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1ft T ROD U C T 1 0 »

It 1. t.he a1rl ot bloch••loal rea.roh to oorr.late

,be cbft10al proper\1.•• or natural .ubsuno•• wit.h t.tutlr

••'\aboll0 .et,lv1tr in \11. 11.Ylng orsaD1...or par'loulal'

11lt.e,.••t 1. the et:u41 ot the prOl"ttttl•• arul tUllOt1oa of

lluo1elc aol48 111 tne .ell, and th1. was ...4. po••1b1. alter

\1Ut 4•••1o,.ent ot .ore aocura:t.eana17tloal aloro ••tb04.a

aaore whloh 18 the ••t1_tlonof the ln41y14ual _.pOD.en'.

ot 4e80X1rlbo- aw1 rlbo- Ducl.l0 ac14. ermA and lUUlo. ) •••p.

.81&111 tn. P7r1ml41,u•••

AOoor41ns to the e;eneral11 aoo.pte4Bolyln-V.D4r1t11

t~n41n6.t,he aYerage oontent or DBA pernuoleua 1n 101Ut,10

oell. or al1Te11 .peel•• ADd U114er normal coD41tlonl 1.

oonat.ant. (1). It ••••• that UlJ/1a the l ...t Tar1ableoell

,on.,1\uea\. An lIIportant app110.t1oft or th18 tact 1. "'he

ua. or DBAft.luelS ..a :retereno. vben t.be oonoentrat1on ot

ot.her oell eOllponent.. 1. 1t.u41ed..

Cons14erabl. leolated data bave btI.a reported on

t,h.. nuole1c &014 oontent ottl••wt. \II14er varlou.. o1rcua•

• tan•••• The 1J.lfAn
1 1. not changed in adult ra\. ted pro

wln-tr.. 41et.. or f ••tinS. wh11. RIAe and the RIA I DNA

1. Theaubaorlpt n w111 be u••d to denote mlA
or RIA .,.al~ per Duo1.UI. 8\lbaorlpt c. ~be

value per .ell. an4 lub.oript !. t'henlue
ptE MUgt 1,1".,
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ratio deere..... (2-1). 'In. DIAn lllOr....., bowever, in

1o\1b8 ,.'e or at. l ...t ,1n tho•• expo••dt,o prolons.4 ta.t..

1ns or protein deprlyatlon (6). In PNJ$D&DC1 MAc lno"•••••

u.pto tn. t,b.1r4 we.Ie (8). III reS_Den,tlq 11.el" bo\b, nKAa

aua 1l1Ae, or MAS lnore.... (4.9.10). APpare"t17 in tbe 1'-

seBeratine l1ver of rate MAS 1. tUSher 1n all1_1,. on •

protein-tr•• 41.t 'baDln t.ho•• on a b1Sh prote1n 41et (11).

The IUlClel0 ao14 content. otob,lok bAtart. flbro'bla., Ow:tit,&r•••

srowlng 1n tu~•• hit. been atu41.4 at varlo\d ti_ 1a\ervala

(12.1,). Wlth apparent. 81p. ot srowtn. RIA per tube 1na

rea••a and 1. followed by a 1'1•• 1n DNA. In neoplaaUo '1a

a\lft DHAo an4 !tRAct arer.ported to lnorea•• (14.17). Atwr

pl.1ooarp1n.. a41ll1n1atrat1on ( which .tlau.1awl ..oretlon ).

habll10Y1t,cb aDd. hi. 0011"6". (18) toun4 no atati1tlcal11

11gnltlcant 'far1e.t.lon in nNAg aD4 DRAg ( alao 1n the RNA •

01. rat.l0 ) In IIOWI. panore•• ,wh11e other worker. (19) found

an· lnere••• in both. R1fAa and DNAB or 40S·. pallOr••• thr••

to tour hourI arter ••oret1n a4laln1atrat.1on. David.on tound

110 slgn1fIcant Change in RICAn and DHAn ••••11 aa 1n t.he

RIA J I.lJiA rat-i. in alloxan Ai.be,... (4) ,an4 an lnor.... in

••l~ nwaber and RRAc ..,l\ho\1t alteration ot DliAc attAr 111

8ulln tire..talent, (20,2' ). l't 11 reportled. tbat IlIAg and. DR"'n.

~belatt.r 4e\el'lllnea b7 the r.u1seu re.c\1oa, lnarea•• atter
-:~

alloxan a4mlnl.\rat.lon (21), aDd "bat"!.. due \0 all.un

Rlt II and not, to d1abet.ea (22). be••,.. panare.,.ot.OIt1ae4

401abe\10 rat,a 414 not baTe hlpr DlJ~n values. Tb.e a\lth.ora

also 8\.1Q5•• t. an lnor.... 1n l'1uolear R.RA beoauae d1ttereno••



in t,o'al nueletc acld or nucle1 ( as ••••ured by abaorption

apectrophotometr, ) could not be acoounted ~or b1 dlfteren

c.a in DNA alone. However, thll 18 not luttlclentlJ direet.

."'148ft•• , and \be1rultra,,,101et abeorptlon ••alur•••nta 11&7

bave b••nafteot.ed by the pre••noe or protelne.1 wella.

'01 phy.leal chang•• in the Ducleic aalda.

There 18 a tendency to descr1be DNA a8 "specl••

speclf1c" because 1ta compoli t10D 18 to'und to be identical

1n 41fterent organs or the lame epeeles, 8howing 8ometlm••

variat10n ln two d1fterent .peol•• (24,25).

Whether RIA 1- epeele. spec1fl0 or ors-n speo1fic

18 dift1cult to JU4'8 trom the publlab.ed anal'.... The

rindings of .everal authors anow that RIA isolated trom the

l1vera of difterent epeel•• d1tter. IO••what in compos1tion

(26,28), alia that RIA 1.olated trom various organs ot the

same a11111lal var1el in aoaposl t10n (27). However, divergent

value. are report-ed b1 d1fterent 1nvest1gators (27,29,'0)

tor the FalA obta1ned trom the aame louree, and. the varia..

tlona one can find 1n the compos1t1on ot RIA obta1ned

troll the aame organ, ot the aame epeol.. are a. great a8

tho•• in RNA co.posit1on trom the same organ ot d1rterent

specl•• ; thu. we cannot. oonclude trom the data 10 tar pub

111hed Whether RIA 18 organ Ipeoif1c or Ipecle. spec1f1c.

Th. on11 lY'lklng 41.tt.renee 80 tar repor\ed 18 that found

in huaan 11ver RIA, which hal .. higher content or e;uanyl

10 and cytld111c aclda than the liver RIA ot other
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.peel•• (26,l08).

The lack ot agreement in publish.ed. data perta1nln!

to nucleic acid compoa1t1on could, in part, be explained

b1 the tact. that 1n the 8xperl••nte reported above, a8 well

as In ot.her 1nltano•• (31-"), t.he nuclel0 a01da bay. b.en

1101at84 tro. the t1••ue before analyst. w1 tb. poealbly In

oOllplete I'.cove".. and. ellZ1•• tlc degradation. In tact.. 1t

nas b.en shown that the Jlolec\llar we1ght or the 1solated

rlbonucle1caclds and the ratIo or the tour baaes depend

upon tne method. of lsolat1on (34,'5) and purl.tloat1oD (30).

The question 18 whe\h.er the i.olated preparat..lo'D can at.l11

be regarded as repr•••ntat1Ye or the atat. in which It

occure4 in the liv1ng cell. There are a rev instance. (36.

41,111) "here ribonuoleot1de. were deteralned wltilout prIor

lsols.t1on of RNA fro. the t11sue J but no study va. un4er

taken, USing .uch. •• thode, on the RJlA C01Ipo&ltlon UDder

epeclal phyal01ogloe.l condl tiona. li'urther, the vallet1 t1 or
the ••tbod. uaed b1 the•• worter8(36.41) baa been ob.allen

6.4 (lO',p.5). the .8th-odor 01.8".4 and V111e. (111) •••••

t,o be very .la11ar to ours; however, t.heir r ••ulta <,mllnt

not be quanti tat1". due to loa••• of' ribonucleotide. tro.

enz1mat1c and acid degradation dur1nsthe preparatIon or

the t1••ue beeau•• there vaa no ment10n that It was done

1n the cold. Also, wh1le deprotelnlz1n.g with :Jevag', re

agent loa•••••, have occured by adsorption on the protein

gel.
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Studles on neoplastic tlssue ( trom which DNA and

RDA were lso1ated prior to anallsis ) reYealed no change in

DNA composition (24,42,4}), while ln RIA. sOlle increase .s

reported 1n cltldyllc and possibll tn guanylic acld, aa

compared with aden111c acld (26,21). It wal found that

durlng growth and maturlty RIA composition remainl constant

1n the mltocnon.4rial and alcrolosal fractlons (28,111).

