ribonuolea•• treated .ample were tn......

'!'be following possible explanationaahould be aoneidered:
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. hydrolysis
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ilaolal acetic acid, butnopreoipltate .U obtalned., 1ndloatin&

that the r ••i.tant traction ••8 not the unchanged I.A.

B. Fractionallon pt Rlboguol.... Tr••ted Ribonuoleic A014 .1~

Daterm1D&tlon of Pyrillidlne Huoleo tid••• '
.,.

The analys1. or the ribonuclea.e re.istant traction giv••

0017 Indireot evidence .. ~ the nature of material whioh i.

ap11 t ott. I t doe. not an••er the qu.st1on whother rlbonucle...

aotion consiata, in the apll ttlng or mononuoleotid.e. trom RIA OJ"

onl7 iadepol,merlzatlon.

Sinoe tr~~tlonation of tne ribonuoleas. treated sample. would give

a more d1not an•••1' to thi. que.tion, the following procedure

... used 1n the last ••rles of' exper1Dlenta:

The rlbonuclea.. treated material and the oontrol .ere put 1n

oellophane bag- anel dialyzed tor 24 ..hrs. The content. of the

oellophane baga ••re then oonoentrated. to a small volume 1n

Logan evaporator and ana17zed. The dial,.aate was evaporated

1n vaouum then treated with 3 volua.s ot etb7l alcohol, preoipita

tlng the 10. pol1l8er traction. The aU.Pe.rnatant rluid, (believed.

to Gontato mononuoleotido.) wal evaporated to • volume oonvenient

tor analys8••

In oNar to d.etermine ",lw th Er or not tn. aloohol supernatant
,

contla1;a ot mononuoleotide., ,tt», action ot the .ono-pho.pho.at.r....

ot prostatio tIssue studied on tb.1Ja 1'%"6Ot101'1, u tollo.a:

Both the rlbonucl treated aample ot RNA ..at a oontrol

apea1aen were inoubated and d1a.lJ&ec1. '.the dla17••te ....

tractionated wlt};l 3 voll.ae8 ot,aloahol and the total phosphat,

oontent in the aloohol aupernatant was ,det.ralMcl. Next proata1;4l

ilaolal acetic acid, butnopreoipltate .U obtalned., 1ndloatin&

that the r ••i.tant traction ••8 not the unchanged I.A.

B. Fractionallon pt Rlboguol.... Tr••ted Ribonuoleic A014 .1~

Daterm1D&tlon of Pyrillidlne Huoleo tid••• '
.,.

The analys1. or the ribonuclea.e re.istant traction giv••

0017 Indireot evidence .. ~ the nature of material whioh i.

ap11 t ott. I t doe. not an••er the qu.st1on whother rlbonucle...

aotion consiata, in the apll ttlng or mononuoleotid.e. trom RIA OJ"

onl7 iadepol,merlzatlon.

Sinoe tr~~tlonation of tne ribonuoleas. treated sample. would give

a more d1not an•••1' to thi. que.tion, the following procedure

... used 1n the last ••rles of exper1Dlenta:

The rlbonuclea.. treated material and the oontrol .ere put 1n

oellophane bag- anel dialyzed tor 24 ..hrs. The content. of the

oellophane baga ••re then oonoentrated. to a small volume 1n

Logan evaporator and ana17zed. The dial,.aate waa evaporated

1n vaouum then treated with 3 volua.s ot etb7l alcohol, preoipita

tlng the 10. pol1l8er traction. The aU.Pe.rnatant rluid, (believed.

to Gontato mononuoleotido.) wal evaporated to • volume oonvenient

tor analys8••

In oNar to d.etermine ",lw th Er or not tn. aloohol supernatant
,

contla1;a ot mononuoleotid.e., ,tt», action ot the .ono-pho.pho.at.r....

ot prostatio tIssue studied on tb.1Ja 1'%"6Ot101'1, u tollo.a:

Both the rlbonucl treated aample ot RNA ..at a oontrol

apea1aen were inoubated and d1a.lJ&ec1. '.the dla17••te ....

tractionated wlt};l 3 voll.ae8 ot,aloahol and the total phosphat,

oontent in the aloohol aupernatant was ,det.ralMcl. Next proata1;4l



phoaphat..e ... added to 'the bag oonta1nins RRA plu ftl-aae,

and to. adxture ... inoubated tor another I bra.

iT

Phoaphate taken Phoaphate aplit ott by phosphatase ", P split
ott

.5 .. .115 a,g 67.0

•a IlS .Ias lIS 68.0
\

.5 lIS .225 JI& 48.0

.& JUt .US mg .7.0 -
AVBRAOB 5 •• se.O

S. ot the total phosphate ... aplit ott trolD the alcohol

soluble trao tIon, meaning that .. mixture ot mono- and pol)"

Ducleotide. waa pre.ent (or 1••• probab17 dinuoleotid••).

