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T TRODU CATON

The nuclelie aclds have long been recognised as play-
Ing a fandamentel »dle In living processes,  Dooxyrlbo-
nuclelc acid (MHA), whlch is found only in the mucleus, is
now accepted as being an Intimabe part of the genetical
wochanism of bhe cell, In conbregt o DNA, »lbonucleic acld
(IWA) s Lound in alllf?&cﬁiens of the cell - nucleus, mibo-
chondeia, micresomes and ¢ell sap, The execed functlons of
YA have not yet been dellnitely establlshed, bub the possi-
bility that b may In sowe way be conneeted with the synthesis
of proteins has attrected meny workers since this réle of RNA
was oviginally proposed by Brachet and Casporsson in 1941,
The followlng is an gccount of the meln pathwaye of investl
gatbion of this problem which have been followed in the lasb

Plfbeen yoarg,

Loecolisation of TNA in the Tlsgues,

The cavrlilest work in this fleld wa@'aarried out walng
hiﬂﬁoehﬁmie&l and alira-viclet microspectrophobometric
toehnlgues by Brachet and Casporsson respectlvely, but later
chemleoal studies have sewvved to conflmm the conclusions dow
rived from thils earlier guelibablve evidence, The general
pleture so obtalned ghows bthat cells actively synbthesising

proteln contaln lavge anounts of HIA,
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Casperseon and Schulbs (1938) demonsbrated that RINA
woa abundant in rapldly groving cells of onlon roobt-btips and

imagingl discs of Dresopbile larvas; in socretory tlesue,

the omoorine part of the pancereasg, the pepble cells of the
gasbric mucosa (CGaspersson, 1U47) end the salivary glonds
{Caspersson & Schulbz, 1939), High conceabrablons of RHA
were also d@ma&&&r&ﬁ@ﬂ in cells actively ﬁyﬁﬁhﬁﬁgﬁilw probein
guch ag lilver ealla {(Pavidson & Waymouth, 19463 Davidgon,
1947}, develepling red and whibie blood cells (Thorell, 19443
Pavidgon, Leslie & Whlbe, 19@%) apd In nerve cells alber

stimalation of the sorvespondlng nerve {(Hydén, 104%), In
addition, Brachebt (1941) and Labter Denued (i%&%) have shown
that the silk glend of ihe sllk worm has a'high.csmﬁamﬁw%$*’n
of BNA, the only knouwn funcbion of this glend being the pro-
duebion of =illk, which ig & ym@%@inﬁ

Rapldly dividing cells sueh ng onocyhes (Brachet, 1950)
am&ybaa%ayiﬁ.ﬂﬁwing the logarithmic phase of growbh {Malmgren
& Heden, 194%; Bolvin, 1947) also oxhlblb highjucmewaﬁwa«
Lleng afvﬁﬁ&w In chiclk and mouse embeyos, o colncidence of
hlgh HA and DHA concenbrabions with high concenbrobions of
probein has been repovted (Novlikoff & Potter, 1948; Reddy,
Lonbardiy & Cerecede, 1953),

Histochemical and chemieal evidence iIndlcabe thorefove
that BRA l1s abundant in bissues clisrvacberised as sites of

active proteln synthesls., &As added evidence Lt might be
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poinbed ont that blsgues which have a hilgh phyalological
aoblvity bulb do nobt synbthesise protein oxhiblt a low concens
srablon of REA:; Pfor ekample, heart and skelebal wmnele {(Dovilide
gon, 1980), ard oxmibic cells of the stomach (Cospersson,

1947) do not conbaln mweh BWA,

Byen on o subcelluler basls, active probein gynthosis
is aasoclebed with a high concentrabion of RUA, The micro-
gomal parblcles devived fron endoplasmic reblenluwm in the
jnbach cell have bheen Lound o be the subcellunlar frection
richest In BNA and also bo exhibit the highest vabe of Incore
povabion of labelled amino aclds, Timg Keller, Yamecnll and
Tiofbfleld (1.954) have shovn thab 0% or more of bhe ialtial
incorporatlion of Mﬂwleatm:hm and Mcmﬁml;‘me} into rot liver In
vivo cocurs in the proveln of the mimrosmme fraction, which
conbaing wost of bhe cyboplasmic BNA, In vitro work on a cell
free sysvom shows that the micprosome fraction and the ‘*zoluble
fraction! of the llver cell ars both cgsenblal for loncorporne
tlon, T™is Incoxporabtlon cccuvs almost onbtlirely in the
probeln of the nicrosome Lracblon. LAtLlelield, Keller,
Groms and Zmmeonilk (19858), In o forthor study of the incorw
poratlon of 120 1ave1led amino scids into rdbonueleoprotein
pavrbticles of wab Liver microgomes, In vive, conceluded that
eyboplasmic ribonucleoprobeln particles are the slte of the
Initlal incorporation of free amino avids into poobelns, the

bulk of the micerosomal proteln belng more slowly and progrossive-
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&

iy labslled. Simllarly Allfrey, Daly ead Wirslky (L953), works
ing with mouse paceroas mlcresomes, sugpested from bhe mesulis
obbained thad the rdle of micvoseomal nucleoprotelin wag as the
precursor of the gsecrebory engymes of the supernabsnt. Bow-
ever, Daly, Allfroy end Nirsky (1958) fouwnd thab, vhen they
ghudied the uptake of glyeine Aﬁlﬁ by brypsinogen and chymoe
trypalnogen of mouse pancvess, ilsolabed In a highly purified
form,; bhe upbakte Inboe these engymes ls much highey than dnto
sy vibonuclesprobeln s@mpam@&ﬁ'a*‘%h@ paneveas bthey bhad so
far investlgeted, This s not in agreement wibth thelr
previous Iinding ﬁ&aﬁL%hgﬁﬁ protelng serve ag precursor matesial
for the dlgesbive enzymes gyniheslsed by mouse panercas, They
poneiudod, hﬂﬂ@%@ﬁ; thot the origilnel hypothesis could not bho
reojocted; since the uptake of lebelled amlme aclds inbo pro-
pedns of riboaucleoprobein was incropsed mhém gynbhesis was
stimlabted by seeveblon and that for a bebter undevatending of
the ¥8le of wlbomicleoprotein in probein synthesis i might be
gignificent % lnvestipebe the incorporablon of lebelled amino
acids Into bhat Lfraction of the Algesbive enaymes wmoest closely
aggooiated with ribomeleoprotelin, namely, anylase and

probonse,

Ghengos dn Amount of RNA Accompanylns Oheneges in Probeln Synthosd

Thero is some evidence to show that, in a single organ

opr blosue, changes in the rate of protein synbbhesis lead to
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changes in BVA conpbtenb,  Alberablons In the probeln conbend
ol the dieb have a pronounced effect on bthe probeln and RiA
gonbens of the liver., Tms Davidson {(1247) found thalt fant-
ing or administration of a provein«frees dieb produced. a de-
erenae in the BWA eonbend of bthe liver. Mandel, Jacob and
Uendel (1950) again demonsbrated this facht and also dhowed
that the amoundt of IHA ponained uwnchanged, damphell and
Kosborlibs (19473 1952) studied the effent of provein intake
o the awount of probeln, ribonuclele acld phosphorus (RHAP)
and deoxyribomcelele aeld vhoesphorus (DIAP) in was liver and
Found that proieln and BUAP per undd of liver cells was
dopendent on bthe probein vontont of the dieb, vhoveas DIAP
wos Lndependent of this. %

The wolationship bebwemy thoe grewbh of M ssues an
their BNA conbtend hasg been adtuldlad, In developing chielk and
mounae ombryes & c¢olncldense of high probein conconbratlons
gith high concenbrabtlionas of REA and THA has been reporbed,
(Novikoff & Fobter, 1948; Reddy ot al., IBBR), Davidgon &and
Leslie (1981) found that Lhe peveenbage Increases in [HAP,
RIAP and probeln nibrogen (W) content of chick hesrb sxplaanits
over & 16 day perled werse vory sinilap,

The probeln and HVA contends of regomerabling tlssue
have alsgo been stadled, Thus efber partial hepatectoumy btho

RHAP conbtent per wdb weight in the pyegenerating leobes isg ab
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“ibe highest 13 -~ 6 days alfter the opevabion, which colneldes

wiﬁikkﬁﬁ-p@wiaﬁ ta which 1lver gyowth (l.e. weight increment)
ig mosb wapid (Price & Laled, i@%ﬁgf*@%ﬁﬁﬁgﬁ@gfﬁaaﬁgj Habehison
& Davidson, 189533 Lombapdoe, Gerecedo & Reddy, 1883%; Noviloff
& Pobber, 1948), Thadt this rise in HAP is not pavh of a
genepal Increase In cellular consbliuenbs was shown by Hovikoff
and Pobbtor {1948}, They found that thewre wag no corresponding
Incwease 1n lactlc aold, AYP ov ADP conbonbs per wili welght
and thet the acblvities of gevoral engymes 6F the bricarboxylic
aeld cyole wpemsined unelbered, A similar slbuation ebioins
for venal hyperbvephy. Alfter unllateral nephyechomy, bthe pe=
madning Bidney lnorsssos In size and ob geven days the gell
wize, MIA and protein conbent Increase bobuesn 40 - 50%, Wb
1ibtle change in INA conbent occuwrs (Mendel, Mandel & Jaecob,
1950},

| Thorell (1247) has shown that during blood sell forma-
tlon the ameunt of M4 and the size of the nueleclus Incrsase
wabil the exythroblaest stage, when the growbh of the oell
congos, wnd from this point thers is a decvesss In the slze of
the tell nuclenlayr wass and BEIA conbent, parbly associabed
wlth the endoeelluler formebleon of heemoglebln,

In mieyo-ovganisme, conslderable evidence indicates a

elose velebionship bebween the btobel awount of BHA snd the
rabe of probeln synthesies Dl Carle and Selulbs (1948) found

that the concenbrvations of RNA eand INA Incweaged in pepldly
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growing veast eells, From a comparison of mubanbs of a yeast
with Qiffervent rabes of growbh or of sells from the same sbrain
culbivabed wnder different conditions, it bag been ghown that a
linear roelationship exizbe belween RNA concenbmablon per mg.
orgenic ¥ and the reciprocal of the twan generablon time, i,e,.,
"ovowln rate! (Csldwells Mackor & Hinshelwood, 1950), Simillar
fAndings with bacterle were peporisd by Worthvep (1863), Wede
(1982} end Price (1982), Morse end Corbor (1949} dewonsirabed
in B cold during Phe leg phage that lavrge amouubs of RIA were
Pormed and o manlima wes reached just before the onset of ecell
madlbipiication,  Slnller findings bave boen demonsirabed fop
soversl obbey micro-ovgsnisme (Leonardi, 1949), Jeener (L952)
how ever ;. i"mm& thalt o compardgon of the cells of the flagellntbo,

Polvhonele coecs, duiring e verloos sbages of grouth of &

oulture shows thet there iz no lipgar relablonsghip bebween the
quantity of RUA por wg, probeln ¥ and the rabe of proteln syne
thesis, Then he (Jeener; 1053} used econtivucus culiures
under eondifions providing o covabant growih vabe, however, g
abpict rolabionshlp existed Lebween bhe guenbiby of A prosent
and Bhe rate of protedn syonthesls, Hoe concluded thal & wee
lebionship bebween the amount of FNA prosent and probein syns
thesis oxists only for sysbems in the stendy stale and LF the
physiological conditions of the cell are changing wepldly, as
at the end of bobh lag snd logardthnic phases of growih; no

guch correlotion ean be easbablished,
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Gnle and Folkes (1984 report thav theve is a sbrong
corrslation bebween the mucleic acld eonbent of the cells of

L3

Staphyvlocoeccus anyeus and bhe rave of protein synthesis.

Shaph, gureus willl synthesige proteln in the presence of emlno

acldy and glacoge, If purines and pyvamidines ere added to \},
this medium, nuelele aclds are alsgoe synthesliged and protein
aynthesls enhanced. However, if the modlium conbaing ne amino
aclds, nuelele acld synthesls does nob ogour.

Tn the glant unicellular elga Afcubabularla medibevrancs,

the MA ceonbent of the nueleolus markedly decressed when the
@Rggm@sm-ﬁﬁagg&d growing after 1% had hoen lelt in Bhe dark
for ﬂém@‘w@ama (Bbieh, 1951},

The amount of WA would appesr Uo change in concerous
growlh also, Em»lamk@mie mice there 1g o vory considerable
incresge in the INA conbent of the spleen compared Lo thab of
nomel. enimals, The ineresse Iinvolved meinly the nuclel and
 subnieroscople partieles of the oyboplasm, whereas the larger
granales and the mibochondrlsa renained wmalffecked, Ho in~
creage In IDNA eonben® was observed (Peborman, AlLin-Blater &
Lapace, 1949).

In tlssues whilch syntheslse specifile probeins, o.g.
hormones and ensymes, thewe la a ¢lose correlatlon bebween RIA
sontent .and changes in the rabe of synbhesls of the specifile
proteln.  DPesclin (1940) and Herlent (1943) showed thatb

sbimilablon of hoemonel secrebion In bhe pltultary produced a




morked inorease in 1te KA conben®, Aboling {(1052) slse
sbabed thet the amount of BHA in the ecells of the anborior
pituitary i velated Bo bovmowne sywnbhesis In thal glend, In

the salivary gland of Dyosophile larved, BEA eonsentration la

Alrectly related o the intenslly ol sscroblon, bobh of which
inoresst and deorenss bogether (Legder, 195,
G@fﬁﬁiﬂﬂh@ﬁﬁﬁﬂﬁa‘%avﬁ g abirmalebory offset oo parileular
tlisoues wad these effects appenr o bo accompanled by changes
In nuelede seld conbenh, In the seminal véai&&a& of wals
injocbed with tesbostorsne proplonsbe, thers iz e posidive
epproletlon bobween the RVA conloot and probein synbthesis
(Rabinovlteh, 19851),  Deasher {(I9683) hag dhown thet the
AN/ A patdo (.o, on eobimalbe of velabive RVA per coll) ab
Cbhe stlanlated sbages of bhe pesbius cyele is meximal ab the
bime mf-mﬁﬁimal’ﬂtﬁrimﬁ growth. Oollular TRIA cenbeni can be
sigalficantly dopralated, uwnder the conditions gbudied hewe,
with the amount of protein ¥ synbhesised, The injecbion of
pegtradiol into pigeons was Lollewsd by significant Incressos
of the amounbg o¢f DA and by sbrong lnerecoses of the ewounts
of REA and phesphoprobein in the Iiver {(Mandel & Mandel, 1948),
Bimllay obgervebions on ihe nucleic seld fractionsg of the
livers of prognant rabs wore made by Cempbell and Kosterlitz
(1948), Cavallere, Bl VWarco, Fuoco and Sala (1952), shudying
the effect of ﬁ@@t@ﬁﬁa@ on the nueledc acid and probelin conbenk

of chiek ewbmyo, found that cortlsone inhibited The growbh and
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concurrently refucsd ithe probeln, HA and WA conbenl of whole
chick embryos when Uthe pesulbs wewe vofeprsd to iniblel
wedght, however, only proteln aad RHA showsd a algnific
dacronso, The anthors suggesbed thalt the growth inhibibing
effect of the hormone ts clogely connetted with o decrsase in
probein sund BlA synbhe: ls. Hypophysectomy in bthe female rab
produces a concomitant decyoease In RHAP, zymogen granulos and
anylese activity of the pancress bul nob iﬁ WA {4l Sossoy
Tramezsoanl, Valewrl & Migllorind, 1958),  Adminlsbepbion of
gﬁ@)bh.hmﬁmﬁn& be rabs afber hypophysschony, which hed pro=
dueod a marked fall in nucleay and cylonleasmice A and protein
of the liver sellg, vaunsed proboln § of the liver o rolfuen %o
neimmal and eytoplasmic and roclear KA o incroase bo a level
above thalt of the conbwoel (DI Slefanc, Bass, Dloymeoler &
Tapperman, 1952),

It vouldd oppeer frowm the literatire clbed that verdia-
blons produced in fhe provelo synthesls of widely verying

A

sissunes by ddfferent facbtors cavge alberatlonsg in the coneentogw
tlon of BIA fn theso bBlssues and it may be ceoncluded that the
cmount of REA in a blssue Is dependent on Lhe intensliiy of

proboin gsynthesls In that tlssue.

Changes in Protein Synthesls followlng Addition or Remowval of

HHA Lrom g Sysbon,

Lt hes been shown by soveral groups of workers that
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vardabiong In the BEUA econtenl of dlfleront gygbenms alfect piow
todn synthesis. Gale ond Folkes (1954), uaing disintegrabed

Stoph. sureus preparablons whilch do nob reasplre nor mulitiply,

found thet the system gan sHlll incorporate amlne acids lnbo
its protelns provided adenosine tri-phogphate (ATP) and

hezose di-phosphate (HDP) are pragent, Bemoval of the mucleie
acld by aucleosses oy sodium chlovide treabment strepgly weduced
the incorporation, Addibion of the nuﬁl@iﬁ acld frachion
vesbored o a large exbtent bhe capaclby to Incorporabte several
amine acldsy inte the proteing, These workers also gbudisd the
effoct of pemoval and addibion of muclele acids on the acbual
synthesis of several enzymos, nemely, cabalase, 'glucozymase!
and ﬁ}agalaataaid&saﬁ The addition of baeterial BIA to the
disrupbed cells fvom which the nucelelic aclds wore vpemoved

was most active In enhoneing the synthesis of cabalase while
A, sspeelally il iaalaﬁ&d from adapbed cells, was hest Lor
the stimalation of the synthesls of f-galmetosidase., Lesbowr
(1L958) , de Hisman, Hirsch, Marmwer end Gousin (1955), and

Beljanskl (19564), using Microcoecus lysodeilblens lysabes,

Tound the abllliby Ho Incorporasbte amino aclds inbo probelns wag
imhibiﬁaﬁ by wibonuclesse,  de Hismon, Hipseh and Havnmip
(1958:); studled the synthesls of probeins In cellular fragmenbs
of B, coll and found thet breatment with wibonuclease mnd
deozyribomueloeage inhiblted the lncorpopabion of amine seids

Into probeins conslderably, Hore recently Groth (1956) has
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veported an Inniblition in the upbake of 1 Owglyecine lntoe e

baoberial probein of Bagillus wegatherdum "mubtilat® following

sreatment with rlbonuclesse, He did nob obsevve any effeclh
on the iﬁaa?p@ﬁaﬁimm of glyeline fnbo nuelelc acid purlnes,

Ribonuclease heg been shown to inhilbit the Inecorporaw
Blon of glubawate nbo pes~rool protein, by Websbéer and gﬁth
son (1956). The inkibibion could.be roversed by tho additlon
of BWA, Braochet (1954) has shown that rlbenmuclesse inhibibo
the incorporation of labelled amino aslds inbo the probeing of
the 1ilving cells of onlon~reob Lipy withoub affecbing thelp
resplration, The sawme worker {(Bracheb, 1985} also showed
that ribenuelease lnhiblits the Incorporation of emino acids
into the protelns of llve amooba,

Trestment of microsomal preporabicng of liver snd pan«<
areny wiﬁh wlbonuelesse has alzso beeon shown Ho Inhlibib anino-
acld incorporation inbo probeln (Zawmecnilk & Heller, 19543
Alifrey, Daly & WMirsky, 1983; Fovikelf, Hyan & Podber, 1954),
Ihe effect of rlbonuclease on bhe probein forming sysbems of .
liver micreosomes may be spoclific, since Novilkeff ot al., (1954)
showod thalb rlbopuclease breabment had no ef'feet on the
acbivities of wicrosomal glucose~Gephosphabase, esberase, btrl-
acetlc acld lactonuse, adenosine-b'w-phosphatase, acld-phog-
phabage, adenosine btyriphosphabase end sueclinoxidase,

From thesegbudles on changes in the amount of BHA in
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cell-froe gystoms, it is gppavent bthet there lg support fow

the hypoethesis of a »ble of RNHA in proteln synthesis,

Comparlson @f-ﬁha Rabes of Synbhesls of HHA and of Probein.