Data on turnover rate. of nucleic acids rev...l that

under certain conditions there ls a quantitative change in

Ducleic acld .etabolla.,. It bas been tound that labeled

formlc aold and adenine are inoorporated at d1rt.Dent rate.

in the nucleic acids or var10us organs (44,51). In regener

ating tissue and in growth the turnover rate. 01' RNA and

DNA,. as determined by the incorporation of phosphorus p}2

or 115• labeled glycine, are increased (45-47). ~he turnover

ie alao Increa.ed in pancreas stimulated to ••cretion by

.ecretin (49) and in tUllors/where it was tound to be inter

med1ate between that of regenerat1t16 anei restlng ti.sue (50,

46). In the recent work of Munro and hia group (52,53), 1t

1s observed that on a high protein diet vhenthe ener61

level of tood in terms of tat and carboh,drate i8 raised 2,

t.he oontent of' RNA 1s increased w1thout an increa.e 1n f32

2. liote
I-A
I-B
II-A
II-:!

that there are tour group. of animalsl
: high prote1n, low calor1. intake
;.. ", high It ..

1 low prot.1n, low It ..

;.. .., hlgh" ..
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lnoorpora t.Ion; on. low prote1n dlet.. when the en.efQ 1ntake

18 ral••a., t.otal RIA 11 alightly Changea.. while ,'2 1ncor

poration 11 ttrellendoualy 1nor...ae4. Th1. baa aleo been

obe.n-ed b;yDavldaol'1 (20) who not•• (48 t p.112) a quant

1tat1ye m$t.abolic relat.Ionshlp between lUiA and enerQ' .et.

aboll...

It 18 obv1ous trom tne prev10us diaous.loa that

te,., st.udI•• ba.... been _de on the 001lpol1tlon of t.Ilsue

RIA \1l'1481" ....uicUI phlll01og1cal cond1tlonl, and each ot

the•• atudle••uttera trom a ra410&,1 cletect, thI1 be1ng

either tne prior and lnc_plete 1s01at10n ot nucleio acld

with probable enzymat10 deco-posIt1on, or lnaccuracy ot

tbe .etitlod. Henoe.e baye undertaken suoh .. atudy uI1ng

anal,tl".l ••tbod. (10') whlch do not requ1re the prior

1801&t10n or RNA trom the tiaaue. We 11m1ted our.elv••

to a oomPar18on or 11ver RJlA 11'1 n.ormal an4 41a~t.10 rats

wlth the intention of continu1ng tne next part ot the exp

erl••nt ( 1••• tbe ettect or insulln tre.taent ) ln the

In dl.abet•• tb.e altuation 1. amb1suoIJ.s; 1t S•••I.
th18 1- a seneralized d1•••I. and that inlulin 18 relat.ed

not. on11 to earbohydrate, but 1.180 to tat,proteln, and

pbosphorua aetabolla. (54-56). we thoU(!ht ot atud11ng

diabetes becaul. or the relationsbip ot 1nlulln to protein

metaboll••, wh10h 1n turn I •••• to be related to tne nu

clelc ac14. a8 Ihow by the above discu••lon on t.h.



turnover rates of nucleic aolds anl1 oy other evldence (57

60). In d1abete. there is a decrea•• ln the 1noorporation

of 014 amlno aolda 1nto glutathione, tbi. being re.tored

to normal only atter a4dItion of gluco.e and lnsulin (ol).

Insulin decre.s.. the level of amino aoida ln blood ln

proportion to thelr a_ount 1n body proteln and akeletal

muscle (62). Insulin ra1••8 t~. Inoorporation of a3S meth

lonine into muacle proteln ln dlabet1c an~l. (6'). It

also deore.a.a blood and plasma levela as well &8 urlnary

8xo1'etl,m of .acorbic acld (64). The latter, theretore ,

goe. to extrava.cular tiasue. , and lt i8 known that l' i.

eoneerned with the depoaltlon of the Intercellular "cement"

and collagen ( glyooprote1tlS ) and w1 th dehydrogena tlon

( for example tne converslon of follc acld into the c1tro-
11.vorum tac.tor whlch. 18 e.8eDtl8.1 1n the bloaY'l\thea18 ot

nl1Olei0 acld ) (65). A relat10nshlp between inaulin and

purine Iletabollam vaa found long ago (66). In a 'breed of'

the Dalmatian d08, whioh exorete. both allantoln and ur1c

aoid ln .e.aurable quanti tie., lnaulin lnore....s the blood

urlc acid,bu.t. on11 lt there il hypoglycemla; ur10 acld 1n

urine i8 increaaed while allantoln 1. not Changed. This

11 the type of evidence Which suggests a. posslble oorrela

tion between the aotlon of inaulln and the metabol18m of

prote1n and pos.ibly the nucleio aolda aa well.

Although the main obJectlve of thia study 1. RHA.

oompoaition , we determined also the content of prote1n
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( tho•• nlu•• are laoking in Dav1d.on'. report (4) )

and DNA, tb. latur .erving aa reterenoe lna••v.ob. &1 it-a

cont.ent Pftr oell remalna constant.

W. belleve the r ••ulta ahQuld be 81gnlt1can\ fro.

two po1nt.. ot ...lew;

1) They w111 abow whet-her or not ohanges in RKA

o01lpoa1 t10n maY' occur UDder the ap••lt184 cond1t-lona.

2) El'en it 110 ObaUg8 1, ob••rYed the re.ults w111

be valuable in re.eallna the oc.poll\lon or the "native"

RNA or rat liver.



MATERIALS AND METHODS

I. AA1lM:J.1.

Four sroup' of fe.le alb1no rata, of about the

.ame ag_ and we1ght, vere used:

Group I.
2:
3=
4:

noraal untreated.
d1abet18, untreated.
normal, Inaulln treated'.
dlabetlc, Insulin treated.

D1abetes vaa 1nduoed by alloxan whioh has been w1de

ly used and ,hawn to Dave a .eleotlve necro.lng actlon on

the 111eta of Langerhana (67,68). It'probably combln••

with th. aultb1dry1 groups or proteinl, lnactlvating ••••n

tla1 enzy.e, (69-12). The blood .ugar ourve after alloxan

shoWI fir,t a 't:wperglyoemlc phase, then a translent hypo

glycemla followed by per.lltent hyperglyoemla (13-11) .

Some (78) have noted even a tatraphaslc sugar ourve wlth

an inltlal short hypoglycemla. Many factors 1nfluence the

respon•• to alloxan (79-82), and the development of dlabe

tes 1n th11 way Is rather a tedious Job. The .ulceptlb11lty

ot an1mals and thelr mortallty rate are tound to vary tr8

.endoully trom one experlmentto the other.

In our experl.entl alloxan va. admInlstered as the

hydrated torm, the do...ge belng 175 IIg per kl10 of body

3. In groups ,. and 4. 11ver tol.aue has not
yet been prepared and analy••d. The
dlscuaa10n and results of the study of
the firat two sroupa only will be pre
.ented here.
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we1ght, aft.er a ta.t of 48 t.o 60 hour., a••uggeat.ed. by

Kaa. and V.l.bren (B3). It wa. injected hypodermical11
f\

as a 2 percent aqu.eoua aolu.tton. Wnen 1tJected intraperi-

toneally alloxan doe. not aee. to be diabetogenic (84).

The cont.rol an1u18 ( except 111-1, 111-2, and III·' )

were injected with water. All rata were then given water

ad libitum and ted a atock diet4 composed of the following:

Panboiled wheat (burghul)
YellOW corn .eal
Skim milk powder
Caa.in
Cod liver 011
Sodium chlor1de
Yeaat

35 parta
35
15
10

2
1
2

Only th.oae rate anowing characterietic aigna of

diabetes OYer a period ot at leaet two week., with blood

augar above 250 me; per 100 co, were u.••d.