10 phoaphate 18 aplit orf by the phosphatase btom .the aloohol

1naoluble traction.

t t *. m TN' f!'¥~.~W1I1ii"··iIIiililT__"'lIIIlIiIn.··.;ill··.ra_iil;'

phoaphat..e ... added to 'the bag oonta1nlns RRA plua ftl-aae,

and to. adxture ... inoubated tor another I hr••

Phoaphate taken Phoaphate aplit ott by phosphatase ", P split
ott

.5 .. .115 a,g 67.0

•a as .Ias lIS 68.0
\

.5 lIS .225 lIS 48.0

.& -.at .US JIa .7.0 -
AVERAOB 5 •• N.O

S. ot the total phosphate ... aplit ott tl'OlD the aloohol

soluble rrao tlon, meaning that .. mixture of mono- and po17

Qucleotide. waa pre.ent (or 1••• probab17 dinuoleotid••).

10 phoaphate 18 split orf by the p.hollphat&ae btom .the aloohol

1naoluble traction.
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fable X

Original 0 0 n t r 0 1
per tDll1i:mo1er non"'dit-,Dlttual- Dlrrual-
oent per 100 fusible I ble Ale. ble Ale. Total

u NA . insoluble .oluble
M 1 1 --r m 0 1 e 8- I

!.I. 15.6 1.11 1.65 .348 .77 2.768

T.P. 8.35 .27& .335 .0845 .222 .641_

Hydr. P 5.05 .168 .2504 .0495 .083 .aS7

( Hydr'. P 59 2~ '15.7eJ, 58.5~ ~7.'" 60S

R1Oo'•• 19.8 .112 .Ie .0495 .081 .89

Purine 10.01 .143 .248 .052 .07:5 .173

Guanine .N 7.50 .101 .182 . .046 .040 .268

Adenine :N 2.51 •03S9 .06'1 .006 .033 .106

Guanine
9/1 2.71/1 7.211 1.73/1la.nine 2. ( 2.5/1

.PlI'lDll~ln. I 4.94 .!.!Q!4 .0234 .1474- .273

Cyt1c1Yllc If .064 .011 .085 .160

UrldYlio .039 .012 .062 .113

&flAd
• 1.65/1 .941/1 1.36/1 1.42/1r •

Purine,N
I~ 75.5~ 75.6~ 47~1.1:- 64.~ 60.5%

Purine
2.4:2/1 2.22/1pyrImIdine 1.016/1 •495/1 1.37/1 .

Paner.... ri~.onuclelc aoid, preparation 36-20, preclpi t&.ted w1 th
an equal volume of a mixture of 2 volumes acetone t 1 volum.
glaoial acetic acid 1" 2 volumes saline. (For nucleio aold ori
ginal analysis se. Table X). Splitting ot ribonuelease treated
"'ple after 24 hra. incubation was 35.6%
Spllttin& of ribonuolease oontrol sample arter 24 hra. inoubation
waa 32.5:1.
Att.I" '24 bra. ot dl~Y81. 51~ of T.P••a. dialyzed out 1n ribo
Duol. treated sample.
Atter 24 hra. or d1alys1. 4S~ ot T.P. was dialyzed out in oontrol.
Ib- r.sult. of ana1ysl.'are .hown on Table X, and XI.

---------- J

fable X

Original 0 0 n t r 0 1
per millmo1ar non"'dit-,Dlftual- Dlrrual-
oent per 100 fUSible, ble Ale. ble Ale. Total

u fA In~Qlubl. .oluble
M_1 1 i m 0 1 e •I

T.I. 15.6 1.11 1.65 .~,48 .77 2.768

T.P. 8.35 .27& .335 .0845 .222 .641_

Hydr. P 5.05 .168 .2M .0495 .083 .aS7

, Hydr'. P 59 2~ ·15.7~ 58.5~ ~7.'" 60S:

Itlbo·•• 19.8 .112 .Ie .0495 .081 .89

Purine 10.01 .143 .248 .052 .07:5 .373

Guanine N 7.50 .101 .182 . .046 .040 .268

Adenine I 2.51 .03S9 .06'1 .006 .033 .106

Guanlne
9/1 2.71/1 7.2/1 1.73/1 2.5/1la.nine 2. (

PlI'lDll~ln. I 4.94 .!.!Q!4 .0234 .1474- .273

Cytlc1Yllc If .064 .011 .085 .160

UrldYlio .039 .012 .062 .113

tiflAd
• 1.65/1 .941/1 1.36/1 1.42/1r •

Purlne,N
l~ 75.5~ 75.6~ 47~14.1:- 64.~ 60.5%

Purine
2.4:2/1 2.22/1pyrImIdlne 1.016/1 •495/1 1.37/1 .