The deta presenbed above support the hypolhesis that the
rate of proteoin synvhesis is corvelabed Lo the amount of RWA
present, If guch were the case, it mlght be empected thab The
synbheslis of A apnd of proteln would show coincldental ehangos
under verying condibions, This aspoct of the problewm hoas boen
Iaveghlpated by wmeany workers and two conflicbing conclusiong
have been obbalned, one mpportlng a relatlionship between the
twe phenomans end the other sugzesting s dissoelabtion, A wide
diversity of Dlological sysbtems have been used for o sbady of
this problem and while the econflieblng resulis obiained may In
gome meastre be due Lo the exporlmenbal vondibions chosen, 1t
is apparent thab they are nobt explieable as genulne differonces
In the r8le of RINA in bthese different Lypes of bleological
sysbems, The followlng ig an asccount of the evidenece leading
to the twe viewpolnis:

(o) HHA synbhesls in bisasuves with o hilgh rate of proioln syn-

thesis, Davidgon (1950) has demonshrated a high rate of
turnover of RNA in gites of acbive probtein syméh@sis spch an
intestine, llver and spleen, In Liver regenerating siter parilal
hepatectomy, the vedio-acbiviby of REA is & - 4 times that in
vosting liver (Volkin & Cartewr, 1981; Brues, Tracy & CGohun, 1944;

Bmellis, Melndoe, Logan, Levidson & Dawveson, 158),
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() Hormonsl Studies. Hovmﬁnél agents can affech Doth RHA and
probein 3yﬁthﬁﬁgs in some blssues. Praenkel-GConrat and Li
{1949) nhave shewn that cesgablon of growbh of hypophysectomised
rabs is parallelled by a decreaze Iin the thumover mabtos of thyne
ug and 1ldver nucleiec acldy, Albert, Johnson and Cohan {1951)
have shown that the Incorporation of %2p inte the A of pregnan-
oy-gtinulated mammery gland or mamnery carcinoma is appreciably
higher than in the nomeal gland, Scehirader and Leuvehitenberger
{1950) found thab, during spermebogonesis, probeln end RHA syn-
thesls ave elosely related, while TNA synbhesls ls Indepéndent
of provein synthesls, I'n the mucoss of the glzzards of plgoons

brentad with proleetin, Jeenser (1948) has shown an inersasad
gsynthesis of HHA accompanied by an increased pﬁ&ﬁ@iﬁ gymﬁhgsiﬁf.
T snd Winnlel (1984) situdled ﬁﬁ@»imsar@a@aﬁimm $£*%adiwwaaﬁiva
mebobollbes into the muelele acids of ewbryonic chlek hearb
eulbures., A combinebion ¢f insulln, corbtiscone snd growth hope
mone gblmaleted the synthesls of both HNA and INA and increased
the rabes of uptalke of Miguadenine and 1%G~%hymidim@ into these
fractions, A covrelablon bebween this Incorporabion and the
growbh of the culbures was obgearved,

Thus it would appear thot hormonal action on various

tlosues produces concomibant ahangﬁs‘im both BNA and probein
syatheslis,

(e) Bffocts of X-lrrvedlablon. Studles on the effect of lrryadi-

ation on various tlssues ave nob in feveuwr of an interdependence




of REA and @ﬁ@ﬁ@iﬂ gynthesls, For example, Lbrams (1951)
gshowed that X-lrvradisbion decrvessed the tobal amount and burne
over of BNA wilbheut affecbing the upbake of mﬁﬁwgly@;n@ nbo
probein In rebblt bone marrow and Intestine and »at inbestlne.
Similerly Holmes (1851) could £ind no melabionship bebweon The
effects of irrpdlabion on protein turnover and nmucleic acld
formation in Jonsen sarcome., Without Imowledge of the effechks
of the Hyveabnent on pregurscr pool ackivitles thoge daba arpe

diffionid bo evalunbe,

(d) The Bffect of Tahibitows on BNA snd Probein Bynthesis, If
there s a corrvelabion bebween BHA tupnover and probteln syne
thesis 1% would be expected thab an inbibition of the one sysbom
would produce a slmiler sflfech In the other,

Studies on the inbilbitory effect of ulbra-violet 1lght on
the symﬁhaﬁiﬁ of enzymes In bacberis suggest a yelatvlonship bhe-
tween the synbhesis of these spseific probeing and Hﬁé tarnover,
Swenson (1950) demonstrated thab when ulbtra-vlolet light Inbliblted
th@~aﬁapﬁiv@~ﬁyn%h@aia'@ﬁ galachbozynase in yeast the action
gnoctrun was very simllar to bthe meleins aeid abgorpition speetrum
and bore no w@l&tﬁa&ﬂhip bo that of wneonugated probein, He
concluded that macleic aecid i1z probably bhe celluler constiluent
affected by ulbra-violelh Llight, Halvorsen and Jacksen (1958)
have shown thab the synthesis of WA in yeast tan be abolisghed
by dosages of ulbra-viclet light whieh permit RIA and protein

synthegis to contloue, Dosages of ultra-violet Llght whiech
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Anbidb it o sgluccaidase aynbheslis not only prevent nel ustilisa-
tlon of the free amino acld pool Bulh also inhlbillé the incorpora~
tion of glycine into the probeoing end deeresse to & winlnal
value l&ﬁmglyaina &mé‘gﬁﬁ ingorporabion inbo HEA,

Where bthe synthesla of the muelelc aclde Is inhibited by
doprivation of precursers from the medium a posliive correlation
bebween proteln snd KA synthesls aloe seems bto exlsb, Thug
Jognor and Jeener (1952) Ffound that by the vemoval of uraecll or
WA frowm the culiwre medlum they conld inberfere wibth HNA and

DA synbhesis in Theywobacberiwm soidophilus. In the sbeence

of INA the eslls sBlll grew as elongabed Lilamenbous fﬁwm&'ﬁmﬁ
the mumber of baeterdal nuelel romalned small, Depwivabion of
urpatil caused Inhibition of growih and boith nuclel snd cybow
plass weve affechbed,. They concluded thal protein synthesils ig
depondent on REA synithesle and is mach leosg dlyeclly welabed to
WA pynbhosisg. Studles of a similar nabture have been reporised
by Selmldi snd his co~workers (Bohmidahy Sewvaldarian, Grosubauvi,
Hickey & Thannhaunsew, 1956},  Baker's yessht ineubated in ilhe
abgease of phosphabte more than doubled ilts conitent of probein

W and ﬁh&ﬁ.qf te organic non-probein N, but no incprease in 1ts
conbent of purdne and BYA vas observed,  However, 1f the phosw
phate sbarved cells wewre lranslferved to a phosphabe-conialning
medium, purine and muelele scld synbhesis is pesvued at rabos
wirileh ere approximebely fouwy tlmes lorger than bthose of sinule

taneons probelin and aminoe acld bilosynbhesis, L the probtein
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gyunbheogis were gsuppressed by omlbtlng sulphate fron the medium
or by the presence of ethlonine, noe BA wosg fovmed, The
aubhors suggest that it is RIA gynbthesls vhich is dapdmd@m%

on & preceding or simalbeneous probelin synbthesis,

The action of verlous other inhiblitors of HNA synthesis
has boen Invesbigated by a number of workors, wlelding son-
Lieting resulbs., Thus Jeener (cibed by Bracheb, 1@5ﬁﬁ)ibmn&
that vhon bebaececn leaves infecbod with tobacoo wmosaic vivug
are breabted wibth thiouracil a conslderabls end parallel de-
crense in the turnover of bheobh BNA and protoln of bthe virus and
loaves ocours. On the other hand, uwranyl chlopide has been
ﬂbéwm o inhiblt the Incorpovablon of radio-acbive glycine lnbo
the melele aelids but not inte the ovrotein of protoplasbs of

B, megatherium (MeQuillin, 1968), Further evidence muggesiing

o disgociabion of A and probein synthesis 1= provided by the

work of bLovy, Skabeh and Schade (1949), vwho showed that when

frobevs vulpards was grown In a medlum conbaining S8p and
aliguets then lnoculated Into media conbainlng no 997 the
tnrpover rabe of RHAP was greaber If the cells were prevenbed
fron growing by the presonce of cobaliowns sulphate, thus dhow-
ing that RNA ds ecinally wmore rapldly metebellsged in the ab-
asence of probein synthesia,

The Inhibitory action of certnin anblblotics on bacberlel
gystoms has boen widely studied, Gale and Felkes (1985h), in

an exbengive study of the effects of various anilblotics on
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proteln and RVA synthesls In Sbaph, sureus, found thabl chloro-

myeebin, aureomyein and tewremycin increased nmelelc acld syne
theagis bub ﬁnﬁﬁhiﬁ&ﬂ pro toldn synihesls., Simliarly Wisseman
and hig cowworkors (L964) found theb chleramphenicel inhibited
-pr@haﬁa synthesis In o rapidly growving culbuwre of K. coll,
strain B, although RA and DHA coatinmed bo be gynthesised ab
an uaalberved vabe, The actlon of the antibiobic uwsnie aecld

on bacterla gave slimllar vesulbs (Miura, Nekammra, 10561y
ﬁ&uﬁa,'ﬁak&mmﬁa & Mabtsudselira, 1951},

The general conclusion weached from theas anibliblotic

studies iz that thers is no oblipgatory relabionshilp beobuweon

HiA burnover and protein synthesls. This coneluaion is nob
necegsarily ab wvarlance with The findings of others using In<
hiblbors under dlfferent clreumstances, In all Inhibibor studled
the apeeillcelty of the action of the inbibilbor reguives careful
consldevabion since it may nob oeb as a spociflc mnhibiﬁ@ﬁ of
the sysbens uader examination bub as & general wmetaboliec low-
hibivewr of all the cellular processes and eproneous conelusions
goncerning « relabtlonshlpy between the gystens belpg conslderved
mey vesulb;  This inberprebtablion of inhibltor mechenlsms will
be Qﬁﬁﬁi&&f@éiin more deball when we come ho our own daba on
thienylalanine Inhibiblon of YA and protein syntheosis in lilver
slices,

(¢) BuA Synthesis and Bazpie” Formablon., . The pancresns is a

ﬂﬁa@@mfin which synbhesis of & speeific probein can be gbtudled
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Treo from eny accompanying cell dlvislion, Fornandes and
Junguiers {19565) showed that in plgeon pancweoas in vivo the
upbake of glycine by WA and protein was roughly perallel,
Gubemlev mﬂd IL'4na {cited by Hokin, 1952) found theb an dn
vivo stimulatlon of enzyme secretlon of The paroblid, liver amd
pancreas wesgulbed In an Incvease In bthe ralte of Incorporation
of 9¥p 1nta the vibomcleoproteling, Holin {(1952) roported
gvidence which confivmed this Lfinding in the paancreas bulb he
iater showed (Holkin & Holkldn, 1954) thetb sbimulotion of ongyme
seeretlon in vibro or in vive was nolb accompanied Ty an e
cronged rate of BENA synthedly ow %uwmavef@ hils earlier findings
belag dus bo the conbaminabtlon of his REA prepaxabions with
ndghly active phosphoprobeln, Pllocarpine which stinmmlated
onzyme secrebion In mouse pancrens was found Lo cause a HOP
decrease In bhe speeific aoblivity of A wyelatbtlve to that of
the aeld-goluble phosphabe sster Lraction. Studdes by Hebino-
viteh, Valsel, Rothzchild, Camars, Sezgo and Junguicra (1952)
aad Do Doken-Grenson (1953) alse falled bo demongtraie o GO~
neetion bebuean the burnover of nuclele acld P and enzyuoe
secweblong Thoe labter (Greenson, 1958} alse found s dlasoci-
atlon bebwoen prabein synthesis and Ltho upbake of 9%p by IBIA

in the secreting oviduct of the laying hen. T we must con~
clude from these gtudlies of secrstory sctlviby that there iz no
conconlbant changes 1n RYA furnover with changes in protein

gynthesls




Adopbive onzymes have been exbensively studied in bLacterla

and bhe Lindings ave fully dealb-wlth by Splegelman aud Compbell
(1956), Prom a study of adeptive enszyume in varlous mlero-

organismy 1t hag been concluded by several workers theb Cone
binued BSA synthosis ls essenbial fo induced engyme formabion
bot once the REA isg Lfoymed it cannob effect a furthewr synthesis
off enayme.,  Thus Gale and Follkes (1868) found as menbloned
proviovwsly Phab while the ablliby to develop Tglucoaymase! op
catalagse in neelele acid depleted shaphylopocel could be vesbtored
by the addiblon of sbaphylococeal BHA, 1o sueh resborastion
pgenrred in the case of the asdapbive enzyme A-gelactosldsse,

A wizbture of purines and pyrimldines ox of rilbonuclecobtldes frvom
which REA dan be syntheglsed wes however foubd o enable /B«
palecbosidase formabion bo oscur,. Heramr , Nisman end Hirsch
(19658) with B, colli found the synthesis of suceinic dehydrogenase
in eellular fragments was lnblbited by tyealment with pribow
ruelense and was vestored by a wmlxbure of ribonucleotides bub
ot by nuelele acid preparsations of the opganismn, Pardne .{ 1054)
found cerbain urecli-rvogquiving mubants of B, eell could nob
synthesise /3’ ~-galocbosidage unlesy sdeguate amounts of uracil
were progsend in the mediuwn.  The synthesls of o(-glusoslidase

in yeansts has been showo by Splegelman, Halverson and Ben<«ishal
(1e58) to be dependent upen the size of the purine pool wibhin
the ¢ella, In addibion sewveral workers have shown that pueine

and pyrlunidine anslognes Inhiblt inducged onzyme formation in
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various mlero-opgenlans (Splogelman et al., 19853 Pardes,
19553 Cresser, 1055(a), 1955(b)). The above data on adapb-
ive ensyme formablon wonld indleate thet for Induced enuyne

Pormotlon to ovenr a concomlbant gynthesis of WA must bake place,

It da appavent fwom o congldoprabion of all the evidence
relabing REA gynthesls to protein synthesls that concomlilbant
changes have been observed im aniuals subjecbed to hormonal
atimuld, thabt there ls evidence of a dlssoclablion in some ine
Hibitor and X«lryadiation stuwlles, and that onayme fopmmetlon
con ccour in memmals wibhoud involving co-gyntheals of RIA,

In an alibenpgt to rabtlonalize the conflicting debe, Te Deken
Grénaon (lﬁﬁﬁﬁﬂhma suggested that a corvelablion bebween the turn-
over of RUAF and protein syntheals only sxlsts where there is
cellulsr mulilplication and that vhere there ig no cellular
matblplication, REAP turnover bebaves Ia two differvent ways,

(1} o very ropld turnover s in adullb liver, and (8) a vexy

slow araover as In pancreas snd oviduect, She algo suggeshs
that the corvelabion bebween RYA furnover snd probein synbthesis
in eell division may be forbulbous and ecen ho explained by the
fact bhat all the oell constituents are reprodueing al the

game vabe,




28 .

Puarpose of Present Experiments.

The general pleture presented by this survey of the
Literabture would appoar Lo hove established with ressonsble
eerbibude that the amount of A In any given cell ls closely
coprelated with Ite capacliby bo fabricate probeins, The
Litevabare on HUA mﬂﬁaboiiﬁmjhﬁwavww, has provided conilicting
evidence of a relabtlonship of BA gynbthesls and probein syn-
theasis, The large number of excepblong to such a relabionghip
mast carry conslderable weldght in declding vhebther RNA syn-
thesls ig an obligebory component in the mechonism of @rﬁt@iﬁ
gynbhenla, With,tﬁia-mﬁ@@%%ﬁimﬁy 1n mind, we bthevefore set oub
Bo explove the relabionship of REA mebabollsm Lo probein syn-
thesly dn the liver, Our cholee of thiles system was dictabed by
Bhe faet that the smount of protelin in the liver is reudily ine
Fluenced by disbary condiblons end It is a falr infervence thob
protein synthesis in thls organ is thog uvnder diletary conbyol
to e censiderable extent. The experiments are divided inbko
lwe ﬂé&ﬁi@ﬁ&, as followgs Heeblon I deals with the influence
of proteln intake on S2p and E&ngiyaina incorporation into wab
Llver IHA in'%h@ vwhole animel. These szperiments indlcabted
that the suyyly of amino selds fronm the dilet affesbed RUA
wmebtebollsm through altevptions In the rate of KA breakdown.
Soctieon IY exbendg bhese dbaarvaﬁiama bo tho effect of a meal
of proteln on apimals depleted of protein by previcus Peeding

of a imwmpﬁuﬁ@im diet. Seotion III deseribes the regponse of
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nucleic acid mebtabolisn in whole animols to anino seid wixbures
delicient in one esgential component, Pogiitive sfiects on the
mebabollian of the purine aond pyrimidine bHases were obbalned,

As snother appreach bo the effects of deflclencey ol an essenblal
amino acld, Section IV brielly vecords some sxperiments In which
amine aold anslogues were used o produce deficlency of an
essential amine acid, iUptake of labelled precarvsors InLo proe
tolos and TA wero oxamined. Iﬁ.ﬁmatian ¥V, a few preliminary
studies on the rate of RHA breakdown in vitro ave deseribed,

The iunbention iIs bo explore by in vibro procedures the mechanism
throueh which probtein intalke affecty RNA gbabllity in the liver,
hut thesse investigatlonsg are gbill in an enbiyonic sbate, The
genaral beapring of thesme findings on the funcblion of HNA in
probein synthesis iz considered in a general discussion ab the
end off the thesis, Finelly, in a shori appendix, some perp
binent observebtlons on the use of trichloracetlic acld and porw

chiloric acld in studleos of EHA mebabollsm are presenbed,




EROTION I,

THE INFLUBNCE OF DIETARY PROTEIN OF
THE_TCORPORATION oF “c.crvema awp 2p
INTO TWHE_RIBONUCLELC ACID OF BAT LIVER,
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THTROLY GTLON .

The glgnificant eoffect of diebary protein on the REA
content of rat liver has been @ﬁtﬁb&iﬂh@d by a nuber of
workersa, Pavidson (1947) found thet fagbing or adminisbration
of a probein=-Tvee diet was fellowed by a decrease in basophilia
and a pavallel drop in the acbual BHA gontent, Mandel et al,
(1950) confirmed this resulbt, end Campbell and Kosterllbs
(1952) stabed thab the RNAP content of a unlt of liver colls
was detormined mainly by the proteln content of the dieb,

In an @3$$msivﬁ study of the effect of bobh enewvgy and protein
intake on the btotal amount and Lurnover of RHAP in the llvers
of rabs, lMunro, Nelsmlith and Wikvameneyalke (1953)'f0und thatb
while the amount of BUAP in the liver 1o influenced by protelin
Intalke the wate of incorporabtlon of ﬁg? Into BHAP is determined
by energy inbake, Thug feeding of a probelin~free diet coused
a large reduction In the amount of RNA withoubt significantly
affecting the obsolube vabe of upbake of °°P by RNA, Tais
wonld supgest thad the Influence whieh probelin intaks exerts
over bthe amount of BNA in the liver does nob involve eﬁange&
in the vate of BNA ferwation, The alternatlve way in which
the diebtary supply of proteln could influence the amount of
RiA in the 1liver ls by regulablng its rabe of breakdown and 1t
was declded ve sbudy this aspeet of the problenm, The animals

in these experiments were btralned to eab probeln~containing owp
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probein~freec dlets at fized tTimes eseh day; Iin consequencs,

at the time of isotope Injectlon we arvvanged o have each group
of animals In one of three nutritiooal conditlons, namely.

(o) in the post-abgorpblve sbate afber a probeln-free dleb,

(b} in the post-abgsorpbive stale afber a probein~containing
dlet, and (¢) in bhe absowptive sbate, i.o., sctively sbsorbing
amino acids from dietary proteln, In addibion the effech of
@n@rgy inbake in each of these nutrltionel condlitlens was
gtudiad,

‘ &
l%ﬂnglyain@ by proteln ond 1“nglycina

The upbake of
and 98p by RIA in gach of The above nuiritlonal groups was
studied and 1t was covelunded Tthat the proteln content of the
dlet doss In fact regulave KHA breakdown, ¥We bhen procaeded
to provide Parihey evidence for this concluslon by s study
of the uptelke of 1&G~g1ya$ﬂa by the acld-aoluble pavines, the

it
tobal smount of WA ian the liver, thoe upbtoke of 82

P by the
WA of the differvent celluley components and allsnbOin
sxerelbion in the urine wnder bthe different mubrliilonal con-

Aitiong doscribed,




EXPERIMEN TAL,

Andwals and Dieta, Young adult male albino rats welghlng

180-200 g, in the fasting stobte were used in all oxpevimenbs.
The rots were housed individually in motabollam cages and
mainteinad undeyr thermostasie condliblons,

| The vats were fed for eleven doys on a dlet elther con- .
valning sdequabe amounba of pyotein or froe Lrom protelin,
Tables L end 2 glve the compesiblon of thoege dlets end the
amounbys feod, Duprlng the fivat soven days bthe energy lewvel of
the diet was malnbained ab 1,800 ¢als./sqg.m. body surface
aves/day in both groups. Thereafter duving the remaining
four doys, the carbohydrate inbake of the diet was varlisd bto
provide bwo enorgy levels in cach group, elibher 800 ealsw/séynn/
day or 1,600 cal,/sg.m./day., The wabs alse recsived a vikamin-
minoraleroughoge supplement (V,M.R.). ‘he composition of
this mixbure and its verlous consbituents 1s given in Tables 3,
4 and 8, The vabts received 1,0 g, of this mixbure daily,

The diets were given in btwo porbions, the V. M, R, mixbure
anﬂ)wawiﬂb1@ ®n@wgy source {(glucose) at ¢ o.m. and the vesh of
the dlei, including any probeln present, ab 4 p.um, The food
wasg wolghed carvefully lobto heavy oinbment jars and melsbeoned

wlith water Lo prevent scabtbtering, The rals consumed the mesls
rapidly snd dishes were cmpby an hour after feeding., Thus bhe

rabs on the morning afber the last day of Feeding were all in




Table 1.
A A L 4 AL & g

Comooslitlon of Probteln-containing Dieh,

Starelh (potabo) 69 .

tlucose 89 g
Maprgarine 42 8.
Coseln 240 g,

4,8 g, glven dolly.

Ak AT AN ] Do T

Zable o,

Comnogibion of Proteln«fves Dich,

Stareh {potate) 189 g,

Glucose 189 g.
Hargaelne 42 g.

4.2 g. given daily,




fable 8,

Vibamin Mixbure,

Pyridozing Hydroehloplde
Riboflavin

Thismine Hydrochlorilde
Hicotinic Acid
Menaphthene

Bilotin

Cale lnm PanBobhenate
p-Aninobenzoic Aglid
Inesltol

Cheline Chlorilde

Folie Aeld

Potabto Starch

285 mg.
285 wmg,
295 mg.
100 mg.
8 wmg,
5 mg.,
200 mg,
500 mg,
1 g.

Trace

o H00 g,




Table &,

Salt Mizbture Y4469

Bodinn Chlorids 243.2 g.
Potasgium ¢ibrabe 583.0 g.
Di~potassium Fhosphate 74,0 g.
Di=~calelom Phosphate, ﬁﬁﬂr 800,00 g,
Ualeium Carbonate S68.0 g.
Ferric Citrate. BHy0 560,90 g.
Copper Sulphate, BHgO - 0.4 g.
Pobassium Aluminium Sulphate, B4H0 0.2 g.
Mapgnesium Carbonate ﬁé,@ B
Mangenese Sulphabe 2.8 8.
Potagsium Todlde 0.1 g.
Zine Cavbonate ' 0.1 g.
Cobalt Chlorlide, &I,0 o 0.2 g.

Sedium Fluerlde 0,002 g.




Fable &,

O

The Vitemin-mineval-rvoughage Mixbuee (VM. B,).

Sodium Chloride 32,95 g.
Ta4e" Salt Mixbure 130,0 g.
Vitemin Mizture 250,0 g,
Agar Powder 02,5 g.
Hapgarine 7.8 g

1 me A -»t:wr:spheam’h acobabte waa mized with
14 mil, radlosboleum (B,D.H.),

0,8 wl, of this was mized wlih above mizbure,




a'v .

the post~absorpbive sbabe, At this sbtage all the wats on
the gproteln~free dletiz and some of the raldy on the protein-
containing debe were injecbed wiﬁh.léﬁwglyﬁina and 32? a1,
remoined fasgbing untll killed, In addition, some of the rabs
on the protein-containing dlet weve fod 2.5 g, caseln zolubll-
ised with 0,15 g, Egﬂeﬁg one hour prlor Lo injection of ilgo~
Lopes, In this way rats actively sbsorbing smine acids from
thm'gghr@amld be compared with animels in the posb-absorpbive

astabe,

Adminisbration of isobowne and excislon of 11@@?. The vats were

52? {10 paﬂ/l@ﬁ ge body welght), one

injection into each thigh, They were killed ak 3, 6 and 9

injeebed alt 9 a,wm with

houvs bhevealbter by emxsangulnation under ebher anassbthesia,

T4 was noted that the stomachs of the cassin-fed rabs contained
food 3, 6 and even 9 hours aflter isobope lnjeebion, conseguen b
1y enguring a conbinuwous sbsorptlon of amino acids Lrom the gut
during most of the lsbelling period,

Afber porfusion with 0.9% (V/y) saline, the Lliver was
removed, welghed and homogenised in a Nelco blendor (loew
jocketed) with 5 volumes loe-cold 10% (V/4) trlehlovacetic
acid (TCA) for 3 minubes, This was bthen subjecbed o o modiw
fied Sehnldt and Thannbauvsey (19458} proceduve g -described by
Davidson and Smellle (1952), The homogenabe was cénbrifuged
at 0° in the ¥,S8.B, Major vefrigerated cenbrlfuge and the

supernabant flvid filteved and fet agide for the deberminablions




4 . 32
C2-Gl e i\
ycm\ o
Rat

Liver Homogenate

/ TCA or PCA

Precipitate Acid - Soluble
Fraction
| » fraction — |
Schmidt- Protein \ RNA PCA digestion Free
Thannhauser (protein-free) and paper Amino
separation chromatography Acids
Hydrolyzed lonophoresis /
ydroly ons P | . \ |
Adenylic Guanylic  Adenine Guanine
Acid Acid
Hydrolysis Hydrolysis
of bases at 200°
J at 200°
Total Protein ¥
Total RNA  oaP %% oDvP owp %0 AP oNp DNP
Total DNA  glycine Jlycine glycine glycirie glyctne  glycine

Plg,l, - Schematic outline of llver analysisg,
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of specific activities (H.A,) of inovgonic P and free glycine,
The fﬁsidu@ wes washed bwice wlth ice-cold 109% TCA and
then wibh 20 wl, porbions of thd 1lipid solwvenbs in the follow-
ing order - absokate othanel (btwice), ethanolichlorofovm
{(B21), othanol tather (5:1) (Gwice) and other - and allowed ho

d;

3

in alw, In & fow experiments In which agld~goluble
purimeﬁ'wara examined, perehlorle acid (PCA) wag used as o
probein proclipltant, Appondix I dlseusses in debell the
meplts end demerits of TCA and PCA in such @gpariMﬁm@ﬁ,

The ?Q& precipliate was used for the guantiitabive dew
termlnatlon of protelin-l, BRAP and INAP and the delberming-
tion of the H.A. of proteln glycine, 8.4, of ““P of WA mcleo-

5, y e ] d:'l: ' " 5
tideg and 3. A, of 1 rmgbyaine Lpom A purlnes, hega pro-

ecedures ave owilined diagrammetically in ¥Flpg.l and ave describ-

ed In debail In the suveceoding pages.