II. Prepp,rat1on or T*a.ue.

The rat. were aneathetized by intraperitoneal in

Jeotion or 70 ag or a1l1\&1 per kilo or body weight. The

abdomen was opened and the liver perrUled c&retully with

oold 0.14:M aaline arter l1gatins the inrerior vena oava

above the renal vein, cutting the por.tal vein and canula

tine; the interior vena cava above the liver. The liver

wa. then removed, freed trom connective t1a.ue, cut into

4. The .tock dtet compos1t1on wa. augge.ted
by Dr. W. Adolph, prote••or or nutrition
in the Depart.ent or Blochemistry.
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ple••• J blotted wl th tilter paper an~, v·eigned-.

For the preparat.1on otftdry tls.u." (aold-'W.ah.ed,

11pld-f'r•• ), a modified Sohllld.tand 1'hanDhau••r procedure

w•• applied (85). The "ett.l••we vaa frozen 1n 80114 oar

bon d1ox1de-ether mixture and ground 1n a l1ort.ar'Wlth 8011d

CO2 • It waat.ranatered to a centrifuge tube couta1ning

8 percent t.rlchloroacet10 ac14 (TCA) in an 10e ba\h. It

w•• stirred tox'*about20 Ul1nute., t.hen cent.rituged. The

residue va...ahed 4 t1me8 with cold 2peroent TeA in order

\0 remove the acid-soluble nucleot14e., then :3 t1Ja•• wlth

95 percent. alcohol, orunt.l1 t.b.. sup.rna tie no lODger con

ta1ned the brown (hea1n '1) p1p.nt-a, ,t11l•• w1 ttl hot. a1

oonal-ether mixture ( ,,1 ) to .,e1l0vo l1p1de, and f1nal1,

\wl,oe vi til ether. It val lett. t.o dry in a1r, v.lgned and

bottled. The r ••ulte. or tole preparation are 81ven in

Table I ..

III. Rtt'Dl6Da t.'9D 2tZ.EPHlpl.

The alkall-solution or the dry tl••ue ...pl. (pre.

pare. as d••or1be4 in ••ctlon IV, below) va. a,.",ed tor

\ot&l ,pro\eln. by t.h.bluret reaotion (86,87). atandard-.
1hd 'by t.he mloro-KJeldabl procedure (88.89). The call-

bratlon ourv8u••d tor oalculat,lon 1ag1ven in '1sure 1.

It was found thatnuole10 aolda do not lntertere

with the 'blure\ reao\lon .lnc. \he a4d1tlon or ribonucleo

tide. t.o a protein .olut1on d1d not alter the color luten.1tt,.



TABLE I

Record of Liver Samples

Init1al lit. when Wt. ot Liver Liver
Rats wel.ght sacrifloed tr••h lample lample

liver wet wt. dry wt.

Karma1

1-7 170 gr 155 gr 6.05 gr 5.'5 gr 0.903 gr

1-8 240 250 9.25 9.05 1.468

1-9 200 200 8.0 7.9 1.250

111-1 - 270 11.0 10.5 0.959

111-2 - 240 6.0 5.8 1.4,o

111-3 - 230 8.0 7.7 1.428

D1abetic

11-6 175 125 6.0 5.8 1.141

11-8 145 105 6.2 6.0 1.091

II.' 180 140, 5.78 5.58 1.048-

11-5 170 110 3.9 '.8 0.819*

11-10 155 110 5.28 5.08 1.103*

IV-2 • 115 123 6.4- 6.1 1.463

IV...5 .. 135 152 5.4 5.' 1.098

IV-8 .. 145 140 5.7 . 5.4- ~.170

(*) The.e three ...plea ~.r••1xed for analysis.

(+) The•• rats were given insulin tor a rev days,
and then allowed to develop tlle obarac~.r18tl0
8ymptoma or dlab.t•••
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IV. Separat10n of RNA frol DNA.

It 18 known that RB'A 18 hydrolyzed in alka11 quant-

itatively to mononu.cleotldes aoluble in d1.1ute acid, wh1le

D~A 1s r ••latant to alkalIne hydrolyala and may be repre

cIpltated by mineral ac1ds (26,41,85,90-96).

It 11 a180 knQwu tt~t DNA 1s completely extractable

from the prote1n precipitate W1t*ot aaida "7,98). On

the•• two facta 18 based theraethod used ror ttl••eparation

of RNA trom DNA.

The conoentrat1on of alkali used, as well a8the

temperature and the time of' hydrolys18 of RNA vary w1th

difterent authors. The u•• of the followlng has been re-

port,ed:

1 N laOR or KOM at 37°C tor 15-24 hours (85,92,99).

0.5 .N n tt 20-37° tt 18 .. (27 ,95) •

0.3 N .. " 37° .. 18 " (40,41,28) .
0.1 N •• .- 1000

M 150 minutes (lOO) 41

Hydrol181a by ammon1a solut1on 1n the autoclave (92),

or at 45° tor 8 daye (95) have been recommended; also the

ule or bar1ua hydrox,1de and bar1um carbonate (93,lOl) •.
It haa be.(\ reported (102) tha t B NaOH or KOH at

37°0 causeR part,lal deamlnatlon of cyt1dyll0 acld. Kha11d.1

(103,p.10) used a m1xture oontain1ng 0.5 N KOH and B NH40H

1n order to prevent de.alnatlon. However, later experiments

which we performed together '11th Khalld1 did not oonf1rm

thla ettect or am.on1a on deamlnatlon, a8 Ihown ln the



TABLE II

The ne...1nat,lon or CJ't,lql1e Acld bl Alkali,
Experimental Scheme.

S&aple of
!abe CIt.. acid Alkall a4de4

0.211' •

0.026li II0.5 li "

1.0 11 RaOn

0.5 I ••08

0.5 N laOS; 1 I IB~OB

0.5 H" 0.5 I •

~hml 1 Ii "

2 m1 0.1 H Q

" III of 2 • BaOB

• ..le~ 1 • laOK

2 .~ of 2 I' l'a01l a.1 of ..., ••"OB

2"ml 2 II u3. al 2 » It

"2.111 2- N It

2 ml 2 » If

1 " 111

a 4 111

a •m1

" .. 1&1

5 -& rA1

6 4 ml
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following atudy.

The baaia or thia experi.ent vaa the oaloulatlon
of the amount of deaminated 01tld1llc acld by me.aure.ent
of the rls. 1n ultraviolet absorption at 260 .~. or the
decreaae at 280 •• after incubation withvarioaa alkali
m.ixtures, beoaus. when oJtidylic acld 18 d.eaminated, It
glve. ri.e to urldYllc acld whloh absorbs aore at 260 ~
and much lea8 at 280 1l}1. For this purpo.e • aelutlon ot
c7t l41ll0 aoid in N H2S04 vas heated for one hour (to
give an equilibrlum mixture of the "a" and "b" iao.era).
and th.en neutrallzed. Allquot. were plpette4, Into tube.
e,s shown in Table II.

Blank. In order to obta.in signlfioant .e.aurable
c~ngel in the optical denslty readings a concentrated,
solution of cytidyl1c acid was used. and, as blank, a
solutlon ot high abaorptlon at the wavelengths speoltied.

Immediately atter the addltion of alkall, betore
any deaminatlon could take plaoe, 3 m1 of each. mlxture
were plpetted Into a .econd .et of tubes, and the.e were
aoldlfied at once wlth Hel to prevent de.m1,natlon and
plaoed 1n 10e. The alka11ne solutlons rema1n1ng 1n the
tirst set of tubes were incubated overnlght at 37°0. Then
another , ml aliquot from eaoh va8 p1petted Into a th1rd
.et of tubes latter d.amination~ and 5 m1 of HOl were ad~
<1ed. Arter proper dilut10n the optical denaltie. of all
solutions, before and atter deam1natlon, were then read
at 260 ~ and 280~. The re8ults obtained were inexpll
oable.

Henoe we omitted the uae of NHJ+,0H and chose to

hydrolyze RNA with 0.5 N KOH at 23°0 for 18 houra, un

der wh10h oonditions deam1nation 18 mln1mal. Another

reason tor using 0.5 N alkali is that 1t mlnimlzea Duel.e-.
slde formation.