Paner.... ri~.onuclelc aold, preparation 36-20, preclpl t&,ted w1 th
an equal volume of • mixture of 2 volumes aoetone t 1 volum.
glaoial acetic acid 1" 2 volumes saline. (For nucleio aoid ori
ginal analysis se. Table X). Splitting ot ribonuclease treated
"'ple after 24 hra. inoubation was 35.6%
SpllttiD& of ribonuolease oontrol sample arter 24 hra. inoubation
waa 32.5:1.
Att.I" '24 bra. ot dl~Y81. 51~ of T.P •••• dialyzed out 1n ribo
nuol. treated aample.
Atter 24 hra. or d1alysi. 4S~ ot T.P. was dialyzed out in oontrol.
tn- r.sult. of analysi.'are .hown on Table X, and XI.



:r_ole XI

An.~y.i8 of ribonuoleic acid 36-20, rlbonuol•••• treated.

" F i bonucJ..~~s e tr~ated

lon- Dlttus.lble Di.trualbl. Total
Dlttu- Alo.insol- Alo.soluble
alble ubI.

M 1 1 1 III 0 • s

'.1. 2.61 .72 1.16 4.71

~.P. .165 .156 .8.e 1.0&9

H:rdr. P .3~8 .0996 .111 .609

, BYdr. P 71.6~ 61.6" 33." 57.~

Ribose .403 .118 .12'7 .M8

Purine .SS2 .Olg .115 .&96
/'

Ouanine .&72 .075 .088 .S15

Adenine .010 .024 .048 .082

Guanine a.7/1 a.08/1 1.42/1 6.3/1
Ad.nIne ;f

pyrimidine .144 .0617 .24S .439

Oytldyll0
"''''.;-,

.0 .088 .166 .166

Urldylic .0'12 .02' .087 .183

OlIidfl1O 1/1 1.11/1 .le9/1 1.4/1
Ur . C

Purine X/T.II. 72.M 6e.a~ 4i.K
es___

Pur1ne/P1r1a• 2.65/1 1.92/1 .472/1 1.a"/1.

:labl. XI

An.~,..18 ot ribonuoleic acid ~6.20, rlbonuol.... treated.

" ·f ibonucJ..~~se treated
lon- Dlrrus.lble D1rrualble Total
Dltt\l- Alo.insol- Alo.soluble
alble ubI.

M 1 1 1 III 0 Ilo • s

'.1. 2.61 .72 1.16 4.71

f.P. .565 .1&6 .a.s 1.059

Hydr. P .3~a .0996 .111 .609

, BYdr. P 71.8' 61.e" 33.-K 67.~

Ribose .403 .118 .127 .64.8

Purine .$82 .099 .116 .696
/'

Ouanine .372 .075 .088 .S15

Adenine .010 .024 .048 .oaa

Guanine a.7/1 3.08/1 1.42/1 e.3/1
Ad.nIne

.1,

PyrimidIne .144 .0617 .243 ."19

O:rtldY110
--,.,." .0 .oas .166 .2&8

Urldyllc .0'12 .024 .087 •lea

OlIadfi1O 1/1 1.19/1 . le9/1 1.4/1
Ur . C

Purine Ilf.lI. 72." 58.ai 4B."
63__ 3

Purine/pJrla. a.65/1 1.92/1 .472/1 1.34/1.
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.fable XII

Orl{(!nal d 0 n t r 0 1
pelt mili.oler non~dlt- IDlttu8l- Dl!'fual-
cent per 100 fUllble ble Alo. bl. Alo. Total

.~ IA in,olubl. .'oluble
Ml 1 1 m 0 1 • •

'l' .. I. 16.11 1.18 2.5 .9 .865 4·.186

T.P. 8.11 .. .2'7& .54 .al .871 1.011

Byv. P 5.18 · .165 .168 .1" .062 .464

RIbo•• 25.S0 .•178 .•416 .153 .0785 .648

Purin.- 11. .157 .402 .134- .0317 .568

Guanine a.3 .118 .312 .11 .006 .428

Adenine 2.7 .0386 .090 .024 .026 .14

pyrlraldlne 4.96 .122 .169 .070 .219 .458

Ozt1dyl1c 3.02 .078 .103 .0499 .110 .264

'O'r1dY110 1.39 .0496 .068 .0201 .109 .194

PurIne ..IT. If .. 68~ 7.S 74.5~ 18.3~ 66.5'
,

, Hydr. P 60S ess 88.&~ 19.U 45.2~

~uanln. 3.06/1 3.47/1 4.6/1 .234/1 0.06/1
~a.nln.