Pobald omount of protelan N, BUAP and INAP pey liver. This wasg

carried out using bthe wethod of Schaldt and Thenrbanger (1o48),
& knouwn welght of the dry lipld-exirecbed powder was digested
with N«¥aOi at %° for 15-18 hours., -The digest was nade up

to a8 koouwn voluwme md en aliguot ﬁakﬁn Por an edblmabion Qﬁ
total W by ithe wmicro-kleldahl btechaigque (Ma & Zuasepga, 1948),
wsing the distillation apparabus of Markham (1948), A porbion
of the digesb was neubtralised with 2,88 HOL and the DHA and

pretein preciplbated by the addiblon of ice-cold 30% TOA bo




give a £inal concenbtrabtlon of 10%., The preciplbate was conbri-
fug@d.ﬁawm at 0° and washed bwice with fco~cold 5% TCh, The
sapornatant and washivgs wove pooled and HNAP estlmmbted Dy the
webhod of Allen (1940), The precipitabe was dissolved in
1wk, N He0H and DNAP eatlimmbed by the ssme wethod, The pro-
teln N was obbeined by subtrvacting the N of RNA and IDNA
( [B9AP + IWAP] = L,69) from the total N of the allaline
digest,

The difficuliles of measuring nuelelic aelids guantitabivo-
Ly afber using POA sg & probeln precipibant are dlascussed in

Appendix I,

Rediopctivity of Phosphorus Compounds,

i) 8.4, of Ilpovpenie P, The $.A, of the inovrgm ic P in

the TGA-gsoluble fyactlon was estlmabted by the mebhod of Davide
son, Frazer and Hubehison (19561),. Mathilson's woagent (1908)

was added (1 ml, to 10 ml,. exbract) bo the acild solubion and

the mixbture made alkaline to phenolphthaleln wivh Wi, 0H,

This was sllowed to sband n?ﬁymi@nﬁ-a@ o and the precilpitate
Qf‘ﬁg(ﬁﬁ%}ﬁﬁé soparated by cenbrifupgation and £iltrabion,
woshed twice wibth 10% %E@Qﬁ and bthen disgoelved In N HOL, An
allguot of this wag taken for the esbimabion of P by the method
of Allen (1940) and the wadloachivity measured In o Veall

liguld eounter.
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11) B,A, of BUAP.  The mothod desoribed by Pavidson and
Smellie (19562) was used for the lselabtion of the nueleobides
of B4, This méthﬁﬁ affords the isolation of bhe fouyr rmucleos
tldes free from contaninabion of iInorganic P and velabively
free fvom other radloactive conbaminents such ag phesphoprobteln,

The procedure 18 as followse ﬁh@'ﬁwg'lipiﬁ oxbracted

rosidun wes incubated with ¥ RKOH for 18 hours at 377, The
dlgest was then cooled in leco and the pH adjusted Lo L by the
addiilen of a drop of lcewcold 805 (Y/y) PCA.  The precipitate
of A and Eﬁl@& wag cenbrifuged down ab 0% and the supernaben®
containing the nucleontides of RIA was wemoved., The precipltate
was woashed bwlce with a small volume of N ﬁ@lﬁ% and the supoep-
nabant and washlngs peoled aud the pH adjusted to 3 In the
¢old o wminimlse hydrolysls of muclectides. A sulbable all-
guot of thils frachlon conbaining 100-180 ug., P was applisd o
a spob 6 om, fxém one end of a by of Whatman 3 MM £iltop-
paper 7 em, broad aod T8 ome long and paper lonophoresils carrled
cat In buffer solutlon (0,08 M elirle scld-trisodlum eibrabe,
pH 5.5) for 18 hours ab a pobenitlal gradient of approxzimabely
14 Vem, lengbh, The sepavabted nucleobldes weve then elubed
Prom papor with water and P estinmablons and radloeactivity

deberminotions carried b,

Badlosoblviby of Usrbon Compounds.

Glycine was lsolabed from liver probein, BHA adenine




and guanine, acld soluble adenine and guanine and the free
amino-acid pool (Fig.l) snd the dinitrophenyl-(IlP) derivebive
Pormed, nsing & procedure based on thabt of Campbell end Work
{(19562) ., Tn this mebhod the material 1s vescted wilth an excess
of 1~fluoro-2id-dinitrobenzene (FINB), dissolved In a mixed
orgenic solvenbt and the reactlon mixbure Tractlonated on a
buffered celliie coluumn, The lsolated MP-glycine ls subgdw
guently purified on celibe columns developed wlith ethew, Ths
radioastivity of this pure sample is then determined and Lhe
amount pregsent estlmated colorimebrlically.

An amount of the gemple conbaining aboub B00 ug. glyclne
wae dlssolved in 1,5 ml, wabter and the solnbilon made alkaline by
the eddltion of a Imife~point of Walllly and sheken with a B0~-fold
excons of o 10% solution of FI¥B in welhanol Ffor 4 hours, AL
the end of this peried the reseblon mixbure was dilubed with 5 ml,
wabor, shoaken with 20 ml, ebher to remove exmeess FIND,  This
ether solublon was then shaken with & ml, waber three times,
the woaghings belng added to the orlglnal agqueous layer, The
labber was then acldifled with 3 wl. of 8.5 N HOL and exbraclhed
H5=8 btimes with 20 ml, poriions of ether, The ether exbrachs
eontaining the MP-glycine werve gonbined and evaporated bo dry-~
negs with a curwvent of cold alwp, Any moisture In the presidue
was removed by desliceatlon over Pplg.

The dey residue was diggolved In a.lixtarm of ehlvf& 'O
nw~bubanol (9517) prepared by the method of Krol (1952), Ihis

aolublon was applied bo & eelibe coluwmn, 1 om, Inbernal




dlameber, 15 cm. long, bulfered alb pH 6.6, packed in ebhor,

and then washed with chlorofovmm-bubancl as descpibed Ty

Rrol (1982}, The column ves developsd with dhlorofprmine
bubanol, bthe IEP-glycine Dand collectod md the organic golw
vanbs roemoved by eveporation Iin a current of alp, the wogldue
was dldsolved In ebher (0.5 mly) aod applied to a celile
column prephved ag ebove bub maiﬂg ather gaburated with wber
as the developing solvent, The MP-glycive beand yas collechbed
and the ethey vemoved, The dwy resldue wos dlassolved in the
minimun of ethey snd tronsferyed o & counbing planchetie on
which it dried as an QVPﬂ.film-iﬁ alp, The gsmple wag counbed
uging an end-window connber, The INP-glyoine weas Thon digw
golved Drom the ?lﬁﬂﬁhﬁ%%@‘wiﬁh chlopofoprn m-bubanold (80 ml,)
and then exbracbed rom bhe labvber with 10 ml, '%‘&aﬁﬁqﬁa

The amount of INPaglyelne present In the ﬁaﬁﬁaﬁ wes estlnabed
colovimetrically with a "Spekker' abgorpliomeber, using

Tiferd 601 violel filbers. The 8.4, of ithe glyclue wog eX-
progsed as ﬁauﬂtafmimuﬁﬁ/iﬁﬁ N glyeine .,

The rvelliabilliby of ithis mebthod of debsrmining the 3.4,
of MPsglycine was cheesked by Dry D,J, Halsmith of this
Labhoratory . Ho found that bthe HiPeglyeine fracblon laolated
fmgm the eelite column by clution with chlorelormm-~bubtenol
roguired to be fupdher purdfiled by adsorbing 1t on anothesp
cellte ecolumn and slubing with ebher., The B.4, of the sample

wag found bo increase by 20-B0% ns o resuld of this sbep,




Table 6,

Correctlon Pactowrs for seli-absorption of A-vays
by different thilchknesses of INP-glyeine labelled
with 1&6, ?he facbors correct bthe observed cound
to a thickness of 160 %£“ per planchetbe of a

standard sise,

Awovnt of Glyeine | Factor €§gsg§v§§viﬁigt%?ﬁg
flé’}./ planchette
10 1,16
20 o 1,15
&0 1.09
60 1.06
-0 1,03
j,{;{) L, 00
120 | 0,98
140 0,97
160 0.95
180 0,94
200 0.98
200 0,90
800 0,88




Ty ther pafifiemti@n.waﬂ proved umecessary since ne Incregse

in 8.4, was observed 1T tho semple wog now gsubmitted Lo paperw-
.mhmama%@graphy'(ﬁi&ekhmmm & Lowbher, 19861.) and, afber eluliion,
Tun. ﬁﬁfmug& a callbe column using obther ag the elubing solvent,

Seliwabaorption eurves were obbained by plabting onb
Taylons wmé&ntg o’ a alngle sample of l%ﬁmlabellad D Pweplyeline
-and Tabls 6 shows e coubined dabe ghbained from seven such
series of determinations cerrled out by Dr, Nalsmlth, The
factors hewve arve somevhabt lavger than those obihalned by Calvin
{1949} Towp ﬁaléﬂﬁ‘* The purdty of samples of WP.glycine
obbained waa checked perlodically by paper-chromatography using
the golvent of Blockburn and Lowbher (1951), Spotsg eluted
from these chromabozrams and counbed gave S,A.8 gimilar o
thoge ebbalinpd before thrometography,

Sinece ﬁﬁ? wag also adnlnlstered, the DNP-glycine obisined
from all sources was chacked porlodically for conbamination
with 98p, This wes achleved by nberposing a thin plate of
copper foil bebween the sample snd the end-window counter, Thig
was of sueh thickness that It exmeluded ell the weak /3 ~omission
of the ¢ bab poermitbed the pasmsage of 86% of awy y&ﬁiagiom
from 92P 1f 1t weve pre sent, In no casge was any conbaminabion

dgbected,

() B.4, of free glyeipe in liver, Aboud %/5 of the TOA oxw-

tracht of the liver was taken and the ulk of the TCA removed




by repeated sbher exbractions wnbll the agueous phage was

PH 4wd, The labtor was then ovaporated teo dryness and the
reaifdue disselved In a guitable volume of watoewr, An aliguob
of this solublion was reacbed with FINE and the INP-glycine
isolated,

{b) 8,8 of liver vrobeln slyeine, About 100 mg. of théd Lipld-

exbracted Schmidb-Thannhenger vesldue wag rvefluxed with 20 ml,
69 HeL {(Anolar) fer 14 hours on an oll«bath, The HOL was
ram&v&@ from bhe hydrolysabe by vaeuum disbillatlion and the dey
rosidue dlssolved in 10 mi, wabew, L. wml, of ihis solutdon

wag rencbed with FINB and the HPglycine isclated,

{c) S;&i of purine glyelne, Hince the scblviby of protein-

glyeine was iikaly to be so mich greaber than that of puring-
glyeine and sinece the conditlems for degradation of the purine
neelous Yo glyeine wonld alse bring about the hydrolysis of
protelns or peptides Lo free amlno aclds, the presence of
protein In the WA sample wounld lnvelidabe measurvements of the
8.4, of I&G i HNA, It was bhepefore essentlial Lo ensure the
complebte removal of protein from bthe BNA preparation and this
was achieved weing a modificatlion of the methed of Dounce and
Kay (1953) for the preparabtion of sedium riboaucleate, This
m&%ﬁ&ﬁ involves ithe wnse of sodium dodeeyl sulphebe (SHDS) as a
protolin denaburant, SDDS was Lirst purifled by crystallisgbion

(bwice)} from hot @ﬁhanal;
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The dry, lipid-exbracbed residue of the liver was gsuge
pended In 30 ml, 0.9% HaGl and 3 ml, SDDS (5% purified SDDY
in 457 othenol) added, The pH of the mixture was adjus ted
to 7 with o few drops of 10% NadH and the solublon stiveod for
1 hpur ot roowm temperature. Hall was then added to make the
solublon molar with respeet o Wall and the eloudy soluitlon
con %ﬁiﬁﬁxg&& at 18,000 g, for L6 minubeg, The superaatont was
vomoved and the nuelelc aclds present precipltated by the
addibion of 2 wolunes ebhanel, The precipitabe was allowed Lo
gsetile In the cold, vtheon centrliuged down, washsed with ethenol
and acebtone and Iinally allowed to dry in the alp, This dry
pouder was dlseolved in 10 ml. waber and 0,9 ml, 5% 3003 in
45% ethanol added, the solublon was sbirred famf& hows at
room bemporature and the above procedure again vepeated, Tho
deled powder wes finally dissolved In & ml. 0,14% Wall, cooled
to 0% and the pH adjusted o 4.5 with 0,1 W HECL, This wag
conbrifuged at 18,000 g, for 20 mimbes ab 0°, The super-
natant was made moler wibth rvespeet to Nafl and the pll adjusbed
to 7.0 with ¢,0 N W0d, The nuclele sclds were preciplioted
by the addibion of 2 volumes ebhanol, washed bwice In succesalon
with 50% ebthanol; ethenol snd Pinally sther.

The drled preclpliabe was lnocubabed with 0,5 wl, 0.5 ¥
KOH for 18 houws éﬁ 57°, The digest, conbalning ribonucleotides
and A, was cooled Lo 0o &m&,ﬁha,pﬁ.adﬁmst@d to L with 60% PCA.

The precipitated DNA and KCLO, were centrliiuged down and the
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supernabent vemoved and 1tz pH adjusted to 3. hisg was
applied to Lllbeor paper end the mucleptides separabed by
ionopheresis (Davideon & Swellie, 1958).

Lonophovetle sopavation of the nueleobldes wag carried
oul on Whatmon 3 B paper. This paper was shown to be conw
@amiﬁ@k%@ with pepbldes coniaining glycine, asparblic acld,
@i&ﬁamie~&eid and alenine, Before use, therefove, the papers
ware veghed free of poptldes unesing the procedure of Hunes,
Hhed end Isherwood (1951) which consists of agibetlng the strips
of paper In e Tollowing seguonce of solublongt ﬁuﬁagﬁﬁg,
dletlilled wabter, 2N sceble acid, distlilled water, 0,1% (¥W/y)
ealofun acebate, dlsbllled weber and lastly 50% (V) nqg.
ﬁﬁhamalg - The eflicacy of thils treabment was proved by sub-
wibbing washed strips of paper to lonophoresis, elnting the
aroas whileh would copreapond to the posiidlons of adenylic end
guanyllc aclds and afber hydvolysis in 6H HCL for 18 houws ab
110° examining for anmlno aeids by two dlmensionel pepon
chromabography .,

Afber lonophoresls, sdenylle and gusnylic aclds woere
oluted separabely frow the paper and the respecblve bases of
those aclds isolated by the wmethod of %yner, Heldelborger end
Le Page (10563) which yields bames free from conbaminabtlon with
ga£§ Tﬁﬁs proceture consisbs of hydvolysing the ribomeleotide
for 1 hour at 100°. with N HOL, adding a 10 molar oxcess of

earrier phosphate and geparating the base from the phospbate




- Pig.2, = Possible sources of glyc-.ine produced by
: R chemical degradation of- purine ring
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ot columms of Dowex 80 resin, To snsure bthat the WA
thus pyeﬁﬁwa&,maﬁ free from probeln, the eluabes from bhe Dowex
50 regin columns wore hydrolysed feop 18 hours in 6 ¥ HCL ot
110° aod the product submibbed bo two dimensional paper
chromatography, Only glyeine, derived from parbial degradne
bion of tho puwvines, was found,. A best for pepbides {Bydon &
Smith, 1958) ﬂéﬁ@i@& oub on the lonophorebic atrips alter
development was nogablve.,

The bases elubed Lron the Dowex resin columns wér& bhen
depraded te glycine by bhe mebhod of Tinker, Cavalleri and
Brown (1949); Faeh bage was dlssolved in 11 ¥ HCEL ond heabted
in a gealed btube for 18 hours ab 80@?, Thle breabuont causses
the breslkdown of the @uvina’mualﬁma o give glycine, The HE)
was removed 1a veewo @ud the 3,4, of the glycine debormined in
the nausl way., By degrading the bases vo glycine, any AIffi-
culbles in the Inberprobation of the resullis due Lo Hhe cone
Cbrdbublon made bBo the sebivibty of the bese by € abomz 2 and 8
of the purine ring Wamé avolided, {Bee Pig.2)., VWhille it is
- knowny blologleally that glyelne is the source of only € aboms
4 and 5 and ¥ abowm 7 of the purine mucleus, ehomically degreadaw
tlon of the purine macleus could bheoretically oeccur in two
ways bo glve glycine, vim, from (1) C atoms 4 apd 5 and ¥ abonm
7 and {8) C atoms 6 and 5 and ¥ aton 7. In the ecage of uric

acld, this otoure ab random {Dalglelsh & Neubsrger, 18954),
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However, it has been shoun by Tinker eb al, {(1949) that adenine
degradatlon under the above condlitions gives rise bto glyeine

1,

from ¢ abtoms 4 and 8 and N abton 7 only. Guanine has not been
szmamived in this wy. | However, even I¥ randomization gove a
ﬁQ% conbrliatlon from Gy o the glyeine, this would only in-
Flaence the vegulis obhelned through ithe pregence of radiow
acbive sarbon in ﬁﬁ, represeniing GQQ Yizutbion, Caleunlation
of the 1likely cowbribublion of l&ﬁﬁgvfwam ﬁmiéﬂ*gly@im@ Indi~
cabos that this source of eprow would be negligible in a 9
hour period.

Tals mebhod of proparation of RUA Tvee Trom probein was
used In experimonts 1 and 2, However, the ylelds of Hifw
glyeine were very Low and this was thought to be due to incoms-
vlebe extrachlon of the REA during the first breatment of the
liver powder with SDDS, Accordingly the preparablon was carried
ot by the mebhod of Deovner and Ealght (1963), This webthod was
used by these authors to reunove A Lfrom btobacco mosale viius
and alge Dawvolves Bhe weo of SEDE, The dry liver was smsé
pended in 30 ml, ¥-Nafl and 3 wl, of the SDDS molubion and Breab-
ed at 1009 for 10 wminubes with consbant stirring. The auper-
natent was then filbered and the vepidue agaln extmpceted, The
macleda aclds wepre preeipitabed from the combined filbrabes by
the addition of 2 velumes ebhenol and acotone, The dry powder
was then sgubjeebed Lo the msame process of purifleation asg before.

When the vosultant produet wag bested for the presencs of




protelin, 28 descrlbed sbove, ihe wesull was pegativo,

(a) 8.4, of glveine in acldesoluble purines. The ascid-soluble

parines wore isolabed using a modiflcabtion of the wmethod of
Hurlbeort and Potier ﬁl@ﬁgia

The protelng and nucleie zelds of the liver were preci-
pivated by the addition of 2 voluwes of dco-cold B PUA and the
preciplbote washed btwice with lece-cold 0.7 § PCA as papidly as
possible at 0% for weasons given in Appendisx I, The combined
mpernotant and washings wewve Lilteved and the pH of the £1il-
trate was adjugted do 7 with 5 F KOH in the colds The prow
cipibated Kﬁiﬁé was spun down gad the supernabant fIuid ro-
moved andl filtered, The filtrable was evaporabed Lo drynsss
and Bhe residue dlgosbed with 78% Pea ot 200° for 1 heur.
The digest was cooled in lcoe and the pH adjusbed bo 7 by tho
addition of KOH, The precipltate of KO0, and carbon way
vemoved by centrifugation snd the superrmabtant exirvacied 8 bimes
with 2 volwines n-bubanol/waber (86:14) to sepsrabe bthe bames
from Drovm @@gﬁﬁ@ﬂﬁi@ﬂ meodusbs of digesbion, This oxbracblen
procadure glves o gquanbibabive yleld of the purine bHasoge
The bubanel exbracty were svaporated Lo éryﬁw$$ and the reglidue
baken up In waber and applled bo Whatmen & ME chromabography
poepor and submitbed te a two-dimensiopal sepavetion, The fiwzsb
solvent wag 5% WapHPO, « lscemyl aleohol {(Light & Co,, Techni-
eal grade) devised by Cartor (19B0) and the second solvend

syabem was the nwbubanol:iformlc acldiwater (77:1103113) mizbure
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“deperdped by Merkhom snd Smith (1949).  The Ry values obtalned
sgroed with these aathovrs' Lindlngs exeepdt in bhe case of |
granine which moved in the Divst solvent with an Bp valune of
8,45 ag compured with Cavbter's roporited ﬁp value of 0,08,

The adenine spobs were elubed in 0,1 N HCL abt 3%° for 18 hours
Cand the guanine spots In 1.6 U HCL. The eluabes were evapope
abed Lo dyyness end Bhe residual bases hydrolysed Lo glycine

In 11 K HCL and the INF-glyelne propared from the product as
degeribed above,

The possibiliby bhad f»es glycine in the PCA-soluble
Trecblon of 1liver might travel with the purines during chromalo-
graphy wes also consldered, Arveas of paper around the adenine
and puanine apots from B papens wore therofore oub oub and
glutedy the eluates wewre combined and then pub through the
procedure for NP-glycine preparation, Only sbhous 1 A8
glveine was obbained from ihe paper sreand each spob, and 1t
was devold of vedioscblvity, Thiz amounb of glyeine 18 inw

glgnificent,

Pirferential fracilonablon of livew,

In some oxporiments the speclific gsotiviitles of the ribow
nacleotldes of BIA and 1ipid P were measured in diffepent
Tractlons of the liver ¢ell, 6 hours alber the Injection of EQP,
The bechnique used for the separatlion of the different ecell

fractions was bhat of Seclmeider (1948). The maclel however
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Peagbionabion of bthe 1lvew eell in 0,88 M sucwrons.