DBA and protelns were preclpltate4 trom the al

kallne hydrolysate with perohlorl0 &014 (peA) in the oold

at a final ooncentratlon of 0.33 N whloh vaa reported to

be the best (104). Khalld1 (103,p.lO) state. that "the

pH of precipitatlon should approach 0.7, the low.at pK
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tor the tour DUO 1eot..14••~. beoau.. 1t t.he pH 11 htpr \he

proteins will beco•• pOlltl"'.ly onarS84 and tbe nucleot1de.

negatively oharsed, the latter w111 t.heretore be a480rbe4

'by tt~e prot.4t1n preolp1tat.~. bpertmentl performed later fA)

olar1ty tni. point. pro"e4 t.hat t.here 11 no &410rp\1on .~ to

pH 2.1. Thul 1t, _,. be t.ba t, the adlorption pre410 ted on

a theoret1cal baala, (loe.not aotuall,. oocur \.IDle.a tbe pH

us"d 1s qu1 te h.1gh ( 1... b16Mr than , ) 1n orchl" to 81"'.

the nucleotide. a a\rODS _ptl",e oharp.

The exper1.ent. oonalated In .1xlDI lUlA alkall..
b1drol)'aates w1th .. solu.tIon of l1pld... tree. &014.abed
plalma prote1n,g at 41rterent PCA oonoentrat1on., the per
chlor. te ion oonoentl"atl<m be1ft8 kept o••tant by the
proper add1 tlon of ...C10.. Arter cent.r1tupt,lon ttl. opt
10al. denalt.lea Cit. 260 .)1 ot the lupernatant solutlon. were
measured and correoted tor prot,elna by II_ana of • ftprotelD
blsnk". Tha r1bor1uoleot.lde reoover1 In .aohoa•• _a t.hen
oomputod by ret.renee to a standard composed or HBp, alone,
treated in the same w~y. Tb~ results or such an experl~&nt

are glven in Table III.

v. &Dall!ll or w.
An a11quot of t~:e percl:..loric ac1J filtrate obta1ned

aft.er removal of UNA and prote1.n was taken for rlboae det

erm1nat,lon by th•• orcinol reaction (lOS) and tor total phos

phorus determInatIon (112). nowever, the ribose valu•• are

ot doubtful a16l1iflo.tltnce sinoe the orc1nol reactionia not

speoif1c a,nd. 18 alt.ered l)y the pre.enoe of mucoprotein.

Another a11quot. waa taken tor the determ1ne. t..l,on of

r1bonu.oleotide. by It micro modl.floatlcm of tt:e metrJ.od d.ev

eloped 1n th.la laboratory by Khal141 (10'). Th••etb.od

1nvolvt;ts adsorpt1on or the nuoltlotlde. on Dowex-2 acet.ate



1'ABL'I III

A4.0!l!~~OD or Rl1toDuol.n14.. !u b;o'elu .a a Punotloa or t1le PI
ot 'reclpltatlOD.

!'ube ~. ltD. .... Prot.tn BIl.if .a.••
111 0••• III 0.13 ]I BCl0. 1a010. pH O.D·.o O.D.-Prot.s.n •BaOB- ... blaO + total

1 • • " 0 0." 0.&21 O.sea 10$
I t 8 3.5 0.5 0.53 0.611 0.602 101
S 8 8 I 1 0.61 0.594 0.se5 98.5

" e 2 2.5 1.5 0•• 0.11.• 0.510 loa
s a • 2 I 0.95 0.617 0.588 102
6 8 • 1.5 8.5 I.SO 0.591 O.58e •, 8 2 1•• 8.a 1.ft 0.620 0.591 lOS,. 2 2 1.1 2•• 2.S'1 0.620 0.591 lOS

9(staD- a 1111 0.13. 2 2 0.5"4 0.5'1" 100
card) hOB
10(170- 2 111. a 8 2 0.029
'.1n '\ o.a .
IIl"t __t..' ...

.. The lUrA .a l.ubated In 0.5...OR at 25·0 rOI! 18 hoU'Pa. '1'bAt solution ••
tbea diluted to a tiDal 0.2. _.OR•

• The protein _1-. 1. thea.D.MO ot tube Bo. 10 1••• 0.021. It •• turtb.el'
PPOTe4 .,. the bi_et reacti. tbat the protein oonoentratlcm or the
aupeJ"l1&tea va_ nearly the .... 1n all ....-pl•••



'fABLE IV

Recoyery of Rlbonucleotide. fro. RNA- proteln Xlxture.

O.D. unltel
Column placed on

colUlln

O.D. unita
recovered percent

trom oolumn recovery

percent
recoyery
+ 3:' +.

1.- 145-.8 128.5 8S 91

2. 145.8 130.9 90 93

3a 145,.8 131.2 90 93

lb*· 145.8 1'3.2 91.5 94.5

2b 145.8 131.3 90 93

lc+ J..'5i8 134.0 92 95

2c 145.8 132.0 '1 94-

3c 145.8 132.0 91 94-

40 114.5 157.0 90 93

5c 58.16 54.08 93 96

,. O.D. unlt =O.D. reading x Tol of solution.

* In .erle. • elution vaa done by pa••lng
the H2SO4 10 ti••• through the columna at
rOQm temperature •

•*. In aeri•• b elution was done by blowlng
the resin out trom the column. and heatlng
itat 10000 wi th H2S04 tor 20 ainute••

.. In ••rie. c elution wa. done at 70-800C
wlth the ald of electrically heated tapes.

A.l kCLli,,& Jw" rOly,sAk.
+. 3~ areladdea to the recovery because when

pure RNA 18 passed through the column 3-5%
of it are not adsorbed by the resin (103,P.17)



-15-

at pH 6.0-6.1, removal of interfering substance. with

water and elution ot the nucleotide. with N H2S04 at

70-80°0, the te.per.a ture being maintained 1'0 tlle colu.an

by the use ot an electrically heated tape. The eluate.

are then hydrolyzed in acid solution ( • H2S04) to yleld

purine ba••• and pyrimidine nucleotide. (106,107). The

purine. are precipitated as the silver aalts, then ex

tracted with. hot HOl. The filtrate containing pyrl1ll1dIne

nucleotide. is freed of ailver with H01. The solution.

oontaining the mixed purIne. and the pyrimidine nucleo

tides are analyzed spectrophotometrioally with the aid

of two aimultaneous equationa aooording to the general

metnod of Kerr (108). The reVised simultaneous equation.

developed by lbalid! (lO,) were adopted.

Recovery experiments on mixture. of RNA with pure

protein in the .ame conoentration found 1n ti ••u•• gave

resulta which were almost as aucceaaful as those given by

the "maoro lt me-thod (103,p17), the recovery of' nuoleotide.

being 93-96 percent, (see table IV).

VI. DetermiQltiqn of PIA.
DNA was extracted trom the DJl.l-protein precip1tate

with hot acid. Varioue authors haTe recommended the

following: 5 peroent TCA at 90°C tor 15 minute. (98),
5 " OR O.5N POA at 700 for 20 81nut.s(97,l09)
6 " PCA at 90° tor 15 m1nutes (110),
N FOA at 80° tor 30 minutes (Ill).

We adopted 0.5 N peA at 1000 tor 20 m1nute••



Recovery ot RIbonucleotide. trom RNA-protein MiXture.

O.D. un! tali O. D. unitl peroent
Co11.Ullll placed on recovered percent rec over1

oollJ1!lm trom oolwan reo·overy +", ••
1&* 145.8 128.5 88 ~l

2. 145.6 130.9 90 93

'a 145.8 1'1.2 90 9'
lb·· 145.8 1".2 91.5 94.5

2b 145.8 1'1.' 90 9'
10+ 145.8 134.0 92 95

20 145.8 132.0 91 94

3o 145.8 1'2.0 91 94

40 174.5 157.0 90 93

50 58.16 54.88 9' 96

ll) 0.0. unit. O.D. reading x vol. of .olution.

(ff) In ••rl•• (a) elution vas done b7 pas.lug
the H2S04 10 tlm.. through. the C01UBlt\8 at
ro~ ' ••perature.

(iUt) In ••1"1•• (b) elution val dQD.$ by blowin.g
the re81n emt tram the oolumna and b.eatlns
It. at 10000 wIth H2S04 tor 20 alnut,ea.