glrAd
• 1.42/1 1.56/1 2.43/1 1.01/1 ~.a:8/1

r •

PurIne 1.29/1 2.38/1 1.91/1 .145/1 1.24/1
'Flmld. -
Panoreal ribonucleic acid, preparation 16-a., precipItated ..s 1n
36-20 (the analysis ot original .e. table XII). aetore incubation
IIA wal d1alyzed in oold 5% of~T.P. ~ialyzed out •. Splitting ot
ribonuclease treated s..ple atter 16 hra. of inoubation was 29.0~
Splitting ot ribonuolease oontrol aample atter S6 hra. ot inouba-
tion was 19.~. Arter 14 hr•• or dialy8i8 Arter incubation 4:9.5~
ot T.P. was d1a11.ed out in rlb()nuole..e treat. s ..ple.
Atter 24 hra. ot 41alys18 60.0~ ot T.P •.waa dialysed out 1n rIbo
nuole••• 't phosphat••• aampl••
Arter 24 hra. or dialY818 49.0~ or r.p. was d1alyzed out in ribo
nuol•••• oontrol.

The re.ulta are shown in Tabl•• XII and XIII

,fable XII

,

Orl{(lnal d 0 n t r 0 1
pelt mili.oler non~dlt- IDlttual- Di!'fual-
cent per 100 fUllble ble Alo. bl. Alo. Total.~ IA 1n,olubl• ,'oluble

M 1 1 1 m 0 1 • •
'l'.I. 16.11 1.18 2.5 .9 .865 4,.IS6

T.P. a.1I .2'7& .54 .al .871 1.011

Bye. p 5.18 · .165 .168 .1" .062 .46"

RIbo•• 25.S0 , .178 .416 .153 .0785 .648

PurIn.- 11. .157 .402 .134- .0317 .568

Guanine a.3 .118 .312 .11 .006 .428

Adenine 2.7 .0386 .090 .024 .026 .14

P:rrlraldlne 4.96 .122 .169 .070 .219 .458

Oztidyl1c 3.02 .078 .103 .0499 .110 .264

'O'r1d]"110 1.39 .0496 .068 .0201 .109 .194

Purine liT. If. 68~ 7.S 74.5' 18.3i 66.5'
,,Hydr. P 60S ess 88.5S 19.U 45.2S

Guan1ne 3.06/1 3.47/1 4.6/1 .234/1 ~.O6/1
Ia.nIne

glrAd
• 1.42/1 1.56/1 2.43/1 1.01/1 rJ. .Ie/l

r •

PurIne 1.29/1 2.38/1 1.91/1 .145/1 1.24/1
'Flmld. -
Panorea. ribonucleic acid, preparation 16-a., precipitated •• in
36-20 (the ana1y.ia ot or1g1nal .e. table XII). aetore incubation
IIA was dialyzed in oold 5% of~T.P. ~ialyzed out •. Splitting ot
ribonucleaa. treated s..ple after 16 hra. of inoubation was 29.0~
Splitting ot ribonuolease oontrol aample atter S6 hra. or inouba-
t10n was 19.~. Arter 14 hra. or dialys18 arter incubation 4:9.5~
ot T.P. was dialyzed out in rlb()nuole..e treat. a..pl••
Arter 24 hra. ot 41aly818 60.0~ ot T.P. ,was dialyzed out 1n r1bo-
nuole••• 't phosphat••• lample. I

Atter 24 hra. or dial,.8is 49.0~ or r.p. waa dialyzed out in ribo
nuol•••• oontrol.

The re.ulta are shown 1n Tabl•• XII and XIII



Table XIII

1

Rlboau,,,le••• trEated. 81bonueJ..ale •net Phol 1>hat••
non-dit- Dlttu.l- Dlrru.l- r;1on-dit ... dll"tu- .Dittu-
tu.ible ble Ale. bl. Ale. !otal rualbl. albl. aibl. Total·

lnaolublt .olubl. alo .1n- Alo.
1I01ub1a 8QbIhl..

M i 1 1 • 0 1 • • M 1. 1 1 m 0 1 • •!.JI. 1.68 .606 1.1& 4.616 I.ee .as il.M 1••87
.