Minced 11vVer wwwowp WICIHAR FRACTION
' prepaved by the
method of
Dowace (192850)

Minced iiver homogsenlsed For S0 gecy,
In 0,856 M suewose (1 g. Liver per 10 ml, 0,85 M sucrose)

|

HOMOGENA TH 0
conbtrifuged at 600 g, fovr 10 wlns, ot O

.

! | ' " i .

NUCLEAR #RAGITON Supernatand
digecarded Contriftiged at 8 5%@3 B

For 10 mivs,at O

|

S ey

Sedinent | Supernatient
Washed twlée with 3 wl. Conbrliuged ab l%}@ii{}(} B
.25 ¥ sucgrose for 60 ming, ab 0

l

WO CHON DRYAT, PRA CPION { o : , %
| | Sedimend Superanbant

MECROBOME CRLL BAP
FRACTLON : '




ware prepoved Indspendenbly by the ¢ibric acid method of
Doanae (1950), Filg.d pgives a schemabiec oubtline of the wmethod,
The Llivers of 1 or 2 vobs In cach diebary group were
pooled and mineed finely with sclssors and o portion btaken
Pox %hé_iaﬁiaﬁi@n,gf mueleld. A porbieon was homogenlized Lop
50 peconds in lce-cold 0,285 Megucwose solubion (1 g. livey/
10 mi, sueinse). using e Pobler-Hivejhem (19566) Ltype of howno-
geniser with a plasble pestle. ‘ %hmshﬂmbgamaﬁa was gampled
ray mé&&yﬁiﬁ of Eﬁ&?,'@hﬁﬂgh@liyi@m? and Inorgmlic-P and the
remainder nized with a mife~point of Haol' to prevendt enzyuic
degradation of BIA during the difforentlal sepavation, The
homogenate was cenbrifuged at €00 g, for 10 mimubes nb 0% an
bhe H,B.E, fM&jwﬁ? m@f@ig@rﬁ%@ﬁie@ntyifugﬁ gl the gediment of
wnole é@lig and nuclel dlsemeded,  Tho supernetant was cenbpls
faged ab 8,500 g, for 10 nluubes snd the sediment, the ibo-
chondeial fraction (HT), washed twice with B ml, 0,85 H-sucrose
and suapended In o swall volume of 0,80 ¥ suerose, Tho supei
aabant was genbrifuged abt 18,000 g, for G0 nimubtes and the
sodlment, the mlovosouwal Lracblon {M3) suspended in 0,25 M
sucrese,  The supernabant, the non-pavtloulate eyboplasule
fraction (B) was wemoved,  The muwelel, ms alrveady stabed, were
prepared independently by the mebhod of Dounce,
Reel frackion was breabed with 0.5 volanes ia@faalé'ﬁm%
(ﬁfv) Tﬁ&u&m@“ﬁﬁﬂé'th@mfamélyﬁéﬁdféf 8.4, of Inoegenle 33?,

phoapholipid 2 and ks Pp by the methods proviously
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deseribed, The phogphelipld fractlon was prepared hﬁ waghing
the T0A-pracipibabted waterlal with 20 ml, povbions of the lipid
golvents in the following crder: shsolube ebhanol (Lwice);
eithanol sehloveforn {311); ethanolsether (H:1) (twicwe)s

ether, The washings were pooled and a sultable TOLUNe
svaperabed Yo é&ym@ﬁﬂ and the P estimeted by the mothed of

Allen {1840) and the solubion counied,

Colleotion of ﬁwima and, Eaﬁim&ﬁi&n»af.&ilanﬁgiu and Cregtinine,
In sowe emperiments urine was collecited for 24 hours
uglng the method of separabing urine and fascees degeribed by
Thompaon and Munwo (1955) exeept thalb ehlovolfomn was used as
a prescvvative, The method Initlally used for the estimabion
of #llentoln wag that of ¥Young and Conmay (1942) and the pro-
codure 48 as followat & ml, of the solubtlion to be oubimated
and 1.% wl, 0.5 N WaOl werse placed in a bolling wabtevr<bath fow
7 mimabes, eooled for § minubes in o waber-bath at 80° and
1.0 mby 0,64 ¥ HCL added {bo make mixbure 0,08 N with vesbect
to acid), The bubes were then placed In & bolling waber-bath
for ezactly 2 minubes, Immedlabely thereafber transferved to a
bath at «10% for % minutes, 1.0 ml, lce-cold 0;353% phenyle
hydrasine hydrochloride solublon {propored fresh each day) was
added and the reaction ellowed o procesd for 15 minates In &
bath malnbalned ot 309, The bubes wewe then lmuersed in a

hath at ~10° for 3 minutes and 8 ml, concentrated HEL ab ﬂlﬁg




25

odded followed by 1.0 ml. 1:.87% KzPe((N)p cooled bo 0®, The
sointiong wore pized, allowed to sband ot voom bomperabuyve Ior
B0 minubes and then dilubed bto B9 ml., wiith wabow and the
optical density measured ot BRSO wp on the U nicam 3P 600 within
15 minntes of dllubion,

Briefly this wmolbbed i bo gonsidered to consist of fouw

FEREOE T

L, Alkalilne hydrolyela,

Yo B B Wen Y I RLE o ¥ ey
Allenbtoin —2sQ8 N BaOl ol 200 5 7 mifs  p17amtele oold

0,08 ¥ HGYL at 1007, 2 min,
et a8 100, r_" 2":& Glyosylic acld
F 3

2, Acld hydeolyais,

Allsnbolc gseid

Treas

S+ Phonyihydeasone formaiion,
ohenyihydrasine HGL N
- % éli} .u qj;i ; '1? Glyoxylabe :
S0 Por 16 min, phonyihydrazons

Glyonrylie acid

4y Chromeophora Lormaibion,

Bgle{ll)g + HCL
, 3. S

Giyexylate phenylhydvazone - Bed colour,

Setisfactory duplicabes could not be obbalned wveing ﬁiﬁiﬁ
mothod, svon when done simulianeonsly, and it was declded therew
fove o iunvesbipabe each sbage of the veachion goguencea in an
:.:t:’a.;i;&mpi"s o £ind the cause of the varlabion, Accordingly the
factors responsible for mmconbirelled variabions were lnveshile
gated In the veverse erdey of the estlmatlon, This technigue

may convenilontly be named retrograde sequentlial analysis ol the




Iable 7.

Ixaminetion of method of sliantolin estimebion

off Youmg and Conway (1942) by webrogade

gseguentlal analysls,

Btage ab which duplicates
removed and breated
Soparately

Optleal Density ab 525 mu,

- Sample 1

Sample 2

(hromophiwre FPormatlion

- Pheonylhydrazine Incubatlon

- Acid Hydrolysis

Mean
0,840 Qo7

0,847

0.219 4. m10
o.ptp V¢RI

0,168 e
0.190 U179

Mean

0,166 . 741
ol1ey 07

. Lt‘:’;’f . s
0,832 ¢ o
0;33@3

0,195 4
oo ©0-188
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' ‘Fig,4 - Effect of varying the time of hydrolysis of

~allantolc acld with 0,02 N HCL on the final
Noptieal density produced in ﬁhe allantoin

~ff‘yestimation,x
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' o
hydrolysis(
| time used in our
| modified allantoin
- estimation, -

hydrolysis time
suggested by
~Young & Oonway
(1942)
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reaction, ﬁma samples of the seme solublon wore subjeobed
to Bhe firalt three steps of the procodure and each waz then
Alvided inso bwo porihions, bobh of vhich weve swbmitbed to the
fourth gbep, 1.e., chronophore formablon, If this fourth
gtep wove not the origin of the vavi&@iliﬁy, the btwo aliguobs
of each semple would agree intemnally, bub the mﬁan,rﬁamlﬁ Top
each gample cavried through separsbely would pw@bmbl%’naﬁ agroe
bedause an earllier sbep was the gouwrce of varlabiliby, This
wag indesd found to he the case (Table ¥). The procedure was
bhen repsated on a furthew two samples conbaining allantoln,
but this Line epch sample wag spllit inbo twe equal parbs ab
sbeop 4, Again the vepllcabes agweed inbernally bub the means
f@wv@aam sample were nob In accord, Whon sbep 2 wos used &g
the peint of sub-division inbo two sanples, however, the
daplicates no longer sgreed smong themselves (Table 7)., Thia
wonld suggest thab sbege 3 (peld Lydrolysis) 1s the cause of
the variable results fownd with this esblmation, Ve thowrelfore
proceoded o Investipebe this stege by careying oub @sﬁﬁ@ﬁﬁiﬂﬁ@
on duplicate samples which had been hented ab 100° with 0,08 ©
HEL for varying degrees of bime. Flgure ¢ indicabes bhat afbow
8 mimabes in the water-bath at 100%, only V0¥ hydrolyaia ls
achiloved and iﬁé%"hydyﬁlggis i only weached afber HF minubsg,
I view of these findings, hydrolysis ab sbege 2 was prolonged
o five minabes, There i apporontly no Jdesbyructlon of the

hydrolysin produc bs, as suggesbed by Young ond Conway, if the




Table B,

Allanboin Bebimetion - variatlon of optilcal

dengity of final selution wlth bime,

a4 T oy o " t:':;z:;:;* :
Time of veading Optloal densi tf at 5e5 I
afber colour 0,20 mg. 0,16 mg, | 0,10 mg,
- development Allanboin: Allanboin { Allantoln
{raln,) |

& 1,33 1,18 0,765

5 1,30 1,125 0,785

10 1,30 ’ 1,186 0,700

20 1.26 1.085 0,771

30 1.22 1,060 0,750

40 1,18 1,020 0,784

BO ' PR R - 1,000 0,711

G0 1.0 (3,979 0,695
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time in bhe waber-bath 1z prolonged to 10 minutes.  Each
polnt on the graphh represents the average of two duplicate
esbimations which did not differ by more bthan 107, Although
Young and Conway recommended ihat cerbaln stages ol the esbi-
mation shionld he carried out at low Lemperabures, 1t may be
pointed oub that all the above operations were carried out ab
room bempevabure and this in no way affecbed the Intensity of
the oolouwr produced,

A callbration carve was obtained for the range 0,02 mg, =
0,14 mg, ellentoin and gave a linear relationshly bebween ophti-
cal densiby and amount of sllantoin, Howover 1t was thought
advisable to earry ocut the estimabion of a sbandard solutlon of
allantoln and & blank with each set of tubes and ealeulabe the
abgolute values of allantoln by proportion, It was found thatb
the intenality of the colour obbtained in ouwr modifled reactlon
fades on sbandings Table 8 shows the results obtained from a
abudy of bthe relationship of Bime Gto optleal densiby, Al
readings were btherefore mede within 15 minubtes of dllubion,

The method finally adopted for the esbimation of allantoin
woas as follows -

5 ml, of the sample to be esbimated and 1,0 ml, 0.5 N HaoH
were heabed on & holling wator-bath for 7 minutes. The tubes
were then allowed te stend in a wabor-bath at 20° for 2 mimbes s
1 mi, 0,684 ¥ HClL added and the 'bz::{be.s "aga:i.n heated in o bolling

watop~bath for 5 minutes, The tubes were bhen transferred %o




Table 9,

Crenbtinine Bsbimation » varlabion of opbleal

density of final solublon wlth tlime.,

Time of Reading | Optleal Density ab 500 up.
after Golour 6.18 mg R G.56 g
Taner o s w efs  AHEN » AL

, pgvg;apmem? Oreabinloe _Oreabinine
(Kﬂﬁwﬁ&.}

5 ‘ 0,168 0. &77

10 0,210 0,487

20 0,288 0,632

50 0,887 0,648

&0 ' 0,226 | 0,655

B0 0,886 0,631

60 0,283 2,688

70 _ 0,285 ] 0,630
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a waber-bath ot 30° and lefb for 3 mimabos, 1,0 ml, 0.85%
phenylhydragzine hydroehlopide wags gdded and the btubss ine
cubabed ab 30° For 15 mimbes, afbor whieh time they were trangw
forred tO o waber-bakh ab 207 and allowed bo aband for 2 minubes
before fhe addltdon of & ml, cone, HEL Tollowed by 1.0 ml,
1¢ﬁ?%-mﬁﬁ@{$ﬁ}ﬁ. ﬁh@ tubhes were shaken and allowed to asband
for 50 minubes at room bemperabure, They wewe then dilubed

to 25 mls with distllled woter and the opbical densliy weasured
ab 5ﬁﬁnﬁw.imith@ Unicam BF 600 within 15 mlnubes of dllublon,.

Ceeabine esbimations were cavplied out by the method of
Farley (i@%@)# % mle of the solubion to bhe esbimated were
placed in a ﬁﬁﬁﬁ»ﬁ&hﬁ and 1.0 mle sabueated plerie aoid solutlon
added Ffollowed by L mle 075 ¥ HalH, The solutions wevre
allowed to stand for 20 minubes and pread In the Unicam 8P 6OD
at 800 i within the nexit 15 mlawnbhes,

A ghanderd curve was obbained for craeatinine snd ves
found to e 1&&&&& within ihe yange 0,01-0,06 mg, cvestinine
and all subsequent estimabions were sarried oubt wilihin this
ranges  The practlce however vas o dJdo stemdard estimatlons
and blenls with cmeh sob of estlmations,  The ephical densily
off the sbandand altered only 1€ a new solublon of pileric acid
were used, The ﬁﬁl&ﬁiﬂﬁﬂhi@ bebweon time of eelour development
and gpitlical &amsity was alse sbudied snd Table © indlcabes the

vesults obtelned, It can be seen that opbtleal densiby reonchoes
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a maximn afber 15 minutes and doss nobt fall off appreciably

aven afbsr 70 mimbes,
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BEBULIS,

The Influence of DMetary Probelin on the Metabollem of Livey A,
| The date on whieh we caon basge gonelusgleas about liver
probein ond RNA metebellam in the present experimenbs consiab
of the tobal awcunt of protein wmnd BNA per liver, the specific

agbivity of the glyeine In the pﬁgﬁ@im, the RIA purine bhases
and the froeo mmino acld pool of the liver, and the specifiie
actlvity of %P in the ribonuclootides and the inopgenic P of
the liver (Flg.l). Fyam these we can coumpuie the gspeeific
activlity of 1%G~g1yaim@ in the liver probelin and purine bises
ag a poreentage of the speciflic actlvity of glysine in the
freo onine ecld poel of the liver., Similarly, the specific
activity of 92p 1n the rlbomicleobides can be related 6o shet
in the inorgenle P, Thesy relative specific asctivitiles allow
for dﬁff@r@m@@s In the acblviiies of the precursor pools of
diffevent anlmals and pemld us bto compare the propoprbtlon of
abons renewed in the liver probteln or WA in the dlfferend
mabrlitional groups. In order to complete the pleture ib in
nocessary te allew Loy the botal amount of probtein and BYA in
which incovporabion ls taking plaeces Tthus an enimal with &
high relabive gpeeific activiby aad a swall amount of BNA may
not be synthealsing a gresltor nuuber of new molecules than an
anfimadl with o low rolative spoelfie mebivity bub with a larger

amound of EYA in its liver. As a measure of bthe abmoluto




Flg,5,~Incorporation of MC-B-Gchinc into Liver Protein

under various nutritional circumstaonces.
O—C Fosting ofter protein-free diet.
@——@ /usting ufter proten)-contonnng diet
X~===X Fedprotesn: ofter proteu-contaninig dret.

-
-
-
-

20 -

10

Total Relative Activity (RSA. »rig Proteini N/iIOOg b wt)




vate of peplacement per Liver the relablve specific actilvity
(R,8.A,.) hag bhevefors been mulbiplied by the Gotal amount
of probtelin W opr EHAP in the llver exprossed ag mg, per 100 g,
initial body weipght., This ig weferred to as "bobal relative
actlviby® (Campbell, 0lley & Blewebi, 1949),

At the time of Injeebtlon with Lsobopes, the rats were
nubrlitionally in one el threese condiiticns, One grovp had
been fasblng overnight afber a Pow days' feeding on p probein-
froe dleb and a second group was fasbing afier a proboin-
containing diet, In addition, some animals on the proboin
conbaining diet were fod more casein just prlor bo injéetlon,
Thug we bave two groups in ithe Q@ﬂﬁma%aafptiva sbate after
diets of differeont protein eontent and one group actively abe
gorbing amine eclids fyom diebary proteian, Arnimals from sach
grounp were killed at 5, 6 mad © houvre after Injecbion, The
whole ezporiment was wvepeabed three tlmes using rats fed on
diets of low energy coantenb and three bimes with rats on high

onergy diets.

%h@_lm@a@pgvaﬁimmy@fAlﬁﬂaﬁmﬁmgain@ ioto Liver Probein,

. The data obbalned ave given in Fig.B. The rosulbs ob-
tained ot egeh ensrgy laevel provided the same pleture snd so
have boen cowblined: each polint th&gﬁfﬁrﬁ representy the average
off 6 peplicatlims, % ig apparent (Flg,H) that the total

amount of glycine luncorpovated inte liver probtelin is of similazp
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magnitode in bhe two fasbed groups Irvvegpective of the protelin
content of the preceding diet. This is in &gr@amaﬁ% with the
findings of Gelger (1947) who cbsevved that the uwitilisation of
diebary probeln is confined to a ghort period afber iis Ine
goablon, sines onisslion of a singleo amino selid from the dlet
canaot he compensated for by feedlng the misging amino agid a

Tew hours ltaber,

The Incerporabion of 2P and E&Gwﬁugxyaime into BNA,

Poble L0 gives bthe basic dabe obbalned fwrowm the livers
of the verious dietewy groups for the Iincorporatlon of 9Zp and
146 1nto BHA ond Table 11 gives the tobval relative acbivitles
of BIA fovy bhese groups. The daba In bobh tables reprosent
the mean of & veplicate experiments, Conslstent effects of
provein inbteke on REA mebebolism were obbalned irrespective
of vbebther the anlwals bad been fed al Lthe low or bhe high
level of energy intalke (Table 11). The rosulbts obbtained ab
ench energy level weve theyefore combined end pregented in
Piget, It Ly appavent from Plg.d thet enlmals fasbing afbew
the probein-containing dlet showed about hall the upteke of
S8P inbo HEA obtained with the rebe fasting alter the probeins
free diet, fhen provoln was fod o the animals at the time
of Jsotope Injeckblon, uptske of S2p into BIA roge to eboul the
lowel found in the group vecelving the protein.Lree &leb, n-

) Vi . ; - ) a
eorporation of lﬁﬁagmy&im@ into HNA shows tho same plebure,




The affac% ef varl
upbake of

dela represond

SEP and.

Table 11,

?us potritional conditions on the
4&m§3}9¢n@ into RUA,

aye oxpressod as botal pelative acblivities and the
paplicate experiments.

the means of 3

i")

The resgults

@imﬁ Total Relabtive Acbivities
, afbop (R, B,A, = mg, AR/ 100 g,
Energy Probeln Inbake isobope Initlal body wh,)
Level | Injest- iy 14
: lon 53?‘ G‘-«‘-}‘%ﬁ@lﬁ@ ine
A A, GHA
? Adenine Guanine
hﬁ?‘@
Proteine- B 9.9 5,5 6,5
free G 24.5 81.9 20,6
{(fagbing) & 46,3 51,4 40,7
ZI?@ h@ln"" ’gi i’?ag Gb% }.31/
Low conbaining & 12,9 2.0 0.5
'(@asﬁimg} o 82,6 16,0 &5
 Protein- B 12,6 10,8 12,1
conbalining 6 317 51,9 39,1
{fed) 2 41..8 20,5 18,0
Protolne B 15,1 4.1 8.2
free 6 88,4 13,8 ul 7
{(fashing) 2] 56,6 19.6 30,3
‘Pwetainn S 10,5 5,8 1.7
High jconbaining G 14,6 4,8 1,6
(fms ting) B 85,7 12,9 1,4
Peroloin- & i 10,9 - -
conbainling & 17,0 89,9 27.4
{fod) @ 47,1 58,6 20,8
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excoept that the changes are more sbrllking. The group fasted

l%G into

afber the proteln-~containing dlet had an upbake of
adenine whieh was sbout one-third of that exhiblted by the
group on the protein-free disb, and upbake of 1§ﬁ by guanlne
was oven lower; averegling about one-tenth of the uptake on the
protein-froe diel, On re-feoeding protein, Iacorvoratlon inbe
guanine yose o aboul the level obbalned wlth the protein-frse
Gled émd.iﬁ@mw@ﬁwaﬁiam inte adenlne to g somewhat higher
level. 1% should be emphoasised that these dramabic changes
in gly&im@'mp%ﬁga are not artelacts duo Ho the mebhod of calw
oulating total pelatlive sativiby, bat can bo seen In the
speclilc activities of the puvine hases wibhout reference Ho
the precursor pool of glyeine (Table 10),

| ?@am_ﬁm@ﬁa'ﬁ&ta 1t is apperent thab rats which had been
racelving ne Alebery probeln for seveval days incorporated as

Moo giyeine into

.mmgh‘ggy-amﬁ, in the case of guanine, ag mueh
liver RNA sz did vabs whieh hed been on the proteln-containiog
dlet and were eablng probtelin ab the time of injeeblon with
lsobopes. This lack of assoclablon between diebary protein
sopply apl BEA mebabollism agrecs wilth the resulbs of proviocus
pxpoviments IMmﬁwg, Nalsmlth & Wilromanayelte, 19563) coppied

ouat on rabs pecolving food duping the period of labelllng,

* ) 2 4™
In these earviler sbudies the rabe of ﬁé?'mgtak@ by llver RHA
wog found bo be Independent of Ihe amount of proteln in the

dieu, In contrast to this, we have found in ithe present work




Table 12,

Analysils of variance of the effect of probeln and
energy inbalkze on the tobal amound of KA in the

liver over the 9 hr, poeriod of lsobope Injectlon,
Date obbained from Table 10,

Souree of Dogreed Sum of Sqaar@; Mean Squareé Variance
Variation \ of’ ' 'giﬁ
Froedonf ¥)
Total 3% 50,581 - -
Replications 8 8,208 3,154 8., Lt
Main Effects: |
Times (7T) 2 135 ‘368 { 1.04
Energy Levels
B A i 4,247 4 4,247 LA, Gt
Protein Levels - _
{p) 1 25,228 25,288 65, Bt
Inberactionss
Tx B 2 746 S5 {1.04
Tx P 2 3,536 1,768 4, By
B xP 1 1,852 1,582 3 4 L5
- Resldual Brver 2a 83,489 &86
#% Highly significant, Tor 2 and 82, F at 5% = 3,44
* Slegnillcand
4+ Wot significant, For 1 and 82, F.at 5% = 4,30
ab 1% =« 7,94
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52,

that the protelin content of the dileb has a profouwnd offsct on
) B A . N . s .
the incorpovation of both ““P and l&ﬁwgkyamn@ when the wrabs

are in the wnogbwsbsorpilve shabe throucghout The period of

labellingss thus uptake of lsobepes by aniumals fasbing afbew
the probteln-conbaining dlet was much inferlor bo upbake by

Bhe group fasting afber the proteln-free diet,

Chaneos du the amwunt of RUA In the llvewr,.