\+) In ••rl•• (0) elut10n was done at 70.80°0
w1th the •.14 of electr1ca111 h••ted tap•••

e++) 3:1: are added to ttle recovery becau•• when
the alkalIne by4,rol,I.t.e of pure RIA i.
pas.ed through tne column ' ...5~ ot 1t are
not ad.orbed by the res1n (lO"p.17).
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The DNA extracta were aas&yed by three independent

.ethoda:

1) Total Phosphorua Deteralnation, by the method of Flake
,

and SubbaRow (112).

2) Color1metric Determlnation of Desoxyribos••

The dlpheft7lamine (113,114), cystelne-H2S04 (115),

carbazole-H2S04 (116) and the tr1ptopban-HC104 (117) reac

tlons, are known to be non-specifio andhor not sufflcient

ly sensitlve. The lndole-HCl reactlon d.sorlbed fir.t b,.

.Diach. (118)and developed later with ao.e .odlficat1ona

by Oerr10tt1 (119) proved unauoo••sful ln our banda. Inter

terenoe w1th the color development aay bave been caused

by the tormation ot phosgene 1n the purlf1ed chlorotorm

used (120), 110 that further atudl.s are nee.saar1.

The c1stelne-H2S04 reactlon as described b1 Brod1

(121) 18 attract1Te because ot 1ts h1gh sena1tlvlty. Only

after maft1 tr1a18, ua1ng utmOlit care 1n the procedure dea

eribed, could a stralght 11ne relat10nahlp be obtalned bet

ween color lntenalty and DRA concentratlon ( see Fig. 2).

lote: Brody atate. 1n hl. procedure that the con
centrated H2S04 (96%) should be chl11ed to at le••t - 100
before use. But H2S04 or this conoentratlon (95-98~),
with a spe01f1c grav1ty or 1.84, freezes at 10.47°0 ,
and 1ndeed it was round to be solldlfied 1n the lee box
at. around 4°0. Poaslbly. t.be sulfuric &old used by Brody
had absorbed moisture, thul becomlng H2S04.2H20 or H2S04'

4. o~ Handbook or Che.latry and Fhysics, 31st.
ed. 1949, p' 526.; Ch••lcal Rubber pub
11sbingCo.
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4 H20 wt~h a .ucb lover tre••lng po1nt. H.nce~ ve uaed
... r ...s.nt. a .1x~~ ot concent.rat.ed H2S0.... and water 1n
the rat10 ot 10 I 1 and found t.bt. to ~ succe••tul.

An 1mportant. dla.dvantae;_ 1n BrOdy' ... \hod ot

"'.to.ralning nNA is lnt.ertereaoe trom pro~ln.. Tbe p.r

ohlor-to ac1d extract. contain not only tbe 1»iA but alao

muon proteln or 1ta degradation produota whicn lnhlblt

00101" develop.ent. Tb,1••trect. baa Rot yet been atud1ed

quantltat.lvely. We .ade ua. olarodr'. procedure re..11z1ns

1 ta 11ml ta t10na. and bope to u.k. th& n.o.....ry correo tolou.

later.

A ne. mloro •• tonod tor the ••tlmatlon or DNA haa

lately been pub11sh.ed (122), but 1t ..a not po••lble to

apply 1t due t.o .hortaB. ot tl.8.

,) Ultrav101.t Ab.orptlon.

Du.e t.o the pre••nce ot algnltloant. alloWlt. or non

nucleotide llghi-ab••rblng ut.erlal ln the UNA fractlona,

a correcUoD va .. lndispensable.

For th18, dry ti.sue powdel' of rat. 11ver wa. pre

pared by the pt'ocedure d.signedabove 1n 8ectlon II, and

nuclel0 aold. were extraoted with. hot peA aa mentioned

pr."loual,.The tlrat tour extracts ( repre.enting nu.c

leio aclda plus ao•• prote1n ) .ere 4180ar4.4: the 5th,

6t.h, and 7t.h extraots were kept .epara.,.ly_ The.. are

believed to be fa1rl, good repre.entat1ve. ot the protelns

or prote1n dearadatlon producta contaalnatlng the .DNA

traotions. Tn. ultraviolet apeotrUII ot t.he 5th .xtract
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vaa ••aaured bet.ween 240 and 310 &)1 ( _ee F1g. , ). It

wl11 be noted tbat light ab.orpt10n 1. t.t4e sa.e at 260 and

286.5 DlJl. al.o at 250 and 290 J¥l. the 6th and 7tn extract.

were also found to ab_orb equally at the _",eleneths .en

t10ne4 ..borClt. Henoe. DNA vas .e.aared by its absorption

at 200 JP.l correoted by the O.D. value at 286.5 m,u. or at

250 ~ corrected 'by 0.D. 290 • Expr.a.lng this _th_.

tlcally.

1101•• DNA phoaphoraa per 11ter,

vhere {. molar extlnction coefficlent, in terms of P.

Reterence St!n4ard for PIA. .o.t.e[mlnatlon. A DBA

aample prepared trom ,pel" (Nutrl tional Bloch••leals Cor.)

vaa aaed as.tandard. • It wa. treed trOID. RIA by thre. auc

ceaslYe Incubatlons In 0.5 N KON followed by preclpltation

eaoh tl.e with POA at Q." M. and v••hing once vith 0.3 N

H010". It vas tlnally dls,olved 1n Ii KCl with the ald

of 1\08 at pH 6.5-1 and shaken with an &1111 alcohol-chloro

form m1xture ( 1 : "2.5 ) 1n order to re.o.,e trac•• of pro

teln .s descr1bed bJ Sevag (123). Snaking._ contlnued

untll there was no gel at the 1nterfaoe or t.he organ10 and

a.qu.eous layers. Flnally. the ONAwa. pre.1p1 t.a ted w1 th

9S percent etb11 aloohol, va'ahed" tl.e. wlth alcohol, tv1ce

wi t.b. ether, and dr1ed 1n vac uo ov.r P205 at 70°0.

A a.._ple of th. purlt1ed nuclelc &old va. tU.801yed

1n 0.5 N H0104 and heated tor 20 mlnutes 1n a boll1ng
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vater bath, ln the .... wa.y &8 the tl.sue apecl••n..;Lh.e

phosphorus content of this ,elutlon vae deter1l1ne4 aooura

tely (112). The cya'81ne-H2S04 oa11brat1on curve a. w.ll

aa the ~ltravlo1.t abaorption were determined on tbe aa••

solu.tion, all "'alue. belnS .xpr••••d per as or DliA phoa.

pborus ( DIU .P ) ( ••• Fle; 2 tor the 01stelne-H2S04 curve).

The extinotlon coefrlcient tor &cld hy4ro11zed DNA per

al111-H01. or phoapnorua at aeveral wavelength. are glven

ln Table .V.

fABL.'iC V

Extlnotion Coefficlent. or DNA P ln 0.1 N
HC10J+. after heatlng 1 b.our 8.\ 1000 wlth 0.5 H 80104

Wavelength (lip.) Nl111.01ar Ext1nction Coetfiolent

260 9.527

286.5 4.2,6

Difterence 5.291

250 8.0e,
290 '.01"

Dltter'ena. 5.010

,

pl10 ua.lon OR DNA Dt t nalnatelou. 'l'b.e DNA P valu••

given by the three methode d.esorlbed above do not tul1l

..gree.

The va1u•• obtained by the e,atelne.H2S04 reaotlon

are lower than thoee obtained. by phOaphor\la or ultraviolet
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abaorption .eaaure.ent.beoau.e there la, .a lI.nt.loned

pre.1Qualy. interrerenoe tram protelna.

We resard va1uea obtaIned by ultraYlo1et ab.~rptlon

as the moat re11able slnee the pnoaphorua det.ermlnat,lon 1.

subJeot ta cont.aaln.t1on b1 phospho11p1ds or unknown pRO....

pborul compounds. Moreover. it 1s obs.rved that the amounts

of DliA , cOllput.ed troatb.e total F <letena1llat1on are alw.,.

hIgher than thoae obtained by apeotropnotometry. It 1.

hoped 1.11& t the ::Latter ..,111 agr•• w1th value. obtalned b1

tbe olst.lne-H2S04 reactlon atter correctlng tor tM pro

t.lna.



PROOEDURE

A~.l~n, ~Ar911.1••

The dr1 ti••ue powd.r. prepared a••soribed in

seoUon I, 18 incubat..d tor 18 b.oura at 2500 1n N KOH in

t.h. rat.lo of 20 ml per gram5•

Ir9"&D AgflY'&I.