T.P. .58 .lS6 .17 1.086 .M6 .la48 .461 1.148

HYdr. P .394 .09 .052 .536 .45 .116 .121 .888

Hibo•• .480 .111 .146 .737 .432 ' .119 .172 .72S

luPine I' .402 .091 .092 .687 .38 .085 .121 .688

Guan1ne .312 .071 .018 .397 .31'7 .068 .011 .400

Adenine .090 .020 .0'79 .189 .063 .01'7 .108 .188

Pyrimidine .156 .04S .&63 .461 .168 .0114 .241 .441

Oytidyllc ~O94 .027 .138 .259 .106 .021 .139 .865

Urics:,11 c .062 .015 .125 .202 .061 .012 .102 .177

Purine lilT. I 75.3_ 76.5~ 33.9' 63 •.5~ 66~ 77.2i 4~ 7.~

~ Byc!r. P 70.5~ 66.51 141 50.!~ 8a ••~ BS.lt 7~ 77.H

(Juanlne/Ad-t - 3.4'111 1.65/1 .li7/1 2.09/1 5.03/1 4.oe/l • 137A. a.lll:
'\J,

Czt1dl1·/11r14 1.52/1 1.89/1 1.111 1.29/1 1.67/1 1.711 1.36Ji 1.&/1

Pur1n./PYr1a. 2.58/1 2.22/1 .348/1 1'.2,'7/1 2.26/1 8.56/11.51/1 11.~3/1

Table XIII

1

RlboDUl)le••• treated KlbonueJ.•••• and Pholl>hat••
non-dlr- D1rru.I- Dlrru.l- ~on-d.1r.. ~lr. ... .Dittu-
tu.lble ble Ale. bl. Ale. !otal ~.lbl. .1bl. albl. Total·

lnaolublt .olubl. alo .1n- Alo.
*Olub1a 8QbIhl..

:M 1 1 1 • 0 1 • • M 1 1 1 m 0 1 • •!.II. 1.68 .606 1.36 4.616 I.ee .16 il.M 1•• ''7
.

'1'.P. .58 .lS6 .17 1.086 .M6 .1148 .461 1.141

HYdr. P .394 .09 .052 .536 .45 .116 .121 .888

Hibo•• .480 .111 .146 .737 .432 ' .119 .172 .'12S

PuP1ne I' .402 .091 .092 .687 .38 .085 .121 .688

Guanine .312 .071 .018 .397 .31'7 .068 .011 .400

Adenine .090 .020 .079 .189 .063 .01'7 .108 .188

pyrimidine .156 .042 .263 .461 .168 .Oal4 .241 •••1

Oytid:rlic ~O9. .027 .138 .259 .106 .021 .139 .865

tJ'rlc!:vli c .062 .015 .125 .202 .061 .012 .102 .177

Purine lilT. I 75.3_ 76.5~ 33.9' 63 •.5~ 66~ 77.2i 4~ 7.~

, Byc!r. P 70.5~ 66.51 14' 50.!~ 8a ••~ 86.1S 7~ 77.5i

(Juanlne/Ad-t - 3.4:'111 1.65/1 .167/1 2.09/1 5.03/1 4.0e/l •137A a.lll
\..T.

CztldIl./Ur141 1.52/1 1.89/1 1.111 1.29/1 1.67/1 1.711 1.36A 1.&/1

Purln./PYr1a. 2.58/1 2.22/1 .348/1 1'.2,'7/1 2.26/1 8.56/11.51/1 11.~8/1



·dialy.ed out of the aac in both control and HI-a.e treated

aample. and about twice aa muoh was found in the a190hol auper~

natant than in the aloohol preoipitate. The ratios Purine I/T.I",

Purine/pyrimidines and·hydrolya.ble p/T.P. ahow that the alcohol

8upernatant oontained twioe a8 much pyrimidine••a purine., while

the results obtained in the alcohol precipitate was the opposite.

On reviewing the results of these experiments one must bear in

mind the faotthat guanylic aoid is leea 8olubl. than adenylic

aoid in 75~ alcohol. There tore, the relative increaae ot

guanine in the alcohol precipitate (which .e believe consi8t.

mainly of a low polJDler traotion ot RNA), lIlay be due to the low

solubility of gum,-l!c aoid rather than to a 10•• of adenine

nucleotide from the nualeic aold. Adenylic, ur1dyll0 ~d

o7tidylic acids are soluble 1n a volum•• of alcohol. ihe ratio

of cytid7lic aoid to uridylic acid did not ahow any outstanding

change., but guanine to adenine ratio waa decrea.ed. in the

alcohol supernatant.

In order to compare the ribonuole.se .etlon on panore.s

ribonucleio acid and yeaat nuel_le aoi4, ,.eaat nucleio aold

wa. treated with the enzyme in the same way aa ribonucleic

ao14 1n the above experimente.

.
dialy.ed out of the aac in both control and HI-a.e treated

aamples and about twice aa muoh was found in the a190hol auper~

natant than in the aloohol preoipitate. The ratios Purine I/T.I",

Purine/pyrimidines and·hydrolyaable p/T.P. ahow that the alcohol

8upernatant cont.ined twioe a8 much pyrimidine••a purine., while

the results obtained in the alcohol precipitate was the opposite.

On reviewing the results of these experiments one must bear in

mind the faotthat guanylic aoid i8 leea 80luble than adenylic

aoid in 75~ alcohol. There tore, the relative increaae ot

guanine in the alcohol precipitate (which .e believe Gonsi8t.

maInly or a low polJDler traotion ot RNA), lIlay be due to the low

solubility of gU&n,-l!c aoid rather than to a loa. of adenine

nucleotide from the nualeic aold. Adenylic, urldyll0 ~d

o7tidylic acids are soluble In a volum•• or alcohol. ihe ratio

of cytid7l1c aoid to uridylic acld did not ahow any outstanding

change., but guanine to adenine ratio wa. decreaaed. in the

alcohol aupernatant.