These sflechs of probein inbake on bthe iﬁaﬁﬁ@ﬁﬁ&ti&ﬁ of
dsotopes inbo RNA can be explained by considering changes in
the amount of BNA In the liver produced in the preceding éxperi~
mentys by fasting afber sach Lype of dlet, Filg.? econbaing the
data obtalned and vopresents the mean of & peplicabte experi-
menba,  The results ave expreossed as mg, RHAY por 100 g,
Indtlal body welphid sud it is appavent bthat at both levels of
energy nbake, the yats fed on a8 protein~conbaining dleb
aiarbed the fast wiith moro BRNA por liver than did the »ats fed
on the protein-froe diedt and moveover thepre was o signiificanb
£all during the © hr, period olepsing afber Injectlon of lsow
tope {(soe Table 12 for sbatlstical analysis), On the othewp
hand, the vabts on the protein-free dlet stacvted fasbing with
less BNA per liver, but the amount was not further reduced by
fasting for ﬁ&@ 9 hr, period, In fact, at the hipgh level of
energy Inteke in this group, there lg a tendency fof e tobtal

amount of WA to wlse over the 9 hr., perlod, but this 1g et




Table 13,

Chonges in bhe amount of BEA In the Livers of vabs

fagted or fed protein during & 24 hr, poriod followe

Ing diffevent dliebs,

he data are the meang of

whree voplicablons of bthe ozxpevimend.

Proceding diet

Fed during
porilod of

wg, HIAP/L00 g,
initlal body welghb

Pro bein~conbaining

Probein~-Lyee il 2.03 2,05 | 40,80

 High | Probein-containing R 3,06 | 2.52 | -0.54
Proein-cont ammg Proteln 5,06 3. 0L w05
Protein-Lfroe Fil 8,87 2.10 w0 BY

Low Probolin-conbaining Wil 2,08 | 1,78 | «0,84
Protelin 2,602 | 2,58 | -0,10




Table 14,

Analysis of wvariance of effoct of dletary probein
and onewrgy ¥vel on the amount of RiL in the liver
over a 24 hry, perlod, The  pereenbage changes in
amount of HVA, gilven in Table 13, arve the data
usged for analysis.

Souree of Degrees of} Sum of | Mean Square | Vardance
Varlatbion Freedon - Sguares Ratlo (F)
Total 17 B9, 534 - v

Main effects

Protein levels 8 17,667 8,834 3 ,90%
Energy levels 1 4,262 4,268 1.9%
Interaction 2 2,081 1,041 0,47%

Resldual Brvop 12 26,071 2,214

Stabistical analysis shows that only the protelin level
of the diet hes any slignificant offect on amount of RIA in
the llver; 1t is obvious from the data that the significant
effect lies In the group fasted afber the probelu-conbalining

dlet,




gigificent sbablstically (Table 12),

This plebure was confimmed in g deparabe serles of expori
ments in which we studied bhe effect of disbtary probein and
energy Intake on the tobal amount of BNA In the liver over a
24 hye, poried (Table 13), The dabs are exprosgsed as mg., HIAP
por 100 g, nibial body welght and each figure is the mean of
& replicobes. Tzamineblon of the reanlts shows that only the
group fasted afber the proboin-contolning diet lest a slgnilil-
cont amount of BEEA (see Table 14 for stablables), The offeet
of foedlng protein te snimals Tasgting alber a protein-contalning
dlet wag to dlminisbh greatly the fall in the amount of RFA
which oceurved during the fasting (see Table 14 for stoblsbles),
The btendency for the BRA of livers of rabs fastlng after a
probein-fres dlet at a high level of energy inbake o incrense
In ameunt is agedn apparenty however, analysis of wvavlance
(Table 14) shows bhat this is chee more not signlficant. The
rosulis are in keoplng with bthe findings of Kesterlits (1947),
who atudled coubined KA and INA and found thal rate fasted
afber a gboclk dlet lost waelelis aeld from thelr liver Wt nob
vhen fasted afber a protelin-deflclent dieb. Since 1 is lmovn
from the worlk of Eﬁimmgé n ot al, {1985) thalt HI& doos nob parki-
eipabe in these changes, BHA muab be responsible,

This evidence suggesbs thab during fasbing alber a
@r@%»i&w«@m tadlning dlet there ls gn accelerated bhreokdown of

RVA.. If idbis is btrue, the most likely explanatlon for the




Amino Acids

I|||||l||||
T RIKTR,

YTIDININIIND.

T H

| Adenine | Guanine
Pool 4—---Purfnc——> Pool
&‘C-G/yy
- Uric
Acid
Allantoin

Fig.8, - Relationship between RNA and precursor
pools of adenine and guanine,




&
£

low upbake of isobopes by RV¥A In svelr animals iz that dthe
labelled FRA precursors become dlluted by the brealdow pro-
duebs enbering the samne pool ag the precursors (Flg.0). Whoen
retes frowm Uhe same diebary gromp wove fod probein just prior
w0 Injecbion with ifsobopes, upbake of &gﬁ and 1§6«g1ﬁ@iﬁ@ PO8o
papldly to bthe levels ebbained with pats on the probelnefres
diet, and lp sueh animels liver RiA did wob fall signlficantly
{Table 15). This suggests that, as soon as enino acids sbard
bo bha absorbed from the gub, RNA breakdown ls halbted with cone
goguent cossation of dilublon of the labelled RHA p@@ﬁﬂ?ﬁﬁrﬁ*‘
In other words, protelin Inbake influsnces the amount of BNA
in the liver by roegulating ibts rate of breakdown.

In suppord of this inbterprebation of the date, we have

examined the effects of dlet on labelling in the precursor
38

35,

paols on ollentoln exceveblien snd on the upbake of P by the

Wis of diffevent Cractions of the liver esll.

Uptake of l%ﬁﬁgxysiﬂ& by REAL Precurgorsg.

If the low wpbtake of isobopes by BNA in enimals fasbed
efber a @f@t@&ﬂ*@@gtﬁiming diet ilg s feet due beo dllublon with
brealkdown products, one would expect to Lind evidence of such
gllublon effecbs anong the precursors ef RHA, As a Lfirsh
approxlmblion to bthe nocossary dabta, we examined glycine upbake
by the pooled adenine and guanine compounds ¢ the pevebhloric.
acld gsoluble feracitlon of liver, It hag beon ghown by Dennebt

and Kwvusckel (1958) that most of the seid-soluble adenine ig
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Relative Specific Activity

O—0 Fasting after protein-free diet.
@—@ rosting ofter protein-containing diet.
X-==-X Fed protein after protein containing diet.

70 r-
Acid - sqlublc Acid- soluble /
guanine adenine ,
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20+ x-” -

or Crﬂff’“'/f”AD B

0 [ = .. 1 1

3 6 hr: 3 éhr.

Mg,9, - Effect of varii%s nutritional conditions on
the uptake of -2~-glycine by acid-sgoluble
adenine and guwenine of rat liver, 3 and 6 hyr,
after isotope injectilon.




pregsent In the form of adencsline mong-, di- and tri-phosphabeg
and thab gunenine takes ecorreaspondling fovms almost exelusively.
ATber administration of labelled adenine, they observved thab
the pools @f aﬁ&n&siﬁ@ compennds rapidly veschod equilibrivm,
Simdier rosulie were obbtained for the guanosine derlivablves.
Bxomination of the Gobal adonine and the total guanine of the
perchloric acld-soluble Lraction of liver will thevefore pro-
vide & roasonable approximation to the general stabe éf the
agld~goluble adenine and guendine precursors of WA, if wo
accepl adonosine and guanosine phosphebes ag 1ikely precursors,

Since the acblion of Aledtery probeln on RUA mebabolism
vas not found bto differ appreclsbly ab low and high calovic
inbtakes, the gbudy of changes in labelling in the procursor
poolda with varlations in protelin iunkaks wes mads 4t an inters
madlate celorie inbake, namely, 1200 col,/sq.a./day. | The
Tobel amounbs of sadenlpe and guenine in the acld-soluble fraciion
wore not neasurved: consequently the resulbs wre exprossed, nob
as tobal velatlive actbivities, bub ag the specifle activity of
glycine lsclebed by hydrolysis Tfrom these puwvines relatlve o
bhe speciflc actlviby of the Lwee glyvine,

Ihe data oblalned ave preosented in Table 18 and ¥ig,9
and 1t is evident that In the case of vabs Lasbed afber the
proveln-containing diet the upbake of glyeine by the adenine
and guanlne of the acld-soluble peol was much lesz than In the

cage of rabs fagted afber the probein~free dlet. On Soeding




Table 16,

i

The effeet of diffepen® nubtritional condiitions on

the relative uptoke of

IguBeglyeine by the purine

bages ol the acld-goluble fracbion and RiA,

FPed after

Uptake of Igeglycine

Provious Diet | lsolope Acid~soluble RNA
| injection | guanine/adenine | guanine/adenine
- rabio vatlo
Proteln-Iree N1l f 1.15 1,41
Proteln-
- conbalnliag Nil 0.26 0.48
Protein- :
containing Protein D47 0,96
Anglysis of varlance P, 050,01 PLOOL
{6 ovmerva~ (30 observaw
tiong) tions)

Spavisbtlceal anelysis shows that there ls a significant

1

effoct of proteln level in dlet on the G/A ratlo for bobth

bhe acild-gdluble fractlon and RHA,




66.

protein just prlor to injectiown, Incorporation of glycine was
markedly stimalated, The chenges obgerved in BNA labelliug
are thug, in the main &‘i: leayb, reflechiong of corresponding

changes in the precursor peols of adamine and guenine coupounds,

Relative Chanpes in Uptake of ¥reecursors by Adenlne sad Guanine,

The hypothesls of varlablons in BIA breakdoun wecelvoes
farther suppord wvhen we connlider 'lslz;.e: rola 'i:i%‘fa affects which
dliubien wibth BNA Droeskdown products would hove on the acidw
soluhle adenine and gusnlne ﬁmmpmmlm The pool of adenine
coupounds 18 maeh lovgen mam that of guanine compounds (of,
Fieed) ; whereas Llver REA conbalns silghtly more gnanine, than
adenine (Urosbhbis, Smellle & David sz'm, 1053), Broeakdown of
RHA would therefore have a greabey diluent effect on the pool
of guanine compounds,

Table 16 contalns the daba expressed as thoe rolatlve up-
bake s of radioaehive glyecine Into guanine and Inbo adenine of
the aclidegoluble fractbion and of RHA, The data for the scld-
goluble purines are taken from the exzporiment recorded in
Pig,9: +the daba Lop }‘%Gug’iyu ine upbeke by BIA purines are fwom
the exporimwents desceribed in Table 10 and Pig. 6. Ths rablos
obbalned ot different timesn alfter lsobope i:zzj@%:};m Pollowed
ésa@n‘&m;t Ly the same patiern and have been avewaged, Baanlng-
Blon of ﬂ.’abl@ 16 ghows that our predicbtlion thet breakdown of
EBA would bhave a greater diluendt sffect on the pool of gienine

compounds is flfilled., Pasblng afber the protein-conbaining
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Table 18,

Shatlatical %n&lysia of the effect of probein intoke
oy Phe m@Laka of 98P by the mononucleotides of KA
rolative bo adenylliec P of YA, {Analysis ol dabe

In Pable 17).

Soures of Dogreos of | Sam of | Hean Varionce
Variabtion Preadon Sguares | Sguare | Hab 1& (1)
Tobal 53 i 480 - | -
Tuolenbides 2 20 1 10 1.25
Proboin i 4 3 0,50
ITnberacbion & 21 5 0. 61
Fegidual error! 46 ' 578 8

Por 4 and 45 F ab 8% = 2,88
at 1% = 3.73,
Btatishical snalysis shows bhet probein inbeke hasg

gignificant effect on tho upbake of 8P by RNA nueleow
tides volabive to Hif-adenylie acld,
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dict reduced tho upbale of glyeine into gnanine mueh more
gevercly than inte eadenine, ag evidenced by g Lfall in the
gasnlae/adenine ratle (%{&}, The rablo roso again vhen pro-
bedn was Tad, L.0., vhen dilubion from BNA breskdown products
waH hal& in check, avablaticel analysis conllnug thabt the
%{ﬁ rabio fm@-l%Q uphake was glgnificantly aflfected by dleb in
ho case of the acid-soluble purines end the purines of RNA
(@&El& 16) ., -

By compardson wibth these ﬁa%&,fﬁw71éﬁ iﬁé@ﬁ@@?&%ﬁéﬁjﬂwn
Table 17 showe an absence of offect of dist oo the mbilos of the
speedfle activitles of the %g?vaf‘ey%iﬁylia; guanylic and noi-
dylic acids of KA to that of the ®BP of the RIA adenylic acid.
Tn each instence the veported valubs ave the sverage of the
dabta obtalned ab 3, 6 and © hre, aller lpoleps injecbtlon,
gineo a simllser piloture was obbained al eseh bime inberval
{gee Table 18 for s%ﬁﬁigﬁiﬂé& snatysis}, lgure L0 illustrabes
this point diagramsticslly by showing the E/g vabio for bobh

®%p ana g upbolke inbp BHA et 3§, 6 and 9 hvs,

Tpobope Upbake by Difforent Liver Gell Frachions.

Rabs fagbing after p probein-conboining dileb exbibit a
low upbake of isolbopes into Liver BHA (¥ig.6). If this is
due bo dilntlon of BHA precursors by RHA brealdown producte,
3% is 1ikely %h&t‘yraeursafs of REA In 21l parbs of the Liver
gell will be affecbed, For thls reason, we exemined Incorporn-

tion of S8p into the BUA of dliffexont oold Lrachiong undoyp
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vardons dlebary eondiblouns (Table 19). In the cage of rabs
Pagbing efter the yrotelin-eomtaining dlebt, the WA In 2ll
gell fractions exhiblited g2 low uptake of the isobope, O
feeding protaein Lo such aﬁimamﬁﬁ “2p lncorporabion rose PO
portionally in the diflferent fractions, g may bo con-
teapbed with the effect of changes in probtein intake on the
total amownt of HEA in these fractlions, Wilktamanayelke, Heagy
and Munre (1963) Pound that only the RNA of ¥the microzomal
frecbion {gsedimonted ol 20,0008) and possibly the nuelesr HNA
uiderwend alboratlong in amoun® when prolein inbtalke was allered,
This finding ie nobt compatlible with the lsovople daba given in
Toble 19 1f we believe that the Increased S2p upbake obgserved
after Feeding protein ls due ke an increased rabe of RNA syne
thesisy In that casze, Incrsascd 98p Incorporabion ought %o

be conflined to the Lrachtlon ehanglng in smount. The quantli-
habive data and ihe lsobople eovidence cen, however; be recon-
elled 1T we asgame that vaprlablons in dilutlom by microsomsld
WA bresldown affeect the labelling of a proecursor pool comuon
bo 2ll cell Lractions,

A& similer study on the effeeh of probeln intake on the
uptake of 9%p hy the lipid P (1LP) of the differont cell fractions
(Table 80) Irdicates bhat dlebary probeln aflfects the uptake of
S8p by LP in 2 sinilar menner Ho the effsct oo REA, bub this
ocourg bo only o very slight exbent In the whole homogenebe,

nuclel, mivochondria and wicrosomes and not ab all In the cell




Table 281,

Incorporebion of 98P inbe RNA of dlffevent frocbions
of bthe Llvers of pabs recelving va%iﬁns diets and
Eilled & hr, after the lajecblon of BO ueo ga@. The
date are expressed as mean RB.8.A, of S8p of RA

mucleobidos relative to R.8B.4A, of LP exprouged as a

pergonbage.,
Cell Fractlion
- Dleb Whole Homo«] Nuelei] Mitochondrlal Micresomes| foll Sap
' %mmim . ‘
Protein=free | o o 564 , .
- Probolinecon-

talning 11.6 S o 6.2 9.9 11,9
{fosbing) :
Proboin-comn-
taining 21,8 GL.4& | 14,8 | 14,4 25,1
{(fod) ‘
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- ’ . r;:;(, . .
sap. However, a plobt of RHA-I2P againg LP<"%P ghows that the
RUA efféct is much move profound (Table 21), This ig in asgreoa-
mont with the Pindings of Wikvamanoyake ob al, {(1953) thal upe

REN . s L/ . ., k ] 3 E: i S St oy &
Salie of 98P by 1ipid P iz not affected by the feeding of proteln,

Dlet snd Allanboln Txeveidon.

Binco allantoln is the princlpal omeretory product of
purine mebabolism in the raty 1t wag thought thet arinery ow -
mat of allsnboin might eefllect changes in the rate of REA
breakdowsni, Unine ws collesbed from rabs over a 84 hr, perlod
of fasting following diebts conbaining proteln or froe fronm
proveing in edditlon, one group was fed protein throughout the
fd e, ?@ﬁiﬁﬁ, In geder Ho minimise varistions In allantolin
“pubpul resulbliong from incomplebs volding of urlne, the resulis

wore expreaped in relation bo oreabinine oubput, which was
“agsuwned to be waffesbed by dieb, Teble 22 ghowg thet the
feeding of proteln reduced cabput by comparison with the oub-
pub of rets fasbing afver the proteln-coninlining dlet,
Stetisbloal snalysis showa that this effech ly signillicant at
the 5% level é?&bie 23) ihils Clnding ds compablble wibth the
hyvobheslis that RUA brealdown ls dimninished by feedlng protein,
In contyrast bo the findings in these two groups, the ail&m%é&m
excrablon of rate fasbing alfber the proteln-Lree &i@% wag Lfound
be vary significently wilth the energy coantent of the preceding

diet (Table 88), DBnorgy level in the preceding dled Ald nob




The urinary oubpub
fod protein during

different dletn,

Tablo 88,

8 84 hy, period following

moplieationsg of the experimenti.

of allsntoin by rabg fasbed op

The daba ave the moong of agix

Previous - Fed duzing mg,(&11&mtmin/mg.aﬁ@atimim@
@iﬁﬁ gig&gﬁﬁgﬁn High energy Low energy
Probelin-free N1l 3,97 5,038
Proteln-conbaining Nil 4,40 & , B
Probein 4,02 3,99

Protein-conbaining|




Table 89,

Steblistleal analysis of offent of dlet on the
cexeovetlon of allantoin In the uwelne,  Date for
apalyals obbained Lrom Table 282,

Sourse of Dogreoos| Sum of Squares) Mean Square Verlance
Variation of - AP)
| Freefom
Tobal squares 586 387,718 - -
Halin Bffects
Enevgy levelsf 1 47,089 47 4 089 B4 s
Probelin levels ] 43,618 20,807 D7

Interactlion 2 70,688 BB ,345 4, 0

Besidual Brror 30 - 216,331 - 7,211

Por 2 and 30 F ab 8% = 3.32

at 1% = 5,39
Analysls shows ﬁhat‘prbt@in:lﬁval of the diet has a
“algniilcant effect and energy level a highly slgnificant

offect on allenboin excretlion in the urine.,
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ok

have his efleet op pabte of logg of WA from the Livers of
fagting anlmals (Tebles 13,14) and the offeet of previcus
enowgy intake on allanboln emeretion iz preosumably due Lo other

CauBGES .,
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DISCUSSION,

As already lndleated, bthe parbicipailion of RNA in pro-
tein gynthesise was ovipinally suspechoed because of the large
amount of BNA found in cells with o high rale of protein
synthesls, Hevertheless, abtemphte to demonsirabe a relablon.
ship between rabe of proboln synbhesls and upbake of isotopes
by BHA have someblmes ylelded pegabtive vesulbs, sy summarized
in the Anbroduction Lo thiy theais,

The present experiments indleabe the occurrvence of a
sinllar dissociabion bebweon probein synbhesils and BEA syn-
ﬁhmsi& in the a@se of liven, Comparlaon ofl raba recelving a
moal of protein at the time of lsobope injecblon with snimels
Pasgbing alber several days on a proteinfree dieb reveslod a
considerable stimnlabion of 1%G«giyaime Incorporatlon into the
liver probteins of the protein fed group (¥1g.5). Nevertheless,
the two groups showed gn cssenblally similay upbake of 2p ana
@f‘l%ﬁwglyeima inbe HHA, This ls In agvoement with resulbs
obbained by Hunro ot al, (1953) who fﬁuﬂﬁ,ﬁhaﬁ, when raits vew
eoilved @iﬁhﬁ@'a protein-Lfeee or proteln<conteining diet durlng
the period of labelling the absolube rabe of S8y upbake by RIA
wag independsent of the proteln content of the dieb bub dependont
on the enexgy conbeni, Howevery oup prosent experimenits showed
that rats fasting afber o dlet containing proteln had a much
roduced uptake of isobopes Inbo A (Fig.6). Unlike tle othew

two groups, bhe BYA conbtent of the livers of these anlwels wasm
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diminishing wpldly during the perled of labelling (Fig.7 end
Table 13) and it bhas been concluded that the low lsobope up-
take of this group wes due Ho dilution ﬁf'@?@ﬂﬁ?ﬁ@ﬁé wikh
brealdown produchs, Subsoquent experiments showed that bho
purdne baseg of the preeursor peol did in fach oxhibiv 2 low
upbake of glyeine undey these conditlons (Flg.9 and Table 15),
bhat reducblon In the lebelling of asdenine and guanine dliffewed
in the way one would anbleipobe from dilublon (Table 16 and
Flge10), that changes in S€p upbake were spread over all sube
coellular fractions In o manner compatible with dllublon of a
comuon procursor pool (fable 19), and that allantoin oxerebion
wes gronver in fasbing then in protein-fed enimels (Table 22),
Since avmmw of dilutlon was ewlitly obliberated on feeding
protoin, we have coneluded bhat breakdown of BNA is parbly op
cwholly suspoended whils the diebary smino acids are being abe
sorbed from Lhe gub,

Pregumably bthere is some sort of relebionship botween
bhe stability of llver A and the avallaebillivy of amino acids
fop pvot@innaymﬁhﬁsmﬁ, so that a gilven level of amine acld
supply confers abebllity on a certaln quentliby of HIA, HHIGRES
in the case of probein~depleted rats, the diminished smount of
HEA in their livers is eguilibrated wilth the reduced supply of
amine acids in elrcoulation,  Similerly, the larger amount of
R4 in the livers of vats recelving a pxi@%immaanmmmg diet

can be wmeinbainsd in a sbable sbate mo long as the anlmals
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continue to vrecelve preteln. v ls durlng transiilon fyom

one nubritional sbate to anocther (e.z., during & short period
of fosting afber o dlot conbeining protein) thab we obuorve
ﬁfﬁ@mﬁ@;@m@ bo imbalence betweeon amino acid supply and the
amount of RNA. These effects wlll continue bo be evident
unbll a nevw eguilibrium bebtween the amount of BNA and the supply
of amine scidg ls achleved, he Lindings of Munvo ot al,
(L083) arve a steiking Illustration of this sinmce bhey Found
(Fig,11) that when rabe preovieusly recolving adeguabe amountbs
0f probein were vhen glven a proteinsfvee dlet, the m@tak@.af
98p by the RNAP of the livew, expressed as m%latiﬁﬁ apecilic
acbivity, Toll by more than half in the firat 284 hr., This wasn
Followed by a rige to bthe expscbed high upbake on the proteine
free dlet Tfrom the second day onwards, This fall in rvelatlve
speeifle acbiviby coinclded with the £2ll in botal amount of
REAP in the Liver and eould De explalned by the fact that break-
down of RHA duving the fipst 24 hr., of prolein deficieney would
Tlood the Liver with breakdouwn produets of RNA and this would
have n diluent effect on REA @EQG&PQ@W&, wlth consequont ro-
duetlon in the laebellling of RNA,