A 5.1 all(luot Qf the alkaline b;ydroly_t. i. dil-

uted to 50 ml and. ua.d tor prot.in determinatiQn bJ the

blur.t reactlon.

MIt AM1Y'1••

.Duplicate or t.rlplic&" 5 III aliquot. ot the al

kalin. h14ro11sat. are pipetted lnto 15 .1 oentrifuge

tubea. The DNA and prot-.lne are precipitated by tbe a4dl

t,lon or 1 ml ot 4.48 N HC104 in the oold. Aft.r thorough

muiog and oentrifugat.ion. 1 III of the .up.rnatant .olutlon

18 dl1at.d to 25 m1 and u8.4 tor rlbo8e and pb.oapnorua

4.terlllns.t.lon.

Another' ml aliquot of' t.h. supernatant. aol\ltlon

1. a44.4 to 2 ml or I KOR in ord.r to,precipltate the .x

o••a perchlorate and tb. mixture 18 filt.red throagb aln-

5. A _.11 residue alway. r.uln. lnsol
uble in alka11.Aft.r ••paratin6 it b1
oentrifugat1on, It...hlng twlee w1th 0.5
Ji lOH, tnen extrac t,1116 at. 10000 tor one
hOur ln N !COR (1n whiCh 1t. st.l11 waD
In.olubl.). 1 t waa found. t.ha t t.b.e ext
ract contained neg11g1ble .mount. ot
nue lel0 -01d. and proteine, and hence.
the res1due wal dlacarded.

_ :l. t-



-22-

,_red Sla•• and.abed out quant.1t&t.lvel, w1t.h t.h. mln

laua amoun t. ot vatel' • The pH. 18 t.hen adJuated to 6.0-6.l

( 61&•• electrode ) by the add1tion ot aoetlc acld J t.he

electrode. are ria••d. wlth vat..r. and the .olutlon 1.

t.r&naterred quant.1tatlvel)' t.o tn. Dovex-2 oolumna (7-8 om

by 0.2 ami).

Tbe realn 1. preparedb1 shaking :00.8x-2 wlth 2 H

alkali, then wlt.h 2 I H2SO", unt1l it 1. chloride tree,

and flnall1 With. 0.2 H acetat.. b'utrer at. pH 6.0-6.1 ( "+

tl••• ).

The oolumn. are va.hed with about 100 al ot d1at

111e'" vater t.o get rid ot int.ert.ring .ubatano... They

ar. eluted 'W1th. 6-7 al or N H2S04 at 70.8000, b.eatlns

'be1ng acoollpll.bed by eleotrical11 b.eated tap.. wrapped

around t.he 0 olumnl • Tb. HaS04 1. pa•••d 1n luoc•••l ",e

" 1, 1, and 1 ml port10nl, and the reain stlrred through

out. 81ut10n by lIeanl ot a tlnel, drawn gla8. rod. Stirring

18 n.c.....rybeo.u.•• the re.ln wb10n baa t.&ken up 80..

bicarbonate ( trOll 41.t.1110d wat.er, etre ••• ), glv•• lt up 011

the a4dltlon or H2S04 J thus forming •• bubble. wh10h pre

vent unltQnR contact or tn. real'll and the lulturl0 acid.

Recoveri•• or nucleotld.s trom t.he reain wit.hout stirr1ng

were about 20 per.ent lower than tbe others.

Th. eluatel,rec.lved 1n 15 .1 eon10a1 centrituge

t,ubea are hlclro11••d at 10000 tor on8 hour to liberat.

the purine ba.... SodIum b14rox14e { 0.' 1ft1 ot 9 Ii ) 18



ad484 to ren4er thAt .01ut10n appr()xl_~lJ 0.1)i ,.,lt11

r ••peot. to aulturl0 &01<1. After cooling 1n lce, 1.5 III

ot aa\urate4 al1ver sulfate are ad4e4. After st.lrrlng, the

preolplt.ate ot al1ver-pur1nes 1s lett. oV8r111g11t to tloc

oulate and la tQen oentrlfuged. the au.pernate oontA1ning

the Plrl1l141ne nuoleot.14e. 18 deoal1tttd Into .. 100 III vol

UlRetrl0 flask and tne precipltate 18 wa.ned tvlce '11th 0.1

N 112.604 aaturated vItti all"er .uIt.te, the walb.1ns. be

Ing a44e4 to tn. supernate In the yolum.t.rlc flask. Ex

ce.8 s11ver 18 prealp1 t.a ted by. 1'.n. additlon of 10 III of

H H01, and the aIxture 18 ma4e up to 1'o1uae and centrI

tuged In order to .eparatoe t.h.••l1ver ohloride.

The 11lver-purine preclplt.a\e 18 exvact..a. :) tl....

wlth 5 III portIon. of' J HOl at. 10000 tor 10 a1nute.. The

ex\J'aota are comblned 1n.. loora1 volumetr10 tla.k and

ma4. up to vella.,.

The opt1oal dena1tl ot the 101ut10n. cont&ln.ln!

tbe P1rImI41ne nuoleotlde. 1s measured at 260, 265.5, and

280 .)1. and t.he optloal denslty of the .olutlonl oontainlng

t.he pur1ne. 18 mealured at. 262, 275.5, and 2&4 1Il}l. lor

tni' purpOI. the Beckman, 804el DU, .~C~OPhO\ometer with

10 _ quartz oell. WI u••4.

The conoentration ot 1nd1Yidual purine. and P1r11ll

d1ne. are oalculat.ed troll 1'.he tollOW111f5 equat.ionl (103}1

Adenlne l pM. per liter) 10,.4 0.D· 262 -1'7.6 0.D'284

Guan1ne " It Jl 224.5 0.0. 284 - '9.25 O.D' 262
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S'I& of purlne. ( )JM per 11tel' )

01tidyllc acld M n

uri41110 acld

1'9.8 0.0. 275 •5

98.6 0.0.280 - '2.9 0.0. 260

128 0.D.260 - 69.6 0.0. 280

iIlA AMUI1'e
The proteln-DIA preclpltate obtained b7 aoidlfloa-

tion of the tiesue alkaline h.7drolrs. te la wasbed once w1 ton
0.' N HC10.. It is then redl••01ved in 5 .1 of 0.5 I

laOH, repreclp1tat.ed with 1.1 or 4.48 J( RC104' and washed

w1th 0.' !I HC104 ln orj.er to etree t 0 _ple te re.oval or th.

ribonucleotide.. The supernatant 801utlons and wa.hl1168

are diaeard..d. ;l;h.e r ••1due 1. extraoted , tille. w1th 0.5 I

H0104 ln a boillng vater bath tor 20 alnutes. the ext.racta
•

are combined ln a 25 .1 volUBetrle flask and made up to

voiUlle. lat.er,allquot.s of 1'-hla tlnal solutlon are t.&ken

for ttl. o,.at.eine-H2304 rea.tioD, tor total phosphorus, and

fGr ~traYiol.t abaorptlon .easurementa ( the latter were

a.lways done at a tinal 0.1 H acld conoentratlon ).

00"!9\10n8 IlS!4-

When the dr;y tlssue 1s cU..solvea ln alkali, there 1.

obYloual1 a041nore••• ln volume, ainee thla solation 18 ••m

pled. allowance ahould be made tor thie 1ncre.... ln the

oalculatlona.

In order to .e..eure th.magnl1'.u4e of this lncr....

1n Tolume f 1 sr of 417 be.t pancreas ti8sue ( w.tped accur

ately ) was 41asolved in 20 .1 ot 0.5 R I.Oil in a 25 JIll
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yol.etrio fla.k. trOll a buret 0.5 II .aOH wa_ .4484 t.o

brine; tne .olut.lon t.o the ark, 4.2 III were requ1red..

Therefore, the tinal Tolla. ot 'Ln. alkaline bldroll-t•

.... 20.8 ml. aenoe, there Is an laoNa•• In volume or o.a
a1 tor ever, gra. ot dr, t.l ••ue ( the rat.l0 or 4rJ t.l.sue

t.o alkall Wle4 belne; alway. 1 g:r per 20 .l)'. Theretore,

the ao tual tinal T01.8 Gt: t.he alkallne b,Jdro17a.. te eque:ls

•.1 0.5 • KOH added, plaa 0.8x gr or dry tl.sue analyze4.