In order to compare the ribonuolease .otlon on panoreas

ribonucleio aoid and ye•• t nucleie aoi4, ,.east nucleio aold.
wa. treated wIth the enzyme in the same way •• ribonucleic

.014 1n the above experimente.



-36-
(fable XIV)

Table XIY

1

1

1

Original G 0 n t r 0 1

per IMl1iDlolea non Dittua1- Diffu8ible TOTAL
·aent per 100 dlrfu- ble ale. Ale ••oluble

mg NA aib1e insoluble
.M. ~ 1 1 m 0 1 • •

T.N. 16.20 1.16 1.29 .58 .77 2.64

T.P. ~.82 .278 .46& .138 .208 .814

Hyclr. P 5.52 .178 .198 .093 .0108 .342

Ribo•• 27.85 .la5 .248 .109 .0915 .".9
Purine 11.7 ' .167 .194 .Og3 .02'2 .116

-'

Ouanine 6.24 .0892 .113 .068 .003 .174

Adenine 5.46 .078 - .081 .036 !_O262 .142-
PYrimidine 4.42 .115 .077 .273 .1634 .513

enid. 1.92 .0457 .026 .213 .063 .302.
UridYl. 1.93 .069 .049 .060 .1 .209

Purine 1/'1.5 7~
,

75.5~ 8~ 18.~ 6~'

~ Hydr. P. 6'~' 42.5' 67.4' 24.41 4a';

GuaninelAd.enine 1.14/1 1.39/1 1.68/1 .115/1 1.22/

Cytidyl./UridJ .67/1 .639/1 3.56/1 .0635/1 1.441
I

1.45/1 2.5a/l .341/1Purine/PYrlaid. .1'9/1 .616/

Yeast nucleio aoid preparation 33-11 was purified by Levenets
method and dialyzed(for analyei. s.e Table XIV), in oold for
24 hr••, 1~ of T.P. dialyzed out·, before inoubation.
Splitting ot ribonuolease treated sample after 24 hra. inouba
tion wa. 18.5~.
Splitting o~ ribonuclease oontrol aample after 24 hra. inouba
tion .a. traoes on
After 24 hra. dialysi8 49.~ was dialyzed out in the ribonuolea••
tr••ted lample.
After 24 hra. dialys!. O.O~ waa dialylled out 1n the oontrol.
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(fable XIV)

Table XIV

Original G 0 n t r 0 1

per ~111Dlolel
·aent per 100

mg NA

non Dittua1- Diffusible TOTAL
dlrfu- b1e ale. Ale.soluble
aib1e insoluble

.M 1 11m 0 1 • •

16.20 1.16 .58 .77

.....1'..;,•.;.P.::.. -f-~~._8_2_+_-.-2;...;7-8;;,.,.,..-~~. 4.;;.~Q....&;....·_...-..• ....;;;1_3..;;.8_--11--_....;:.;,.;;,;2,.;;,08..;;..__-+.......;;,.,;;8;..;;;1..."_

HYdr. P 5.52 .178 .198 .093 .0108

Ribo•• 27.85 .la5 .248 .109 .0915

Purine 11.7' .167 .194 .02'2
-'

Ouanine 6.24 .0892 .113 .058 .003 .174

.077.115

_A_d;.;;,e_n.;;;;,;ln_e ~-5-.4-.6-..-+-..........0....7....8__-+-..;..,.0......8_1__-i-'_.........03......__6_--I_!9:;.;a;;;;..;6;.,;,;2~._+-.;.:;;1;;..;4_a .....

.273 .1634 .513PYrimidine

enid. .0457 .026 .213 .063 .302

Uridyl. 1.93 .069 .049 .060 .1 .209

75.5~ 18.~

j

GuaninelAd.enine

CytidYl./UrldJ
1.14/1

.6711

42.5~

1.39/1

.639/1

67.4~

1.68/1

3.56/1

.115/1

.0635/1 1.44/1
I

Purin./P:vrlmid. 1.45/1 .1'9/1 .616/1

Yeast nucleio aoid preparation 33-11 was purified by Levenets
method and dialyzed(for analyeis s•• Tabl. XIV), in oold for
24 hra.' l~ of T.P. dialyzed out-, before inoubation.
Splitting of ribonuolease treated sample after 24 hra. inouba
tion wa. 18.5~.
Splitting o~ ribonuclease control aample after 24 hra. incuba
tion .a. traoes on
After 24 hra. dialysis 49.~ was dialyzed out in the ribonuolea••
treated lample.
After 24 hra. dialys!. O.O~ waa dialylled out 1n the oontrol.



the 4ialyaate traotion w.a ab.ent in the ye.at nuoleic acid

oontrol sample on incubation at 25° C, lndi eating that le.at

nueleic acid doe. not deoompo.e on inoubation without the,

enayme and (or) yeaat nuoleio aoid 1s much more aenaitlve to

ribonuclease treatment than panoreas ribonucleic acid.
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Diacue.ion

Pancreas ribonuoleic aoid waa found to be e.all)' deoompoaed

in aqueoUli .olution. on inoubation at 2SoC at ,pH 5.3. (acetate

butter).