The pleture of HBNA metabollam which smerges from tho
present atudy ls thus én&'af a sbteady synthesls of REA in pros
porblon to the supply of energy, varlatlong in the amouni of
R¥A bheing brought about by albtepations in the wate of lbs

hreakdown In rvesponse Lo changes in the supply of amlno adids
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avallable Jowr proteln synthesals, This view of the relatlon-
ghip between HHA metabolism and probelin synthosis would
eccount Tor the Ffaebt thal vissues with a high rate of proteln
synthesls have o lerge conbtenhk of B4, yet do not exhibit a
raleed vate of RUA formabion {(of., Kihavsa, Awmeno, Tkemoto &
Sibabani, 1953),

In view of bhe recent discovery {(Grunberg-Manago, Orbisz
& Ochiog, 19886) of an enzyme sysbtem whileh can polymerise nueleo-
side diphosphates to RNA-1ike conpounds it is of interesh Ho
conglder vhether our present data ave ecompatible with RNA
precursors of this bype, Table 16 showg thab the warilous
dlobary conmdibions used 1ln our experiments affected the labelling
of adenine and guanine differvently, whereas (Table 1L7) bthe
specific activity of %P was ossenblally similar in all four
rivouweleotides wader tlhege dlfferont mubritional conditlons,
This is proclsely what one would sxpect i adenosine- and
granoaine-diphoaphabes aye Inmsdiste preovursors of RUA, R
cont studies by Bruum, Pobier and Slekevitz (1956) have ghown
that ihe acld~lablile atows of adenosine~ and gusnosine-diphog~
phated, as well aa those of ithe other nuclepside-diphosphates,
are in faclile eguilibrdum, In consegquenes, even I1i HHA breal-
down leads Lo uweegqual dilubtlon of the pools of adenosinee and
guanosine~diphogphates, the bterminel P atoms would ab once

B b . h » 1 ™ . ‘? 1
equilibwabte and resuld in pimiler spocific acbiviities of “2?,
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However, bthe rate of converslon of asdenine to guanioe 1s
mzch slower (Bennebtt & Krusckel, 1955). so thebt uwnegual diluw
Hlon of the bases of ADF and GDP during RVA brealkdown would
persish, It hes been shouwn by Brumm eb al, (19566) thal the

P atoms of adenosine~ md gusnosine-monophogphates are nob 8o
readily exchanged as ave the high snergy P atomsy congsoeguents-
1y, uwnder our experimental condltions, they are less acceptable
ag Likely precursors Grunberg-lanago et ali, (1858) have
shown that thoelir engyme is reverasible and can lead o nueleo~
gide dipbosphate formeblon fpom the RNA polymew. It ds thus
nogusible thoat breglidown produchs regponsible Loy the dilublon
of BEA precuraoyrs in ow esxporiments ave in fashb ADP apd GDP
thenselves. If g0, we have the Intersgting slbuation in
whleh the peoint of equillbrima between nuclesside diphosphabes
and RHA fe dotormined by the supply of awine eeids available

Por proteln gynthesls,




SECTION IL.

gpraxs or o.omremn anp %Rr my ravae

BEIBONY CLEIC ACLD WHEN PROTRIN TS ADNINISTRRED
TO_PROTETNDEPLITED ANIEALS,
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IHTROTVU CPTON,

In the previous section we fownd thabt protein de.-
pletlon resulbed in a Lreskdown of liver RNA am evidenced
by & fall In BNA content and diludbion of the precursors of
RiA gynthesis, It was concluded that thoe amount of RYA held
In stable form is relabed to the sapply of amlno acids, From
the woerlk of Munre et al. (1953) we hnow that this loss of RNA
veaches o sbeady sbabe, sinee they found thet, when there isg
& trapgition from a protelp-pontaining dleb %o a proboin-ires
diet, the fall in smount of livey RHA is followed by & con-
abant lower level (sse Filg.ll, Sechbion ¥ of thls thesis),
Ve et asswne bherefove that theve is a readlustment botween
the amine acld swpply and the emouwnt of HEA held in stable
form and when this lg achileved o sbeady stabe or platoau 1o«
glon will wesull, We Lnow from the work of Munro et al,
(1953) thet, once thila sbtable sbabe is obbained, 92p incor-
porabtlon inteo WA 1ls the same ag uplake oun & probvein-containe
ing dlet (FPig.ll, tobal relabive aecbivity). Sivnce RNA does
nob agcumulate duriang protein deficiency, this must mesn bheb
bregkdown (burover) conbtinues on a protein-deficlent diet ab
a neormal rabe, Feedlng of probtelin to thome deplebted animels
ghould therefowre wesult In the same cessebion of HIA brealke
down nobed in Sectilon 1, :im congeguence of altsratlons in

dilatlion of the precurscor pool with brealdown products, this
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should thewxeforve produce changes ln RNA labelling compablible
with the plebture prssenbed In Sechion I, We have according-
1y ecarried out oxperiments on vabs deplebed by feeding o

protein-Tres diot and refod probteln on the day of injocbion

with DEp &nﬁ.3%ﬁwglyﬁin&a
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EXPERIMENTAL

Balmals and Diebs, ¥Young male albino rabs woelghing

180800 g. in tho fasting state were used, The vabs were
housed imdivi&maily in metabolism cages snd meinbained under
thermosbatlic condltions, The rats were fed for ¥ days on a

diet freo freu probeln, The dliebt wag given in bwo porblons,

1.0 g, VU,E, {(goe ¥able B) end 3.5 g, glucose at 9 a,.n, end

448 g. proveln-free dieb (Table 28) at 4 p.m, The energy con-
bent of the dlet was maintained ab 1200 sal,/sq.m./day bthroughoub
the 7 days, The food was prepaved snd piven to the rabs as

previously deserlbed in Seebion I,

Leobone Admindebypblon. The rats vecelved their lasb
menl at & pan, on the ¥R doy and on the following mowning
they were injected Witb.ﬁﬁP {lﬁ*pc* inorgenic B/100 g, hody
why ) and &%ﬁmzwglyciu@ (10 p&/l&@ 5. body wk,), ore lnjection
inte each thigh, In addlitlon, hall the animmls were fed
2.5 g. cageln solubllized with 0,15 g. Haﬁﬁﬂﬁ one hour priowy
to injection of Iisotope, e rest belng kept in the fasbing
sbabo, The anlmals wewe killed at 3, 6 and ¢ hours sfbep
fgotope injeobion. The ezmpeviments on the labelling of the
porine precursor pools were caprlied oub separabely and bhe
animals wexe killed at only bwo bime Intervals, 3 and 6 hr,

afber injesblion,
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Liver Analysis. The livers of the animals were

apalysed by the methods descpibed in Section T for tobal
smounts of probteln N, RHAP and INAP; specific acbiviby of

1‘& el a
inorganic P and free-glycine; upbake of 7 Ceglyeine inbo

B2y 14

woteing upbake of Ceglycine inbo RIA; and upe
7

y’ ‘{3’ : - A |
“Howglyeine inte avld-soluble purines,

5nd

talkke of
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BESUTAE AND DISCUSEION,

Table 2¢ conbaing the basle daba obbalined from thege
exporinents and Table 25 glves the total incorporation rates
sxpressed 28 totel relative acbivity (T.BiAJ). Ouing bo
logges, the adendne dabta are boo incomplete Lo be worthy of
Ineluelion in Table 285, Table 20 shows bhat feeding of pro-
tein Lo aninals fasting afber o protein-free dleobt couses ine
creased in@@wp@raﬁiwn\ﬂf'l%@wglyein@ into prodein and an ine
creased Incovporabtlon Qf‘aaP and 1ﬁﬂw@1§@iﬂe Inbo BNA, i
thene increased T,R.A.s of BNA pellect an iIncressed rate of
synthesis of INA, 1t wmight be antleipated vhat the ratio of
the inayaase in 53? incorporation {l.e,, ratio of T.R.A, of
fod mimals/T,R,A, of Fasted animals) would be the same as

I ” v . . _ .5
1ieaglyeimm‘ However 1t will be seen {Tobls 25)

Phat fmx
vhat the T,R.A, of 2P of RUA in fod animels le twice thab
of the fagbed group, whoreas the T,R,A, of lﬁ@m@lyeina oF
Hid-guenine is five bimes greater in the fod snimals. e
fool, thewefore, that those findings can bo wmore adequabely
explained in berms of dlelary protoin rvebarding the rabe of
breghkdown of RNA, The different effecls on 1&ﬂwg1yeina arxd
3ﬁ? upbake would bthen he ezplaelned ag due bto diffewring dilu-
vion effeots on the p@@@mrﬂér pools of gunanine and of 38p in
the menner discussed in the preceding seciion,

This inbtevprebation iz confirmed by an examination of
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14 . o -
Cuglycine ingorpovation into the acld-goluble purines

{(Fable 26), The feeding of caseln csusea a dramablie rlse

in aéﬁwglyﬁixﬁ upbake te which the REA picture wmust be. second-
avy. A point of difference from the vesulbs nobed in Section
T lies in the wvesponse of bhe %{& ratio o the feeding of
protein, We find (Pable 26) that, whon probeln ls fed Lo
enimals deplebed of probein, Tthere s a fall in the &/p ratio
at esch time Inberwal, whereas the feoeding of probelin %o

raby fasbing afber a high-probein dielt {(Table 18 and Fig,10)
regulied 1 a rise In the %A& vatlo, This difference is
obviouwsly relabed to the probvein conbent of the preceding
diet, It i&'ﬁﬁﬁﬁinﬁ bo explain this ﬁifﬁ@r@mﬁe-by o Cione
sideration of sowe wesulibs obbalned by Alliscon (1988), who
gshowed thet feeding of methleonlns to probteln~dsplebed rabs
had a conserving effect on body W, Whils is presumably due

to the fact that the amino-acid pool of the livers of rabs pe-
celving o protein-free dict becomss guickly deficlent in
mathionine as o result of the high denand for this amine acid
for the synbhesie of sulphur-conbalinlng probeins. In this
way, the feoding of a probein~froe diet might e regarded as
similoy to supplying the enlwmal with an anlno-aeld wlizbuve
deficient in one cgsentisl amlne acild, VWhen @aﬁein lg fed,
bhe smino-acid wizxture olvculabtlng bto the liver will no longer

exhiblt the defliciency, This Interprebation lz compabible
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with sbudies on amino acld miﬁﬁmyea repeavbed in Section IIX
of this thesls, Thoaso dete show that the addition of the
migsing amino acid tn an inecomplebe amine seid wixbure T
gulbs in a change in %/ﬁ ratlo in the zsme dlrectblon ag that
observed vhon ceseln iz fed to the protsin-dapleted animals,
We must conelnde, thewelore, that Leedling of protein
to snimals deplebed of protelin produces a decrsase in the
rate of HEA breakdown simllar to that obbained Uy feeding

probelin to animals fesblng alber o protein-conbaining dieb,




SECETON XXX,

SHE BEFRCT OF FEEDING COMPIETE AND INCOMPLETE

ANMINO-ACTD MIXTURES OF THE U?ﬁ%ﬁi&‘} O LADELLED

PRECURSORS INTO THE PURING AND PYRINMIDING

DASES OfFf BAT LIVER,
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INTROTU CTION ,

Ouy dabte Indlcate that feeding of probveln o animals
Paagbing albter olther a proteln«lrse or prolein-contalning
dleb couses & veducblon in BNA breakdown, lyrvogpechblve of
the @Wﬂﬁein)ﬂam%anﬁ of the preceding dleb, Ag a loglcal
seguel to the work in Sections I and IL, we decided there-
Ffore to study the effect of fesding amino-aeld mixbures to
rabs previgusly deplebed of protein, A comparison was made
bebuween a eam@l&ta amino-acld mizxbure and one defleclisont in
one essential amine acld, on the supposibion that a complebe
amino-aeid miwﬁﬁﬂa wonld stimnlate probelin synthesis and &
defleient one would nob, léﬂﬁﬁaﬁiyein@ and I%Gﬁ@ﬁﬁyﬁﬁiﬁ
aold were the labelled precursors used in these studles and
thole upbake s were measured In btwo independent series of
experinents, one for Lebelled pglycine ond the obther for ovoible
acld, T lﬁﬁaglyﬁim@ was used bo measure the upbake of
LG into @r&ﬁ@im and puvines of HA and the ascid-gsoluble
fraction and 1%0woreti& aeld vas used to follow bhe upbake
of %g into RNA pyvimidines only. Owing fo the much lavgoer
igobopo upbekes obbained afber injection of l&ﬁuglyeinﬂ inbvo
proteln~depleted rats (see Sectlon II), the animels used in
the inltial szperimenits were firé%afed on & proteln-deficient

dieb.
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EXPERIMENPAL,

Animals and Diebs, Young male albine rabs weighling 180w

200 g, in the fasbing stabte were used, The rats were

housed individuslly in wmebabolism cages and mainbained under
thernmosbabic condilblona, The rats wers Ted Tor 7 days onn a
protelin-Lfroe dled as degeribed in Secblon IIX, in a few
later exzperiments, »abts were also fed during the prepapabory

‘perded on the proteln-contalning dlet (Seetion I),

igobope Adwinlstratlon, The rate vecelvod bthelr last meal

at 4 p.m, on the ?ﬁh-d&y of the dlet and on the FTollowing morn-
ing they were Injected lube the thigh mageles with olbher
1¢$nﬁ~glyeim@ (l@-yﬁylﬁ@~g@ body wh,) or 1%Gwﬁﬁarmﬁie acld

{in the fired aﬁgarimmmt the dose lovel waa l‘qulﬂﬂ g. hody
vi, and in subsequend experiments Mls wesg increased bo

2pe/1L00 g body whb.,  However, the final activibties in these
later exporiments weve caleulabed to o sbandard dosoe of 1 FQ/
100 g. finel vody wh.). A few minubes prior bo lsotope ine-
Jection, each vat wan fed an amino~acid mixbure by sbomach
tube. The anlwals were killed ab 1%, 3 and 6 hr, afier In-

Jeetion of laobope.

Amino-teld Mixtuces, These mizbures were based on Lthe mizture
of eagsential mmlpo aelds recommended by Rose, Oegbeiling and

Womaek (1948) for wmainbtenance of growih of rats except thab




Table 87.

Composition of complebte amino-ecld mixbure adminlistered Lo
rabs,

A felative proportlons
Amount per ralb of eagentlal amino
aclds for ratg®

IrValine 100 mg, 85
L-Tivie trio 120 mg. 1060
Li«flgoleucine 80 ng . 8%
&%Gyéﬁim@ 20 mg. } -
L=leothionine 80 mg,
L-Threonine 70 g, 56
Lwﬁhﬁnylalanin@ 1280 mg.

156
LeTyrosine 60 mg.
Leliyalne JHCL | 250 mge 100+
LmHistidine ,HCL 05 mg. 584
Lnﬁrginin@.ﬁﬁl 50 mg. S04
LelAlanine | 20 mg., o
TesProline 20 mg. -
L-pAgpartic acld - B0 mg, | -
L-Glubamic scid 200 mg, -
L=Tryptophan B0 mg. 35
Sod, bicarbonabe 187 g, -

#After Rose eb al, (1948)

4As free amino acld,
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gly&iﬂe wag.mmiﬁ%aﬁ to prevent dilublon of 1%¢—glyain®*

Pable B7 shows the contents of thlsg emino-scld mixituve end the
amounts of each fod Lo one ralb, This bable also glves the
mixture of Roge et al, for compavison, It might be pointed
mﬁﬁ that 2.5 g. caseln, l.e,, the amounb of protein fed in
'yr@viema erperimenbs, is egulvalent teo 1,4 g. of the ten
@ﬁﬁéﬂﬁi&l amine aclds pius L-byrosine and Lecysbine, By oot
parigon, 1.1 g. of essential aming aclds waé‘aappiiad hé each
raﬁ'im the se exp@%ﬁm@ﬁfﬁﬂ. The procedure Tor preparving bthis
mnixbture for use was te mix the bobal amino acid requirement
foe bthe whﬁig experiment, omibdling L-brypbophan, with some dige-
%illaﬁ wa#ay§ heat genbtly uwntll «ll the amino aecids were sufw
pended in solublon, cool, add the sodium bicavrbonate and mslke
wp o o known volume (bhe rab recelved Lie wequlrvement of
;émim@ aclds In 5 mi, of solution)., The solublon wes bhalved,
dné half recelving bthe Lebryptophan, Thus we have twe mizbures,
one convaining all the essenblal amino scids, the obher helng
an identlcnl mizbure mimue t ryptophan, The deficient aming-
acid wmizxbure was btesbed for the presence of fraces ol brypto-
phan, wmich'migh@~ec@ur gs impuribies in other amino zelds,

hy peper @hﬁﬁﬁﬁﬁﬁgﬁﬁpb&'&m@.ﬁﬁﬁ?ﬁbiﬁlﬂgi&&l aggay, and ylslded

negative results,

Liver Anslysis,

14

{a) Experimeénts with T~ C-Regiyeine, The livers of the
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animals were analysed by the methods desecribed in Becitlon I
for total amownts of protein W, speeiflc acbivity of free
glycine, uptake of iéﬂwglyaim@ into protvelns and puriney of
BA and acld<goluble fraction,

(b)  Bxperlmen by wiﬁh;l&ﬁwﬁagraﬁia acid, The liver was

removed and RNA lsolated by the wodlified procedurs of Schmlidd
and Thannhovser {(1945) oo deseribed in Seetion I, It wae nob
necasgpry to carry oub bhe full purificabion of WA free from
proteln using sedinm dodecyl sulphabe, as degeribed in

Sectilon I, slinee bhe e op oretle acld 1s nobd Incorporabed
into llvewr proliein {Taxdbert & ?@tt@@; 1952), Accopdingly,
the followling procedure was adopted alber Lipld exbractlon,
The lipld<extracted powder was suspended In 50 ml, U<Hall

and & ml, 5% 3.D0.D.8%,, and heated in 2 boiling water«<habh fop
10 minubes with stlrpeing, The supernatent was filleved and
the wvemidue agein exbracted, The aucleic acids were pre-
ciplieted from tThe comblued exbracts by tho addltion of 2
volunes of ebhanol and allowsd bo sband for several hours ab
ﬁgg The precipitate was spun down and washed with 66%
gbhanel {(bwice), absolubte ethanol end ebher, The dry vesidue
wag sugpended in 0.3 ml, 0.5 N KOH and Inoubelbed ab &7% for

18 hr,  The digest was cooled In ice and the pH adjusted bto
L with a dvop of ice-cold 60% (¥/,) PCA,  The precipilbated

ECLOy was wemoved by cenbrifugation ab 0° and weshed twice
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with small smounts of water and supernatant and the washings
pooled,

The gpecific activitiles of the pyrimidine bases wers
meagsured by two independent procedures. The solublon of RVA
was dividéd inbo twoi one half was evaporabed to fdryness pnd
tho RYA nucleotides digested to the constibuent basgses by heab-
ing with 0,1 ml, 784 POA for 1 hp, ab 100° with occaslonal
stipvving (Wyabtt, 1951), The digest was cooled in ice and lce-
cold B N KOH added to bring the pHd to bebween 5 and ¥, The
KC10y4 and ecarbon were s@péraﬁaﬁ by centrifugation and the
adenine, gaanine, cybosine and uradll were separaled Ly btwo-
dimenslional chromatography on Whatman Ho,l using isopropasnol/
HOY water (65:16,5118,5) (Wyabt, 1951) and n-bubanocl/waber
(86:14). The chromatogroms were developed in the same direction
wibth absolube obheanol, which was found to renove ulbra-violebw
absorbing contaminents with 1lbtle movement of the bases,

The obthey half of ithe solution was wade N wiith vespect
to HO1 snd heated at 100° for 1 hy,, resulbing In a mixzbture of
parine bases and pyrimidine nucleotides (Markham & Smith,
1949), his mixbure was geparabed by bwo dimensional chromabow
graphy on VWhabman Ho,l poper, using the asame solvent gystems
described above,

The positions of the pyrimldine bases or nu@leatid@a

separated by elther method were debeebed by ulira-violet abe
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sorpllon and these sweas eud oub and elubted by shaking‘iﬂ )
gsboppered tesb-bube wlth 4 wl, 0,1 ¥ HCL and Incubabing ab 5?6
for 18 hp, Tabes were agaln shaken, paper centrlifuged down
and supernatant rvemoved and evaporabed to dryness,  The dry
residue was dsselved In 0.3 wml, HCL (eytasinahand,uraailg

0,1 Wy oybldrlie and uwrldylic acid, 0,01 H), 0.1 ml, was
vl&%&ﬁ oub on » mebal plonchebbe uging en 'Agla’ micromober
syringe snd drled under Infra-yed lomps, 0,1 ml, was baken
for ulbtra~violel absorpbion, Blank avess of the same

chroms bograms , @@r&agpamdimg In size to the aves occupled by
bhe basge,; wore &Eaa'@fagar@ﬁ In the same way for correcblon

of nltrawvioled absorpblon, However, those were nob evapopw
abted Lo dryness, The procedure deseribed by Urosble, Smellie
and Davidson {1953) Tfor the Q@ﬁﬁwmimﬂﬁi@n off the smounb of
bage or nueleoblds present by uwlbra~vioclet absorpblon measuro-
ments wes enployed,  The fipal speclfic actlvities (expressed
ag counbs/min./p mole) by the tuwo different methods of lao~
lablon showed an agveensnt o within $104 1n 211 cases (Tahle

29): ALl camples were counted at infialte thimess,
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RESULES AND DLSOUSSION,

In this section the btwo sulno-acid miztures used
{Table 87) differ only in that one eontalns bryptopkan and
ig mabridionally complete; vbereas the other ig deficlend
in this amino acld, In the following discussion the Tormey
mixture will be vefsrred to as the "gomplebe™ amine-scid
mizbure and the latber as the “incomplebe' amino-acid mizbunrs.
Table 28 compaves bthe effect of feading the complebe
and inecomplebs amino«acid mixbures to rabys Lasbing after a

op 1% Cegtyoine into probeins

provein-free dieb, oa Tthe upbalke
and the puvlues of A end bthe ascild-goluble Lyscbion of liver
ab various time Imbewvals after Injeetlon,  This comparison
shows that the a@diisz_?.om of beyptophan to the amino-acld mixbure
cauged a genevel ingreased synthesls of protoin, azg evidenced
by a vise in both provein N and tobal prelative acbivity.