Also, wnen protelna are precipitated, the volume of tbe

preolplt.ate should be aocounted. tor 1n the oalculatlon••

'lake and Sub'baRow (112) reC01U\8n4 tbat tor acourate quant

Itat1... work, the Tolae of' the dr1 prote1n preclpltate

anould be subtracted from the tlnal volwae. tor ....mple,

1n thl. oa•• 5 III ot the alka11ne QJdro1ya.t. are a44.4 to

1 III of H0104 to preolpl~t,e tne proteins and DlAf the

t1nal volume of the aupernat. 18 not 6 .1 but 6 al mlnu.

the volUlla of prote1n. conuln.d In tne._ 5 .1 ( the UlOWlt

ot protelna ln the 5 .1 balnt; ••10ulate4 an4 1 gr ot pro

t.81n being coualder_d •• oocuP11ng • Tolae or 1 .1 ).

6. Tbie oorreotlon is in ole•• agr••••nt
..1 th t.ba to eugs••t.ed by Fiake and $abba
Row (112) {l gr ot dry ti.sue contaln.
roughl1 o.a II" of prot..ln ~ •



0014 2~ Ti••ue
TcA ) !4 t1....

95" •. b71 ale.
4 ti•••

tTl••ue

I
hot ale-ether
(;511) , tl•••

1
Ti••ue

)' T1••u8

"DRY TISSUE" f( etherI 2 times

0.5 N XOH
15 h.ours; 2500.

!
~7~TE

cold HC104 Bluret
reaotion

.FR&SH rISSm: cold 8$
TeA

Total
p

RNA DNA + Protein

Do"d~lnOl not HC10il
reaotion I

~
/ DIIA"'... Protein

C,.wlne- H2S04 j u.V.
reaot1on absorption

To\al
p



RltSULT8 A N II DIS C U S 6 101

Tbe re.ult8 ot the analy8es pez-tor••a. on nor_l

and. ellabetle rat llv.r are given 1n Tabl. VI. They lnelude

t.b.e oont.ent. ot protelna, of DBA and RHA 1n term, ot phos.

phorus t and. tne oon\ent or 1ndiv1dual rlbonucleot.ide" all

value. ~1ng .xpr••••4 p.r 100 sra., ot tre.b t1••ue.

frsrt;.1p aDd IYlltlc Mia poP-ttpt...

It 1s not1ced that the ribonucl.lc acld values .e

4eterm1ned by t.otal pnospnorua 40 not au•• 1111 tb. tnos. ob

ta1n'd 'b1 adding the Talu.. of tn. to~ nuo 180t,14••; the

former are alwa1. higher than the latter. fb1. le a180

the o..s, w1th deloxyribonuclel0 &old. The41.erepanc1.y

be ,xplainea. by oon\aa1nat1on vlth pnolphollpla.e ( .1noe

the ti188U8 va. not retluxed wlth .,thanol-chlorotoJ'll .,

rec..en4ed bJ SCba14t and Tbaubau••r (85), and po••l bl1

w1th other ph.osph.orus cOlllpound'. In taet., it baa b.en

abow by Kerr (124), and. by Folch and La Baron (125) tbat

prol_aed retluxlng 'With chloroform-••thanol tailed to re·

Jlove all or the UD4eterm1ned phoaphorll' cOIIpounds trom tb.e

RIA trac t.lons. It bas a180 been report.ed (41 t 126) tbat

1n the aold....olubl. traotion of the tl••u8 alka11ne h14ro

lYlat., oer\&1n non-nucl.otlde phosphorus compounds are

present. and that a !l1eerylpaoapbate protein traot1on con

tam1nat•• the DNA tract1on, according to ~he Scna14t and

tbannba\1ler teohniqu.e.



'!A.BL'E VI

Prot-eln anel Ihl01e1e Aoid Conwnt. of Noraal and Dtabet.lc Rat Liver

(aU valus are ......4 per 100 po of '"all ttl.sue)

mA- p ( ...) OA- p ( AlII) Rlboftuc~eot.14.8
RiboseJ.n1Jaa1 Prot.eln bJ la, v.v.

t..~l IOl V
."

a

)au~ri-.(gaJDS) t.otal p a_..p. I' abaorpf' Id. IUr. ()l M)

.oraal
1-7 la.1 68'1 8'10 2680 2280 '00 070 '11" •• 1100
I.e 12.1 5U '78 I

auo late ssa 5ft 6" '07 86.,
1-8 12.6 61O 662 aHO ltaO au 51'1 H6 U2 1"10

111-1 1.0 483 4.10 1600 1010 1" 1287 333 213 aM
111-2 18.7 10&0 tl. Uto 2700 660 8&6 sa 50B 1610
111-3 1'.2 '11' •• 3700 2500 6&4 738 831 '7' 1'80

Dla-.t.1_
11-6 16.0 '181 668 D60 2450 4&2 716 'nS2 •• 1270
11-8 15.0 "6 117 3140 2310 U8 H8 716 .,. 1230

11-3,5,10 15.\} 7n 672 12&0 23&0 '66 •• 107 .,1 ula
rtt...s IT.i 618 5tJ' 3180 a210 410 721 66. 421 1HO
IV-6 16.0 811 650 2'190 2100 ". &&7 610 4ll 1300
IV-a i6.1 787 618 2"0 2100 J. 685 643 411 l1to

(.) . This value 1. obt.a1ned. bJ a4dlr.g the value. tor t.he .. nuoleot.ld.ea.

/



Table VI shows that 1n the ca.e ot KIA, the value

obtalned by phosphorua ".'eralnat,lon is 18 to 50 percent

higher than that computed troll the SWJl of the rlbonucleo

tlde., 1n both normal and dlabetlc t1.lue. However, ln

tne ca.e of .Dl:lA, wn1le the value. glven by total phospho

rUI and \lltra"'lolet absorpt10n me...urements auee wlth

each other wlthin 2.5 to 12 per.ent ln the normal tlssue,

yet, 1n diabetl0 tls8ue the ditterenoe amounts to 11-27

percent. The slgn1fioanoe of thls cannot be understood

until the nature of the contamlnating pb.OsphOrus compounds

ls known.

R1bose, aadetermined by the orcinol .ethod, am

ounts always to about halt the phosphorus value, slnee only

the purlne nucleotlde. 6i",e the orolnol reaction, and our

re.ults show that thls ratio approaches 1: 1. However,

the rlbos. value i. loa.what 1naccurate tor the reloos

spec1f1ed ~~fe.

The results given in Table VI on the eomposltion

or rat liver are in fair agreement with thO•• obtained by

Davidson (4) tor normal rats, and within the range ot 11m

It. computed by Davidson (48 1'.81) from data reported b1

various authors.

Values expressed per unit weight Gf tllsue have

l1ttle 8igniflcance, however, beeau.e there are manl tal

lacies to consider (e.g. the .stimation of tissue we1ght

depend. upon the water and phospholipid content, and th•••

are not constant in all eas.s). In order to be able to
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coapare the value. or t1••u. anal,.81. in dlfterent rat.,

Ofte wa,. of oyercoa1ng th1s d1ffioulty 18 to expre.. all

value. per unlt or ORA 81nce, accordlng to the f1ndlng.

of Vendr.l)' (1). the average .DJiAc Is oonstant In BOIlat1c

oella

It was reported (21,22), ... mentIoned 1n the In

tro4uctlOD, tbat atter alloxan a4m1n1.tr-at1on nlAn in

creas... It t1:11. were the ca.e, then t.he value. of RNA

and protein rela\lve to ,WiA should tend to be lower 1n

alloxanlzed rat., and there 1s no .uoh 1nd10at10n 1n our

re.ults.

Tl1. values expre••ed per .10romole ot J*.A. are

given ln Table VII. An illuetrat10n of the ditterence

~.tw••n the oonventional ••thod of expre••1ng re.ults per

unlt we1ght of t1ssue and that or expre••1us the. per

un1t DBA. 1. obt.a1ned from a OOllparison ot Tabl•• VI and

VII. Normal rat 1-8 bas much lower value. or prote1n and

RIA F per 100 gra•• of fre.h ti.sue tban normal rat 111-2•

..t, When re.ults are rererredto DlA, the valu.s tor rat

1...8 become h1gher tban tho•• of rat 111-2.