Treatment with ribonucleaso did not reveal any additional

ohanges, except 1n the ,ad~nyllc acid oontent, (Table. X, XI, XII.

XIII), the loa. of which was greater in the ribonuolease treated

aamp4e (a•• Table XV).

!ne hydrolr81a ot RRA in aqueous aolution cannot be explain••

bJ the pre••nce ot .Kunita' enzyme, 81noe addition or copper lona

did not inb1blt the decomposition.

It 8,eema tha t w. are dealine; w1 ttl. 8i ther (a) a mixture ot •

labile and a resi8tant fraction of pancreas ribonucleic acId.

or ela. (b) the original RNA haa labile groupe and a resistant

re.idue. The labile group. are easil,. split otf on inoubation

in aqueous solution. and the .fraction wh.1oh remaina 80ema to

be re.i.tant to ribonucleaae.

'However, yeast ribonucleic acid, purified by precipitation

with 80% acetic aoid and dialyzed to get rid ot low polymer,

traotion, was reaistant to incubation in aqueous solution, i.e.

no splitting took'place, and .a. senaitive to ribonuclease.

The hydrolysis product. wore the same a.a in thepancre.a, RNA.

The ohallie. produced 1n pancreas RNA on incubation and tho••

caused by RN-a•• on ,.••at RNA consiat or the depolymerlzatlon

ot the nucleic aoid into amaller tractions whi~h dialy&8 out
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Table XV (35)
~

Distribution ot Nucleotide. after Dialysis or RiQonuclease-treated and Control Specimens
ot Pancreaa RNA, .i~ Molar Ratio of Nucleotido. in Eaoh Fraction.

Molar RatiosPercentage Distribution
Data
trom Ade- Gua- Cyto-
Table No. nIne nine aine Uracil

Control-Dirt :Alc~&Ql~ 10 !I:I' I!:- 58.1 54.a
" n inaol. 10 5.7 17.2 6.9 10.6

~.-........-. ..-. ~

Total HYdrol P Ade-•p TP nine
- 1'.4 -r-

68.5 1

Guan- Cyto
In. 81ne1.a J:6
7.7 1.8

Uracil

1~;9

2.0

3.8
1.7
2.6
0.60
1.9

2.4
6.1
4.5
0.32
1.0'

0.11
1.7
1
1.4
4.3

1 2.2 2.5 l.t
1 2.7 1 0.6.
1.0 1 •• 3.3 1.8
1.0 3.1 1.2 1.0
1 2.0 2.6 1.5
0.14 5.2 1.0 1.0

1 0.23 4.2 4.2
1, 4.6 2.1 0.8
1 2.3 3.2 2.6
1 3.5 1.1 0.1
1 3.1 1.9 1.3
., 0.15 1.8 1.6..
1 3.7 1.4 0.8
1 0.9 1.7 1.4
1 3.5 1.0 0.7
1 2.1 1." 1.1

1 0.14 1.3 ·0.9
1 4.0 1.2 0.7
1 0.7 1.1 0.9
1 5.0 . 1.1 1.0

1
1
1
1
3.1

71.6

19.2
68.5

68.1

75.7

33.8
61.6

41.8 3.0 53.2 61.9 14.
10.6 18.4 10.4 7.4 65.5
52.4 21.4 63.6 69.3 49.5
47.6 78.6 36.4 30.7 '70.5

5'7.4 3.8 52.4 57.6 70.
9.1 17.0 7.8 6.8 86.1

66.5 20.8 60.3 M ..4 60.0
33.5 79.2 39.7 35.6 82.4

18.3 1~7 20.8 47.7 24.4
~.6 33.3 70.5 28.7 67.4
42.9 35.0-91.3 . 76.4 49.0
57.1 65.0 8.7 23.6 42.5

36.8 32.2 60.0 65.4 42.
~ 67.8 40.0 34.6

58.5 13.2 60.8 47.5
29.3 14.6 11.0 13.1
87.8 27.8 71.8 &0.6 51
12.2 72.2 28.2 39.4

18.6 1.4 41.8 56.0·
17.2 25.6 19.0 10.S
35.8 27.0 60.8 66.3 49
64.2 73.0 39.2 33.7

14

Diffusible Total 10
lon-dlttusible 10

aN-as. Ditt.Ale.Sol. 13
.. • Insol. 13
" Total 13

lon-ditfusible 13

Control Dirt.Ale.aol. 12
.. n insole 12

Dirt. Total 12
Non-dlffu81ble 12

Sum

H.-•.• Dirt.Ale.sol. 11
• n 10801. 11
.. total 11

Bon-difruaible 11

Blaa. • Proatate·'Baae 13
.Diffusible-Ale.Soi.