This inerease in vrobelin synthesis is sccompanled by an ine
creased upbake of A Coglyeine inte the adenine of the acid-
goluble frecbion, On the other hand, the addlition of brypbo~

« ) } 4
phan o bhe mixture does not appoar o lncrease 34

Umglycine
upbake inve bhe acld~soluble guenine, As & resuli, the
guaning/adenine {G/A) retio (Table 88) folls when the aminow
acld nixgbore is complebed by sddiblon of bryphophan, This
change In 6/4 ratlo is confirmed when we turn to the .,

glyeline upbake by the bases of BIA, Onee more, bthe rablo
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falls with the nubribtlonally complebe mixbure,
It will be romembered bThat, ia Secebion I, s fall in
G/A ratlio oecurred when casein was administered to protein.

A
depleted animals recolving Lo,

glycine, This woasg abtribabed
bo the defleiency of methionine In the free amino-acld pool
of such snilmals and the effech of cazein was econsidewed to be
dug bo pellel of this deliciency. The present dava, indi-
cating 2 £all in G/4 wablo with complebe amino-acid mixbures,
is wholly compabible with this Intewprebabion of the expori-
ments in Secbion LI,

o thought 1L would be of Ilntercat bo make s gimilar
study of ithe pyrimidines of RWA, using Y. georotic aeld oo
o lebelled precursgor., Ag previcusly descorlbed in the Exporliw
mental of this secbion, we measuved the uplake of l%ﬂ*mr@tie
acid inbo WA pyrinidines by éaﬁérmining-ﬁha aéﬁiviﬁy.mf both
pyrimidine nueleotide ond base, Yo ensure that the method of
igolation wes sffechive, AT&E&@ 249 containg th@~@aﬁa chbained
Lrom thess exporiments and are the mean of 3 replicablons of
the ontive exgﬁgimamﬁw It can be geen that the bwo dilfferent
provedures glve resulbs which do nobt vary by wore than ﬁiﬁ%,
Since saue of the vadicachivities in the basey were low, thisg
degreo of agpeemend ls veasonable, Albhough the complete
auino-acid mwixture pwmﬁué@s an incroased incorporvatlon of

Mguopotic acid into eybosine (1,0., average of 5.A. of base
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and nucleobide) bhe activity of uwwacll (average of 8.4, of
base and aueleotide) remainsg velabively unaffected, In
paying thig, we must assume that the econcentrabtlon of labhelled
orobic acld In the Liver is egsontially similee for animals
fed on defieclent snd on complete amino-acld mixbures, Thaa
the overall effect of the complete 'mnixmam 18 mizbure ig to
produce a fall -:izi Mm rablo of the upbake of Yo snto uracid
relabtive o i;‘la.ezz upbake of Wif inbo cybosine {U/ i rabio).
However it musb be nobed that for scme, ab present, obseure
vaason this fall In the U/ ¢ ¥ablo ig less evident ab 3 hw.
We have, the m;ﬁ’*m«é, obbalned a change in upbale of
labelled preCursors Ilabo sdenine relative %o gronine, and
inbo eytosine relative bto ursell with addition of a single
anine seid te the nubeiment,  In Yoble &0 gve gathered sll
she pelevant dota, bogether with sbatlsbical anolysis of
Cthe significance of the ehan o8, Hince the changes appesy
e be dne prlmpily toe alberations in the labelling of adenine
me::i of oytosine rvabther ithan of guanine and of urecil, we
have choson Lo veverse Lthe veblos, giving them in Table 30
and Ffig.12 as ‘&/ ¢ @nd ag G}"@; gunanine and unrecil belng 1o~
gm*é&a:’i as bthe reoference basgos, b is mazavwmi: that the dew
croase in the btwo rabios produced by 'f:}z:ai'i‘s tlng brypbtophan 1
of similar megniiude for bobth ratlos, although ab the 5 hr,

inbezwel the fall in the G/U‘ reblo ls not so marked as Bhe




Fig,12,

Effect of Complete and Incomplete Amino Acid Mixtures on the
Uptake of '*C-Glycine into Guanine and Adenine and of “C-Orotic
Acid into Uracil and Cytosine of Rat Liver Ribonucleic Acid.
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change in vhe 8/, vatlo, Stablstleal enalysis (Teble 30)
ghows Thal hoth ratdog arve affechbed gignificantly by omltbing
trypbophon from the anino-aclid mizture., Flg.l2 illustzates
graphically bthe changes produced in the rabvies by feeding the
two amino-acid mizbures.

Jnce it appeawed that 1t was the eoblivitiss of the
Geamino basges (adenine end cybosine) which werse increasing
when bhe complete smino-acid mizbare was fed, the possibility
bhat these resulbs could he explained in @@ﬁma of the effech
of previous protein depleblon on the engypmle sysiems respon-
sible for the aminablion sbep in the fovmailon of those bages
mst be conslideped, Wnile the eachlvibles of mosb 1&?@?
enzymes have been shown o decrense during protein depletlon
edbher in properiion to the losas of Liver probeln or to a
greater extenl (Rosenthal, Rogers, Vers & FPerguson, 19503
Bapgonld, 19503 Helklehawm, Wells, Richert & Westerfeld, 1961},
Bhe acblvities of some enzymes wemaln unalbered, e.g., dis
pepbidase sebiviby (Bargoni, 1950) and an acbual incyrease in
the case of alkallne phosphabase actlvilty has beon veporbed
by Rosenthal; Pahl and Vawrs (189582), Thus It would appenr
bhat probeln depletion might produce marked albeprabtlons in
the mebabolie pabitorns of the liver cell, Vhile we have no
greciiic informablon on the effect of probelin deplebion on
the puyim@ anﬁApyrimiﬂin@ gyantheslsing syatems, Abrams and

Bentley (1955a, b) have ghown thab the bilosynthesls of edenylic




Pablo S1

The effect of Tesdlnp complebe and me@mple%@ mANG~
acld mixtures on the iﬂﬁ@?g@?&b&ﬁﬁ of 10.2upliycine
Into the purdnes of 1lver A of vabs fastlng afbor
mmmw a pyro boinefrec or o proboin-conbal mgxg diet
1% he, afbow im}m}w Injection, DPaba ave the moan
@? & r@pl&&aﬁi&as of the emperimenb. ’

8.4, of B.8.4, of BNA purines

Amino-acid) Pree glycine

Dot | Mizbure |c.p.m./100 pg | Adenind Guanine| O/,
glycine

Low Incomplete aves 1.10 2,85 2,08

Protedn Compléte 5448 | o1.09 | B.E3 | 1.8

figh | Tocomplete] 2199 1,15 | 0,86 | 0.53

Protein Compleibe 2058 . 1,00 0,55 0,60




Table ©8,

A compavison of the effeeks of feeding mixtures of
ogsenbial anino aclds either containing Lstrypio-
phan or deficlent 3ﬂ this sminc acld on the apbake
of Y*Cs8eovotie acid into WA pyerimldines of livers
of vabvs Lasbing elfber elbher a. dlet frea from pro-
tein or conbtalning protein w 1 bhre, afber isobepe

injection,
b L ﬁ;ﬁﬂ&mm%ﬁdmm - -
S (counba/min, /1 Mole) S.h, Uracil
) Amino-~acid standardlzed %o a doge Off o 3 ool
Provious nlxbure | 1'ﬁ@ﬁ/&ﬂ® &y Loy Whe wBu UFtasid
Diet fed i
| | Cybasine Uracll
Low Tneonplete | &8¢ - | 1194 5438
Probein | Gomplebe a4 1068 | 2,66
Hish Incomplate 286 | 960 3,82
Protein | Complebe 168 Gvo i 4., 00
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and guanylic aclds from inoginic aeld occors by twe different
pathways In bone-marrow prepavatlons. ‘i’imss thero iz a
possibllibty thet pweobein depletlon may alfect one p&xﬁhwgz:«;.r o
a greabor exbent than bhe obhewr,

Poy thls veason we declded to exowmine the effect of
foeding the differsnt amino-acid mixbures bo rabs fegbing
after a bigh-probtein diet, on the assumpblon that sueh a shopd
poriod of fasting would nebt produce any marked changes in
enzyaic activikles, Toe doba in Table 51, which are the
means of 4 replications, Indlicabe that the complebe emino-acid
mizbure fed o roabs fasting afbter o high~proteln dlet prow-
duces no deerease in the U/, vatlo of REA comparable bo bhab
of vabs prefed a protein-free diet (cf. Table £3), The
egffect of fesding complete and incomplebe amino-aeid miztures
bo yls recelving elblor a proteine-fyrée oy o protelin~conbaline
ing diet on the Y/g ravilo ls shown in Table 58, Uhile thewe
ls agedin o fall in the ratlo when the complete amino-acld
mizture is feod to protein-depleted animsls, feeding of the
complete mixbture produces no change ln bthe vablo U/ ¢ when the
animals are not probeln-deplebed, Since theee figures ere
depived from only one experlment, we feel thet they should not
be corvsideved as conelusive evidence bthab the U/ watio chenges
found In the preceding experiments are due bto depleblon hﬂs‘,:i:? -;;ifm

enzyme gysbem leading to oybtosine formaition,
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I% 1s thms seen thal the changes in 9/, ratios and
U/ o vablon obsewved with proteln~deplebed wabte bave nobt beon
paplicated with rats proviously fed a nernald proteln Inbake,
Ve sre, however, neb convinced thad bhis points inevibably
to on enzymic depletlon, since ondmals Pfasted overnlght afber
a probein-gontaning diet show such vielent fluctuabions in
G/p wvatio whon Pod probein (ef, Table 16), On these growmds
ve Dol thal rigorous proof of the significance of our £inde
Ings with lncomplete amine-acid mlzbures depends ultlmabely
on asgaying the activibles of these enzymes uwnder our varlons
mubyitional conditions, ,

I ia bhus perfeetly possible that the giving of an
Incomplets amino-acld nixbure can lead te abnorwalitles of
pretaln synthosia aceonpanied by elhmnges In the watio of tle
speeific eoblvitles of Gesmine to 6-kebo bases (/g snd C/y).
Slace we Imeow, in the cass of the purines, and must presame
in the ease of the pyrinidines, thet these changes ocour
primaprlly In the precursor poels, woe ave faged with a chelce
of two posglbilibles., HBibher the synbhesis of adenine and
aytosine is hﬁm@@r@ﬂ by the omission of one amine acld Lyom
the mizbare ~ eand one can only envisage this if the enszyme
systems leading to these G-aminoe bases are sspeclally sonw
altive to tpypbophan delliclency - or else the pracurser pools
of d-gmine bages and G-kelbo bases arve affectod Aiffevently by

dilutlon with RYNA breslkdown products vhen the awino aeid
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mixbure lg complete or incomplebe, Thet ls Lo say, an BHA

rieh in adenine and ogybosine is sensibive to compleboness op
incompleteness of the available amino aclds in elveulation,
vhereas an RS fracbion »leh in guanine and urscil responds

to smine seids in Tulk.

Thowse pesalbs are ol inbevest In view of some mcenbt
Tindings of Flson and Chargafd (198B), Thesge workers found
that bhe basgss wilith G-amino growps are approximately egual
In nwsber o thoze wilth d«-kebo groups In HIA isolabed Drom
HANY SoNrCos., They posbulate a gbructunre for RIA lunvelving
this velatlonship and discuss its posaible importance 2s &
Pemplate for protein synbthesls, polnting oub that this re-
Iatlicnghlp bebween thy f-amlno and S<hebto hases of WA is
only found in prepavabions Ofrowm which prebteln hesg nob beon
vamovad, Thisg suggests bthat the relotionship of these two
sets of bases may be assoclated with the funeblon of RNA in

probein synthesls,




SECTTON IV,

IR ACTION OF f3-8-THIENYLALANINE ON

PROTETN SYNTHESTS AND BNA TURIOVER IN

BAT-LIVER SLEICES AND CYVTOPLAGM,
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JHTROTOCLION ,

In the previous secblon we saw that omisslion of a
single esgentlal amine acld from the mixzbare in some unlmnoim
way affects BYA mobabollsm, We thought the nature of this
effect might becowe elearer if we atbacked the problem from
anobhier angle, namsly s t bleck proteln syntheslis by adalins
isteving an anino acld aanlogue,

| »2«Thienylolonine { B-2-TA) is lmown bo cause cesga-
tlon of growbh when fed to vais, by prevenbing the u‘izﬁ,:i.i:a‘ai:iﬂm
of 1te struebural analogue the essentlal wmine aclid, pmnyl%
alonine (Fewger & Do Vigneaud, 1949), Wo bthorefors chose
this analogue as an Inhiblior llkely te sult our purpese.

Those ezperiments were carried oub primerily on wab-
liver silces, ‘The adventage of an in vitro system of thig
type 1s thet 1t is dependent on the additions mmde Go the
systen for its nubritionsl vogulrenenbs, uwnlike the vﬂml:a:
animal sbtudles where the pleture is complicabed by leel of cone
trol of the conditions In the organ under study. Thug Slmp-
son, Farber ond Tarver (1980) found that injectlon of ethlonine,
aupposedly a apeelfic antagonist of methlonine, ceused ins
Ribition of lncorporabtlon of radiloseblve wethlonline Into liver
‘mﬁo‘hem but had a negliglble effech on the incorporablon of
methionine into kidney probein, These workers }paim‘s out bhat

the major iimibabion in vive studles ls the wacertninby of the
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entagonist/metabolite roablo exisbing in any one tissue over a
poprlod of blime,

Accordingly we cwmployed llver slices ag our sysbem Tfor
the gbudy of the action of £ ~2-Th on proboin and HRVA synbthes
ia in an éﬂs@:@mpﬁ: to esbabligh whether any velablonshilp could
he demonstrated bebween prolein gynbhesls snd BNA meiabollsm,

Tho eflect of f3-8+Th on liver-glice mebabolism was
of a more general nebure thon anbleipabed and the possiblliby
arose thab an asbion of MB-2+18 plhew than on protein synthesis
might account for chengses in BUA iﬁmmlism, Accordinglyy we B
deeldod to sbudy the aokion of (% «2-Th on 8 cell-freo sysbem,
namely, rab«liver oyboplasm, in an abtempb to esbablish vhether
the action of ﬁ ~24+TA on ineorporablon of padloscbive amino

acld wos accompanled by changos in RVA meotabollsm,
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E k&f,,a}\l’i BT, .

Aﬂiﬁﬂiﬁ‘ﬁﬂ@ Plet. Toung wale alblno vabs weighing 180-800 p.

in the fasbing stebe woere used, The rots regeived no prew
parabtory diet bub wore teken Lrom sdock snd Lfapbted overnightb

before BIlling.

Propavabtdon of Liver Slices, The rabe wewe kllled by sbuonning

p.z.u i}tfu L et T O s e s e P S0 BRSF ACERAAEE RPSRATSR Wlodebe e WA WY R WRAKRASEA BY

and exsoaguinatlion and the Llvens ﬁmmmved, drled and chlllsd,
The slices (0.3 mn, thickness) were pyopaved using the blasue-
ohopper deseribed by Hellwain eand Baddle (1983) and 400 ma,

of slices, welighed on the tevglon balanco, wers suspended in

& ml, Krebs«Ringev bloarbonste, pl 7.4 (Gubreil, Doeris &
Sbavifer, 1947) conbalning e warious addlitlons described be-

low, im £5 ml, conical flasla,

Proparabion of Cy boplasmic Pracgilon. The liver was romoved; -

chilled, minced with sclssors Doy B0 gec. and homogenised In
leo«eold Ereba-Ringer bicarbonate (1 g. liver/2 ml, Hrebs-
Ringer) for 30 seoe, using a Pobiovr<Blwsjhem (1938) glass homo-
g@ﬁiﬂ&? The homogenate was cenbrifuged ab 600 g. for 1O

min, at 0% (M.8.%, Vejor Refrigewabed Cenbrifuge) and the supov-
netant removed, 3 Wl of this eyboplasmice fracbion were added
o ench 25 ml, conlenl flaglk, The final voluwe in esnch floglk

afbor the necessory additions was & ml,
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# A , E B ] ‘?'?* 3
Additions to Flagks, In all exporimenbs l”ﬁw%»glymmm@

{1 po. per lask) was used to study the upbtake of isotopes
Into vhe preotelin of the liver-silees and eyboplesn, In e

few experiments SPg.methionine (8 pe, pern flask) was also nsod
Ho eabablish offects on probelin gynthosis, 82p iﬁﬁige‘ pey
flask) was uged to sbudy the turnover of 1ipid P and the P of
RUA mucleotifes and *EC-adenine (2 e per Clask) bo study

the RiAwpurine Lurnover. Hach isoboplc shudy was cerriled out
Independently on spocimeng Lrom the ssuwe lLiver, 5 B-Thlenyl-
alanive was added te sowe flagks (B mg, per flask) and in
egpbain cases Lephenylalanine (6 mg. per flask) was added in
con Junebion with /3&%“@&, - In the experiments using rabt-liver
eyboplasm d«phosphoglycerie acld (B0 p ¥ per Flask) and AT

(& pm'pﬁr‘fi&ﬁ%} were added ag a source of energy ln covbain
CEROS., Both w&&g@mﬁ&~iwupplﬁ@ﬁ‘by Light & Co,rLbd,.) vero cone-

verted te the pobassium selt before addltlon.

Igenbatblon Progedure, When all the necessary additlons had

beon, m&&a; the flasks were gassed with a mixbure of 5%

0p/ G0, and securcly sboppeved. They were incubated at 870
for 3 hrs with constent shaking. (120 strokes pew min,). Ab
The end of the incubation period fhe vencbion was stopped by
the addiblon mf 0.5 vol, ics-cold 305 f?/v} T¢h, Zovo biwe
conbrols were prepared for each lsolople study by the addition
of 0.5 vol, ice-sold 507 TCA dmmediateoly following all the

addliblons o the flesk, As Pfar as was posglble, thoge Inw
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cubation expe vlments were carrled out undor asephlc condiiions,
The exbent of besterial growth duping the incubation perlod wag
gatimated by plabtlng out o sample of the Iincubated maberial

on npgar end inewbating this plate for 84 he. ab 37", Bacbori+
al contaminatlion wasg shown bo im nagligible, Afteor addiblon
of B0% TCA bo the slices the proclpliabe was homogenised in

the eold in s Neleo Blendor for B wmin,

Proparabion of Probelin for Gounbing,  The precipliated probein

weg vashed twice with 10 wl, porbtions of ilee-cold 5% {’Wv )

oA, The nuelelc aclds wervs nob omeved from the é'e—:: Prepaps-
ﬁi@m bemmgsa 1L owas thought thaet the ineorporation of M‘fﬁm
glyeine inbo the nueleie acids would be negligible in & hy, |
The resldue wa g exbracted with 10 ml. porbtions of bthe Lipid
golvents s {3a§$;§-e§~.l wi th absolunbe ethanol, onee with ethenols
 ghiloroform i:fszz-i.) ,~  twlce with obthenol tethen (H+1) ancl anee with
e;ﬁwm The vesidue was dyled in alr ond sumiltbed Lo pipv-
formic acld i:i?&&.‘{nn@&& R This is used for the wemeval of wmobthyl

3

p L. Pt e G LW e ) e 3 & ' g . L
mevespbary (CINY; e bigdlkdown produchk of “H.methilonine, Linked

with the mzlph;s,nﬁ.xfgf!: groups of proteln by & dieniphide Linkage
{Grosnborg, 1956), However, the probein lebelled with ‘3‘%4
glyeine ’aﬁaa’ also mmﬂ*{;*’a@ﬂ to this treabmenb, whon 1% was fomd
that the mmﬁamﬁ.mxmm& af protelin by Lree 3«‘35%@1;;?@%1@3;@ in the
aevo tine spscinen cx?:mlz:i be reduced %o negllglble counbs by
this troabment. | o protein was dlssolved in 987 M )

formic aeld (1 ml,/15 mg, protein) and 30 vols, hydrogen pev-

PRGINRRSENRNNNNNNNNNNNNS S
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oxide (0.2 wml./15 wmeg. probe in), alloved to stand for B0 min,
at woom temporabure, 10 ’v@luméﬂ 8% W/ ) TOA were added
and the precipltote centpifuged, washed bwice with H% TCA
pad bwice with 280 nl, absolube ethanol and once with 20 ml.
othomr, The precipllabs .xfm;.g dried in aly az:‘x:«:xi then ground to
a fine powder in an sgabe noyber, Somples were counbed at
Infinite thickness end bhe romulis. exprogacd af counls pew

win, ab Infinibe thickoess for s sbtanderd srae of planchebbe,

S4p Doberminations, Tworganie P, 1ipld P end WAP (as indi

viduol mw}.-.ew%maa} ware ifaolated as descelbed in Sceblon I

and the speelfic pebivibtles debormined,.