Table VII anowa that there i8 .'grea.t Bcatter be

tween the value. of prote1n and. RNA within o.e group or
rat., espeoially the noraal group, Moreover, the c11tter

enOGI betwe.n th.e norllal rata t.h••••lv•• are aagreat .a

tho•• betw.en. normal an.d diabet1c. The.e d1tter.noe. oan

not be acoounted tor by I~. inaccuracy ot the .ethod

above; they ., reveal 1ndlv1dual variatione. We conclude,



Wi& III

PJ"Gwlll a DlA, and RIA : JIIA ra\108 lnnonw.l

and 41&_t,10 rat. 11••r

loraal

1-7 6TO 19.6 '.97 '.'9
I-e 478 26.6 5.41 '.98

1-9 662 19.1 ,.a8 2.99

III-1 .'0 16.4- '.49 2.,6

111-2 919 20.4- 4.67 '.04
111-3 695 20.5 5.'2 ,.60

A..erase 20•• 4.47 '.2'
(.t'.(7)* (,to.T.... ) (.to.512j

D1abe ..1.

11-6 668 2'.9 S.Ol '.68

11-8 67f 2'.9 5.02 '.92

11...'.5,10 612 2'.6 4.M ,.SO
LV..2 505 '5.5 6.29 it.,8

IV-5 650 24.6 4.29 '.14.
IV....! 618 26.2 '-.81 '.41

A..".rap 26.' 5.04 '.6t
(.tlt.ll) (.lO.601) (~O.'16)

• Tbl. repr•••nt.. tbe ataD4ardO.latlon

•• caloulated trOll t.he equation 6.N
F r
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t.neretore. that alloxan diabetes caus.s no change trom fohe

nor_l 1n tne oontent ot protein and RBA 1n rat 11Ter.

However, there 111 an obvioua correlation between

protein content and lQIA content. It 1s shown grapb.loalll

ln Figure 4. Thla asa1n polnta towards the posalbl& func

tlonal lnterrelationshlp between protein and RJiA syut.bea...

which baa alread) b.en observed by aevers,l authors.

516 99Ipo.it~oQ:

Tbe ratl0. ot t~he tour ribonucleotide. are given

1n Table VIII a. They difter a11ghtly trom tho.e reportAd

TASLE VIII b

Coaparison ot Nucleotide Ratios Reported by Varioul Autbors

Ad. Gu. Oy. Ur. pur./Pyr.

Volkin Ie Carter (27) 10 18.' 18.9 8.5 1.04

Dav1dlon (28) , ( 10 17.5 1'.6 8.1 1.3
(

two •• t.hoda. ( 10 11.6 14., 10.8 1.1

Our value., 10 15.8 17.5 11.2 0.9
(average, normal) ..

by Volkin and Carter (27) on RIP. i801ate1 troll rat liver

\ ae& Tabl& VIII b). Our value. tor ijf''rll0 aold are

tUgher. and tor SUIlDylic acid, lower than thelra. Tn.
h1gher Yalue. or url41110 acld canno\ be explained OD the

baai. of greater d....lnatlon of o1tla,110 ac1d, a1nce Volldn



!be ,Ratio of the 'our Rlbcmucleotldea 1n Konsal 8:04

D1abetio Rat L1ver

B0,..1

1-7 1.00

1-8 1.00

1-9 1.00

111-1 1.00

111-2 1.00

III .., 1.00

D1abetI0

11-6 1.00

lI-S 1.00

r 11·'.5,10 1.00

IV-2 1.00

IV., 1.00

IV-8 1.00

1.64 l.78 1.2' 0.87

1.72 1.14 1.22 0.92

1.'4 1.72 1.01 0.84

1.60 1.86 1.19 0.8;

1.57 l.51 0." 1.03

1.63 i.S, 1.05 0.91

1.58 1,,75 1.1' 0.90
(: 0.12)* (:!:.O.O95) ~O.ll) (:!:O.06' )

1.72 1.62 1.10 1.00

1.61 1.67 1.12 0.94
1.50 1.52 l.O! 0.98

1.76 1.59 1.04 1.0'

1.6' 1.60 1,04 1.02

1.7' 1.67 1.07 1.00

1.61 1.61 1.07 \ 1.00 I
(to.oat) (:to.055) (~O.O'2) (:to.Ol2)

j

1
i
I

• Standard 4evlatlon ( ••• Table VII )
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aJl4 Cart.eruaed 0.5.1 alkali tor the bldrolY818 ot RIA

( .a "e d.id ) and our Msner ur141110 &c1d Talue8 are not.

aGoorapanled by a 11ml1ar d.er..... 1n Clt.14,110 aold.

Our re.ult. ditteralao troll tho•• of I)av14aon et

41. (28) in t-bat "e found a b.1aher proport.lon. of cft-ldll1e,

and a 80llewbat lower proportion or 6uanJllc &c1d. 'lb.. ra

\10 or purine to pyrim1dine reported bJ' th... \'Wo &roup.

ot worker. was a1ftl. lUgher tba.n the on8 wtound. The

41ft.renoe 1•.po••lbl, due to some eD.,aatlc deuadat,lon

d'\lr1ng the1r laolat1onot RIA. Tbe aot-1on of r1bonu.cl••

a•• on RNA cau••• cha,racter1at,loal11 great.er 10•••• ot Plr

lm141n•• and adenlne,tnua 81ving tor the degra4edproduct

h1gb. ra tl0. ot· sual11ne s adenine, and pur1ne * Plrll1141ne.

Table VllIa rev••la tbat rat liver RNA 18 Comp

o.ed of approx1mat.e11 equal amount. of guanl11c and clt1

dyll0 acids, and. or 8.denll1c and urldyllc aclda, the firat

pair predoDllna tins by 60 to 75 percent..

No B1gn1tlcant d1tterence betw.en tbe 'Value. 1n

normal and dlabetic rat liver 18 ••en in tn. tour oompo

nente or lUil"" the dlfterenc•• between the meana rang1ng

trOll 5 t08 percen t •
))/

However, & caretul a\ud1 of the Pflne 1 P1rlm141ne

ratio. r.ve.la.. 10 percent lnorea•• in the tl.1abet10 an1

••le (14 peroent it rat 1 0 111-2 1. ell111na,ted ). fb.1.

1nore••• llay be algn1t1cant though it 18 not. atrlk1ng.

It ahQuld be Inter•• t1ng to extend th. ..... t"pe
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of' atud.y to rogeneratins and. ••bryon1o t,i.au. VB. re.ting

and adult. ti••u.: and to ••or.tinser neopl.8tlovs. noraal

\18sue, trying t.o find out whether a ohane.1n the oontet

and t-urnover raw ot RNA under the•• circumstanG•• 1. ac

COIIpanled by • ohanse 1n 1ta 00llp081tion.

A Btw11 of the ribonuoleotide dlatributlO1l tn the

.pl..en of' leukell1c .1.e was .tartea but 41acont1nu.ed wben

lt WIUJ found that in IIpl.o, unlike pa.noreaa or 11ver, \.be

Rli}~ tract.ion. vaa contafl1nate4 'bJ 81plfl••nt allOtm.ta of

product.a whioh abeorb ultrav10let l1ght at 260 ap and 81Te

all eolor1••trl. t ••t. epeolt1c tor d••ox1riboM. rurtber

In•••tltylt.lon 18 Meded to clar1t1 t.he reA•• 1'01" this 4~t

terence and t.o .clapt the ••\bod to .p1••n t1••ue.



SUMMARY

A mleromethod was developed tor the determlnatlon

ot the lndlvidual capon.nta otrlbonuolelc aold without

laolatlng lt trom tt...e tlaau.e. It was applled 1'.0 the *tudy

ot purine and pyrImldine ribonucleotides ot normal and

diabetic rat liver.

The average ratIos ot adenlne : guanine I oy1'.ldlne

I uridine, with adenlne taken aa 1, were found to be 1:

1.58 1 1.75 I 1.12 tor normal rata, with a purine : pyr

ImIdine ratio ot 1 I 0.9, and 1 I 1.67 I 1.61 I 1.07 tor

diabetio rat., with a purine: pyrimldine ratio or 1 I 1.07.

10 signifioant varIation between normal and dia

betic liver was observed in the ratio ot the tour nucleo

tide••

In the same tls.ue., no change was detected in the

protein and ribonuole1c acid. content expre.sed per unIt ot

d••oxyrlbonucleic aold. clowever, a correlation between

prote1n and ribonucleic acid content was obvious.
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