" . • Insol.
Total Dlttuaible
Won Diffusible

T.ut RIA 1." RH-a.8
. DiffusIble-Ale.Sol.

ft Alc.lnaol.
Total DIffusible
,Bon-Dittua1ble
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-40-

throU&h oellophane membrane (about SO~ ot the nucleic acid. taken)

the c1ia.l,.aate containins 1/3 of the original purine and 8/3 ot the

pyrimidine nucleotide.. a6.3~ - 51" ot the diffuaible traotion

was preoipitable with 3·volume. of ethyl alcohol, but no phoaphate

could be aplit otf b7 proatatic phosphat••• , indioating that thi.

traotion Must b. a relativel7 high pol,.er, but ..all enough to

dlffu•• through cellophane membrane •

. ~e aloohol soluble fraotion when treated with the phosphata••,

-liberated &6_ of the phoaphoric aoid groups. It ~lis traction .ere

a mixture ot tetra- and mononuoleotide. we could oonclude that

about 60~ or it consiats of mononuoleotide••.Thi. oonfirms tn.
Iwork ot Lorin& and Carpenter (41) who .ere able to _olate the

mononuoleotidea, 'but did not report .-pert an,. quantitative data.
-

During the decompoaition or the RHA pyrImidine nuoleotides

are split ott to a greater extent than purine nucleotid•• , increaa

ing 1n the aloohol soluble traotion. This 1. revealed by' the

ratios ot Purine N
Total N .i'

eaoh ot
eaea--e'

ahow. that ribonuclease doe. not.'

ratio in the alcohol auperna t&.."1t mliht be due

wh10h 1s at tho minimum value in the aloohol aupernatant.

the ratio of 01tldiliC aoid
urldy Ie aold

specifioally aplit off only one of the p;,rimidine nuoleotide•• !he

deere... in iuanlne
aaenine

to tn. low solubility ot guanylic aci4 1n &10&101, but not to

the lncrea.ed 1iberation of adenine nuoleo tid•• '

The non-diffu8ible traotion differ. troa-the origLnal nuoleic

acid in being a amaller polymer, no lonae.. precipitable by 6~ ,:.:;#~

acetie acId.

,. ,;0,
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!he action or rlbonuol•••••a. tounc1 to involve l:toth the

"epolJmer1aatlon ot nuolelc acio into -.aller traotlO1'18 non

dl:tru,lble and dlttualble through oellopMDe __bran. arid in

tn. l1beration ot tree mononuoleotide., prererentially but not

apeoltloal17 pyrimidine nuoleotide••

The liberation or m.ononuoleotide.suggeats that .1 thor bo'h

purine and pJr1mldtne nuoleotld•• (the latter to a greater extent)

torm the 8id.. chain. 1n the nucleio acid molecule, or .1.8 that

they are aplltott from tn. d.pol~8rl.atlonproducts, Without
. ,

being neo•••ar11J tn. aide chain. in the or161nal moleoul••

1
i
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l\I!Ian and CODolua1ona

1. Methode were developed rorl

a) the ••paration or tree purines and pyrimidine

· nuoleotide••

. b) the direot deter.mlnatlon ot oytidylI0 and uridyll0

aoida.

2. Panoreas ribonuoleio acid was found to b.·very sensItive

to aqueous hydro.1."818 at 150 e •• oompared with ,.e.at

nuoleic acid, the residue be1.ng re8Istant to further

h7drolysls by ribonuelease.

3. Rlbonuoleue renders the nucleio aold soluble in glacial

acetl0, indIcating tne depolymoria.tlon ot nucleic acid.

4. The d.polymerized nucleic acld conslsts· ot 2 traatlon.:

a) non-dl.f.fual bl. and

b) "diffusible thro~h oellophane membrane, and

preoipitable with 3 volume. or aloohol.

S. Ribonuclease alao liberates tree mononucleat14•• ,

diffusible through cellophane n:aemwanlt, and non-precipItable. .

with ~ volumes of aloOhol, wltn tn. exooptlon at guanylic

aoid whloh does preoipitate.

S. All toW" mononuoleotidoa 81" found to b. liberated. from

the Ducletc acld, the amount of pyrimidine exoeeding that,

or the p~ln. nucleot1d•••

1
1

1

j
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E. Kerr, Prot••aor ot Biochemiatry, tor
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augg••ting this 'problem and tor many valuable
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