Ao ipgen Ine Determingblons,  The BIA nueleobldes were Lgolab

od by lenophovesis es degewibed In Beotlon I, Adenylic and
suanylic acids wewve olubed i?:s;*r;%n “She paper with dlsbilled waben,
sInates evaporabed Lo ﬁlz*;maﬁgaé entt the pesidue Laken up in o
small velune of fsm*i;ai%,_. An aliguot was plated oub on & mebel
planchethte and counbed and an aligquot of the sawe volume used
Por P estlmabicn by the mebhod of Allen (1940) {Seotion I),

The pesulits wors expressed ag counbs pew min, p@g 100 PG« P,
The sebivitles obitalned Lor l”'g““fifmé@ﬁ;?z%m .%ii:mm*if;jﬁmaﬁim into RHA
are somewhat grude, ss—i;ﬂc;;é e gzt’eaﬁ*mm; :gat,’s;‘ c,izemm in bhe eluabe
from the lonophoresls papar conbribubed an wneorvectod thick-
ness factor teo the counbs, §i£§‘rﬁ?\§§‘§?@1§;}é~é@}@ changogs produced by

/3-£»’3‘-§%”5 ave of mweh magpltude that 'Eik.giés giffect can be didcounted,




- Table 33,

The effeet of a&dini /3-3-Th bo rabzliver slices
on the mg%a&e of 1 gw@wglyciﬂa and Y3-~methionine

by provein (1L Re,

feB=glyeiue and 2 neo, 995

methlonine added per flask), The probtein was
troated with performle acld before radio-activiby

determined, Incubation cavrled out at 37° for
3 hrs,
Specific activity of Probeln
Flask @awﬁta/min. at Infinite thickness
1@0~9~f1yeine 35$~m9thimnin@
- Conbrol 149 B9l
B-2=Th {5 mgy) 87 21
Zevro bime control 3 ' 51
%age inhibition
by /3 =2-Th 63 69




Table 34,

the effoct of the addition of /3 -2-TA and of a mixture

of /3 -2=TA and Lephenylalanine to liver slices on the
Ae. per flagk) by probein and

upbake of 1@6*%lya&me (1 ,
L (2 pe, per flask) by RIA and

the upbake of -
the upbake of 92P (25 Reé. per flesk) by
and BNA, Inoubations

Gmadonine

carrlod out at 37

ghaaphnlipiﬁ
“ for 3 hy,

by /8wl
by /2

S.A, of pro+ S,.A, of R,S.A. of ®HA B.3.4; of
baln (after| inopgand v iy Lipid
. troatment | lo P e | Ygendens P
Flask | with per- counbs/ | ine
formic aecld} wmin./
counts per 1Q@}M§F .
min, at in- R
finibe
thiclness
Zoro~ting 4 899,000 | 0,01 B 0,02
control
Control 589 587,000 | 0.37 38 1..580
/B =2~TA 242 550,000 | 0,18 8 1,80
(5 mg.)
/B 2T
(6 mg,) = |
Lmphonyld 445 817,000 | 0,24 21 1690
alonline
(5 mg, )
- Fge ine
hiblbion | g4 - 49 100 5%




RUSULIS AND DISCUSSTON,

The upbake of labelled amino solds by liver slices over
a & hy. perloed of incubabtion ls illusbtrated in Table 38, This
shows thot B-8-T4 Inhibits the upbtake not only of ;éﬁmzm
glyeine, but also ef ﬁﬁ%wm@ﬁhimmin@ In this systen, Tho
labter finding Indicates ¢learly ithat changes In 1%G*gly@ima
upbake inbeo protein descrlbed In laver btables of thils seetlon
apre not abbprlbutable o the presence of nuclele oelids in %hé
protein prepavablon, ﬁiﬁﬁ@Vﬁhﬁﬁg@B in the upbake of B0g.
methlonine cannot be accounded fov as due W aliered nuelele
acid metabollianm,

Table 34 copbains the resulbs obbained with rab-liver
aslices, and is btyplical of sewveral sueh emperimenis coryied oub,
3 is oppavent that B-2-T4 inhiblbed the upbake of 1%ﬁag1yaina
into proteln and of 92p and 1%ﬂw&d@ﬂine Inte REA to a moarked
extent, and that the presence of phenylalanine in egual concen
trabion bo [A-28-UA prevenbted the inhibltory aecblon of the
latter 0 o eonsiderable exbenkh, ‘Lﬁgid P turaover is also ine
hibised by {Swﬁum& gnd the Inhlibitory effect ig again abolished
by concurrent additlon of phenylalanine %o the medium, DT
viously innibitony effects are nob contined to proiein and
nueclele @eiﬁ.bﬁm\&lsa oconr with 1ipld P, It is Bhus elear
that {Smﬁmiﬂfha@ o more wldespread effect on cellulay mebabol lam

than anbiclpabed, Rablnovitz, Olsen and Greenbery (1954} have
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shown thot even the achlon of A-2-TA on the upbeke of amine
acids by the probein of Bhrilich ssclies carcinoma ceells is a
complicabed one, since there is evidence bthal it Interferoes
nob only with ithe acbtual ilnsorporatlon of amino awelds by the
proteln bub also with thelr agsgimilatlion Inbo the eells, A
1ikely way 4n whilch this could éaeur'mﬁula be bthigagh Intore
fevopnce wibth energy productlon or ublllzation, A hint of
guch an offect In ocur oxperiments lg that the glices in conw
tooct with SB-2-T4, unlike the others, retamed a plnk colour
aitey TCA precipltation, suggesting Interfevence with a oo«
plrotory plgment, This suggestlon iz furbher sirengthened by
the £indlungs of Gifford, Roberbuon and Syverbon (1954), who
noted that ,ngamg caunsed lmhiblilon of respiratlon of Holaw
cell culinres over o 78 by, peried of incubation, VWhen these
colls were nfeched with Type I poliomyelitls virus, f-2-TH
inhiblied the symbhesis of bthils virag ealy ab concenbrobions
whileh were inhlbitory to ithe megpirabtlon of the host cell.

n ovder o oliminebe this lrvelevent acblon of [-2-
TA and bo sbudy 1ts effect on BNA mebabollam in relation bo
changes in.@wahai§~ﬁymﬁh@ais~alan§, wo declded to use o coll-
free sysbem, nenely, liver cyvoplasm, in vwhieh J-phosphoglycor-
1c pold (B~PGA) and ATP ave present as onergy donors, thas
waleing the system independent of the need for conbinulng rege

pleation (ef, Zameonill & Keller, 1954),
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Table 35 Illustrates the offect of f(-2.Th on probein,
BRA snd Lipid P metabolligm of liver sllcesg and of llver cylbow
plagn, The resulbs obbalned with the liver slices confimm
our findlngs in Tablo 3% , namaly, that A-2-T4 inhiblbe the
uptake of lsotopes Inbo probein, RNA and phosphollipid, In
the golle~freo aysbem {eyboplesm) we wewe able bo demonstrabe
upbake of 1 Ceglycine by the probelin and this procoss vwas
stimalated by the addition of 3«P8A and ATP, PFurtheimore,
addibion of L-2<TA to the sysbem inhibltied the uptake of
glyeine inbo probeln, The npbake of S8p Py 1ipid P was also
sugmented on addlblon of $-POA and ATP bo the syutem, bub
fd-2-TA failed to affect this provess, This suggesbs that we
avo correct in Interprebing the asctlon of M-2+IA on the
metobolisn of sheogpholipid In “%:17;@ intect cell as a general one
Involving supply of oonergy for synthesis, In the inbtaect cell,
P-2-14 will reduco 2p upbale by eueh inberference, vhopoas
in the cell-lree sysbem 5-POA and ATP o¢liminate the necessiby
for an intest resplrabory mechanism., The craelal guestlon is,
of couwrse, will the effect of [F-2-TA on BIA metabolimm obw
served with liver slices also be abolished In the eell-Lreo
agystem Loy bhe ssme reason? Unforiunebely, lncorporatlon of
B2p and -s3£ g into HNA Is nepgligible in our cyboplasmic
gystem, in splte of the proscnce of J-PEA and ATP, and nwser-

oun obtempbs to devise an aclive system have been made by us
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with complebe laek of success, These negative expeorimenis
need nolb be Laboured heve.

Thus wo do nob lmow whether the inhlbitlon of lsobope
upteke by FIA In intact slices, when S«2.TA 1s added to the
wmediam, s connecbed wilth changes In probein synbthesis op
with some othewr cebion of thiz inhiblbow, Conpseguently, unbtil
a bettor pell~free gystem is evolved for concurrvent Invesblga-
wion of probvein and BNA wrnovew, this gquesbion cannob be

aepbtled,




SECTION vV,

STUDIRG ON RNA BREAKTOWN IN ISOLATED

MICROSONMES ,
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INTRODI GTION ,

In Secbion I of this thesis we found that fasting
afber a proteln-contalning dlet was aee@m@aniad‘by a2 broake
down of RWA in the liver and we obbained cvidence to
suggest that feeding probeln, that is, ensuring an ample
supply of dlebtsry amine aclds to sueh animals, caused a
comsablion of this breakdown, It eny abbompt 1s to be mnde
o elucldabe the mechanism of thlsg meblon of diletary protein
on REA stablliby, 14 is apparvent that a glmpler system then
the one provided by the whols anlmal must be devised, The
in vitro breakdown of RUA was thevelors explored, We know
from the findings of Wikramaneyake et al. (1953) that, when
rats ave fested after a protein-conbalning dlet, tho vew
duction in REA conbtent of the liver cccurs meinly in the
microgomal fraction, Accordingly we decided thatb ﬁhia'
fraction would be the most sensitlve Lo chenges in amino acid
supply and we have thevefore used a mlcrosomal preparation as
our in vibre system for shidying RVA brealkdown.,

Qur intenblon in this serles of invesbigations wag $o
pxoaming the effect of provious dlet on RNA brealkdown in
microsomes waintained In vliro over a poriod of a few hours,
Broakdown was estimated from the amount of RIA diaappeariﬁg
from the system, Asg an addibional measure of the breakdown

of RHA In the sysbem, we used the isobope dllubilon tecknlgue.
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We lunecubabed the microsomes in a meﬁium—aénﬁ&ﬁnimg léﬁu
adenlne and invesblpated any dllublon effeet produced on
_bhls isotepe by HNA brealkdown liberating unlabelled adenine
compounds Indo the mediam. However ; this work is in the
sarly stages of development and thils secblon conbtainsg only
e feow preliminery experiments involvlng the use of this in

vibre system,

AP A D
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EXPERIMENTAL

Animals and Diet, Young male albine rats welghing 180

200 g. In the fasted gtabe were used in all experiments.

The dlets adminlstered o the rats were ldentical wlth those
degserlibed in Seeblon I, namely, either proteln~contalning or
protein~free,  Throughout the dietary perlod the anlmmls
were fed at a single Intermediary enewrgy 1@#@1, 1e0.s

1200 cal,/sq.n./day for four days. Some of the anlmals
fagting &fﬁﬁ?‘ﬁhﬁ protveln~contalning diet ware fed caseln

1 hy, prior to isa%ep@ Injeetion,. Thus the animals were iIn
one of three nutritional sbates ab time of killing, namely,
fasting after a protein-froe diet, fasbing afber o proteln-
eontalning diet and actlvely absorbing aflber a8 proteln-cone

taining diet,

Igolation of microsomal fraction and lueubation procedure.

Animals in sach group were kiilﬁd by exsangoination under
ether anaesbhesla, livers perfused with 0,25 M-guerose (lee-
cold), removed, peooled and minced with scissors, This mince
was Ghen homogenised in lee-cold 0,25 MH-sucrose (1 g./10 mi,
0,25 M-sucrose) for 30 seconds using a Pobver-llvehjem (1956)
homogenisger, The homogenate was submitted Lo differvential
conbrifugation as described In Sectlon I (Flg.3) and the
microgomal Lractlion igolated, The isolated microsomes were

homogenised in lce-cold Q.85 Mesuerose (8 wml,) for 48 sees,




and aliguobts (3 ml.) placed in 25 ml, conlcal flasks cone-
taining 1,656 pil *0-g-adenine (2 pe.) dn L ml. 0,85 H-
sucrose solubtlon,

tonbents of flasks were gagsed with a mixture of 95%
On 2nd 5% ﬁég. The flasks weroe sboppered and Incubabed ab
579 for 2 he, with shaking (180 strokes/min,). AL the end
of the incubabion @éwiaﬁ ﬁh@-ﬁ@&@%i@ﬁpﬁ&s stopped by the
addltion of 0,5 velume ice~cold 2,1 I PCA, The precipibabed

preteim and nucledc aclds weve separeted as gulekly ag possible

from the acld supernabtant by cenbrliuging at 5,000 r.p.m, Lfor
5 min, ot 00 (M,8,B, Major rofrigerated contrifuge) snd the
regidue was washed bwlce with 1 ml. pordions 0.7 ¥ PCA, The
gupernetant snd washings weve flltered snd combined, Ak
timo controls were carried out with each diebary group and
this was done by preclipitating the conbenbs of the flask with
| 0,5 wol, loe=cold 2,1 ¥ PCA after the additlon of the nlero-
aomes and MHo.adenine and gepavating the preclpitated proteins

andd maclelc aclids as degeribod above,

Total RNA esbtlmatlons, In several ezpewrimenbts the bobal RNA

content of the Flasks was estimated, The precipltated pro-
tolns and nuelele aclds afber the last washing with 0,7 § PCA
were submlitted to a lipid exbractlen by washing with & ml.
peﬁﬁionaléf the 1ipid solvenbs as deseribed in Secbion I,

The dry residue was digested in ﬁ; NaOH (1.0 ml,) for 1B hr,

at 37° and the digest made up to a sultable volume (25 ml,)
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ﬁiﬁh water and duplicabe aliguots taken for rilbose egbimp-
tion by the orvcinol miethed (Kerr & Seraldarlan, 1945).
Orcinol reagent ils propared fresh dally by dissolving orcinol
in a solublon of 0,02% (Y/ ) Folly, 6,0 in concenbrabed HCL
(6 wg, oreinel per ml, of Fellg golubion), A known volumoe
of digést was added to a clean tube and the volume adjustoed
be & mil, with water, G ml, of the orveinol reagent wers
added and the btubes heated in a bHolling water<bath for 30 wmin,
The tubes were removed from the bath and ceoled for a few
minutes in a water-bath at 20° and the opbtical dengilties
measured in the S,P, 600 ab 685 ., Reagent blanks and
abandard ribose solublons wore estimated with each series of

tubes,

lagolatlon of acld-soluble sdenine, The filvered supernatantd

fluid and washings were adjusted to pH ¥ wilth ilee~cold 6 N
KOH, The preclpitated KCLOa was cenbrifuged down and washed
twlco with o small volume of water, The supernabont fluid
and washings were pooled and evaporated to dwyness at 100° on
a steam bath, The vesidue was btaken up in 1,0 ml, of 729
POA and digested for 1 hr, ab L00° in a stoppeved tube. This
converts all adenine-contoining compounds to free adenine.

The dlgest was cooled in 1ce and the pH adjusted to ¥ with
lce~cold B N KOH and the preelpitabed carbon and KCL0, centri-

fuged down and the supernabant £luild removed, The rosidue
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wag waghed twlce with a small volume of watevr, The pooled
gupernabtent £luld and washlngs were evapafaﬁed to o smeller
volume ig vACUD. This material was applled to Whatman No,l
éhrama%agraphy paper and submibted to two-dimensional chroma-
bography as deserlibed in Secblon ITII., Adenine was detectbed
on the chromabograms in ulbra-violet light, slubed and sho
S.4, debermined as deseribed in Secbion LTI, The asctiviby
of adenine s expregsed as counts @@r~min,/p mele adenine,
~In bthe f&ra% wo expeecimonts carried oub under these
condiblons, the amouni of adenine lsolated wasg veyy small,
Since 1,655 B moles of adenine were added Lo the medium as
radio-gebive adenine and this alone should provide sufificiend
adenine for lsolation by thils proecedure, It was realised thatb
the adenine In the wedlum was belng lavgely Losit ln the course
of lsoclebtion, A possible veason for this loss waz by ad-
gorphbion either onbo the miowpsowes in the tourvse of PUA
pracipliation or onbo the larvge amounts of carbon fovmed
durdng PCA digestion from bhe suerose present from the homo-
gendiging medium,  The Pormer possibllity was eliminabed vhen
counbting of the precipliated probelin and nual@ia acids of the-
mlorosomes afber the removal of the gupernaitant finld and
woshings indlcabted bhat bthis preciplvate gave a neglligible
counb, e bhave concluded therefore thab our maln souree éf
lasé was for bthe labbter veason, l.o,, by adsorpitlon onto the

carbon formed Auring PCA digestion, At the present time we
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have devised no method of eiveumventlng thils difficultby,

and its effect will be apparent when the resulits are con-

sidered,




RESULTS AND DISCUSSION,

Table 36 contains the results cbisined when we studled
the breskdown of RNA in rat-liver microgsomes in viibyo atb
intervels over an 8 hr, perled of incubaltlon when the rats
had been -in one of three mubritional condltions, namely,
i‘aﬁ*kiﬂg af ter & protein-free dilet, fasting after s probelinw-
conbalning dlet and w‘ﬁ;ﬁiv@l}.y ehasorbing aulno aclds from the
gab, RA was measured as ribose by the oreinol reachlon,

It ls muggesvive thal :‘:«m' WA breakdown la greabest in ihe
wicrosomes of those snimels vhich were faubing after & proiteln-
| conbaining diet and that the feeding of protein Lo such animalé
was accompanied by s deereage la this breakdoun, Thig find~
ing ds In keeping with the results obiained in Scebion I wibth
whole animil investigations, in which the evidence an ggosted
ceasablon of breaidown on fesding protelnm. It 1g obvious
from Table 56 that this method of estimating RiA brealdown in
vibro 1s somewhat insensibive for the small changes whileh occuwr,
Por this reason we docided to adoph an isobops dilubtion Bechw
nique, i.0., wo measured the dilution of Yo adenine in the
medium by breakdown produets of RHA, Thilg methoed ocught to be
2 very senslblve one, glven sulhable conditlons, The prin-

U,

clplo is Lo suspend the microsowes in & medlium centalinlng
adenine and then bo vecover the btotal speld-goluble adenine from

the medium, ¥We know from Sectlon IV that labelled adenine

is not incorporated into ﬁfm HNA of cell~free preparabtiona,
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The elfect of various nubritlonal conditions on the
breakdown of RNA In rat illiver microsomes in vibro
over & 2 hr. and an & hp, period of inﬁuhatimﬁ.

The livers of 2
@?ﬁmﬁs

purine vibose per flask,

anlmals were pooled in each diebary
The ?eaults are expressed as jg. Ria

Dok Tneubabion Time pirfevonce (%)
O he, 8 hre,{ 8 he, 0w . O=8 he,

Protein~free 1501 182.0) 142,06 otk w5

{fasbing) .
Protein~contaln-

ing (fasting) 198,580 187.1] 175.0 5,7 «11.8
Protein-contalin~ | : ‘

ing (fed) 163.5F 174.7] 161.0 +6,8 1,8
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Thevefore, 1f we recover the Botasl scld-goluble adenine at
the beglnnlag and at the end of the period of Incubatlion, any
raduction in its speclfic actlvibdy can be abtvibubed bo
dilution with unlabelled sdenineo-vontaining compounds derived
Trom RNA byeakdouwn.

Table 37 conbains the daba obbalned frow such an experie
ment, Owing to Lechnileal dlfficulilss we wers wable bo
obtain any datn on the changes occurring in the microsomes of
thoge anlmals actively abgorbing amino acids, However, 1t
is apparent (Table 37) that, in those animals which were Past-
Ing afber a proveln-comboining dlet, there is considerable
dilubion of aclid«acluble sdenine of the mediuwm during the 2 hp.
poricd of incubablon, whereas there is no change in the 8S.A,
of aglid-goluble adenine in micvosomes from animals fasting -
afber a protein-fres diet. This expeviment was not an enbilre-
Iy satisfactopry one, due to the fact thalt the amount of adenine
lsolatbed was wather small, ¥We thervefore dsclded bo rvepeabt
bhis ezperiment in conjunction with ribose esbimations of tebal
RHA In the sysben, In ordey to compave each procedure fop
changer in RUA breakdown,

Table 38 conbains the data from this ﬁﬁ@ﬁ?ﬁmﬁuﬁ‘&nﬁ.
shows The changes ocearring in bhe bLohal awmounb of HRNA over a
2 hr. period of ineubabion, The deta have heen ezxpressed ag
u moles of adenine by caleulation from the »rlbose figurves,

obtained by the orcinol esbimation, ueing values for the




dable SY.

The offect of profein-level in the dilet on REA
brealdown in Lliver mlerosomes as dndilcabed by
changes in bthe 8,4, of scldssoluble adenine afber

2 hi, incubation.

were poolad in each dletary group.

The livers of two animals

S.4, of aeids

Differonco

Ineubatlon soluble adenine! (%) over
Meb tlme c*p“mmfp mele 2 hy, incu~

(hr,) adenine bation

period

Protein-free 0 156,769 -2 8
{(Pasting) 2 148,784 *

Frobein-contalning o 189,661 55. 6
;‘3 k2

{fasting)

122,058
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adenine coubent of rg-w‘as Liver niec mmiﬁz@ BA found by Croshie,
Smellle and Davidson (1955}, Thogoe figmwas:agrae wilth prow—-
vious resulbs 1ln showlng that the greabtest breakdown of RBEA
oceurs in the microsomes of anlmals fasbing afber a bhighe
provein dlet; the change in the HNA content of the wmicrogomes
of the other Pbwo muitritional groups oveyr the B by, perlod of
imﬁubakimm;baingﬁmuﬁh smaller, Table 30 algo 3&&@5 the
ah&m@@a_in the 8,4, of geld-soluble adenine over the 2 hy.
pericd of Incubaeblon. It is appavent that these figuves arve
nobt in agreement with the chenges in tobal awmount of RHA in
go Tar as the accelervated brealkdown of HIA in thﬁ-gwaup faglm
ing afboer a proteinsconbaining dlet is noe longew apparend,

- In order to decide whether the isobope Alluntion teehs
niqm@ wags adequate Lo our problem, we made some furtheor coloula-
tlong on the radioachive dabe contalned In Table 38, Since
wo know the S.A, of Muadenine added te the medium (208 ;000
C.pem, Por i mole); activities of adenine lsolated fyom bhe
acid-goluble pool ab the begianning of incubabion will represént
bhe effeet of dllution with ATP and obher edeninewcontalning
cowpovinds pregsent in bthe mlerosomal preparatlon. Since we
added 1,035 ] mole ef adenine Lo csch flask, we cen compube
the bobal acidagsluble adén&n@ feom this & lubtion effect
{columm 7 of Table 38), By simllar caleulatlons we can arrive

ab the total adenine conbtent of the scid-soluble Pracklon ab
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the end of inouwbsbtion (columm 8 of Teble 38), The AIffor-
oncaes beiween columng ¥ and 8 can then be dlrvectly compared
with the u moles of adenine rolessed fvom A, ag wmeasured by
3&&98& egbimation (eolwm 3}, IE ahowld h@‘mm@h&aiaaﬂ that
o Joss from A (nlawe slgn In column 3) should be sguivalent
to & galn, b the wediwn (colwm 9}, Thus the slight losses
of R¥A-pdenine by the £irvst snd thied distary groups (0,058
and -0, 087 vespectively) eolncide with & gain to the wedium
of ﬂﬁﬁ%ﬁ and 0,063 JA moles of adenlins w@mp@cﬁively“ e
asocond group, which azxblbibed the lavgest loss of R¥b-adenine
' +acid~soluble

(0,127 p moles), showed a legg of/adonine of a lavge ovder of
magn&ﬁu@é (=0,090 I moles), IV iz lnpossible Lo conceive of
sy route of loss of acld-soluble adenine in thils preparvation
obher then through technlceal errors. In faect the asdenings-
pool figure for the second group {(incubsted) is the same s .
the asmount of adenine added, namsly, 1,655 (e meles,; a rathoy
surppleing figave, VWe mugt bherefove accapt the viboge
figures as belag bthe more acourate ones, unbll & mebhod 2lloww
ing.mé‘ﬁﬁ use very much loag added adenine ig dé#is&ﬂﬂ In
wideh cose we may an%iai@at@ greater sensibivity bto broakdown
produabs,

The ezperinents vecorded in this seoebilon heve heen of
negessiby of a preliminary nabure, However, they do ladlcaibe
thet when she expsrimental ALFTicultbies hﬂﬁ@ bheen suwenounbed,

the system may well prove suitable for Future invastigaﬁians.




GINERAL DISCISSION,

THE ROLE OF RyA I PROTEIN SYNTHESIS,
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The purpose of thls thesis was to investigate the
relationshlp between RUA and protein synthesis, The systben
adopied for this study, rat liver, was ubilised because it
had been shown thalt the protein and HIA of this orpgan were
senglilve to changes in the level of protein in the dileb,

Our investlgabions have shown that anlmals fasting afber a
protein-containing dieb lose BHA frowm the liver unbll a new
lower level is resched ab which it remalns consbant, On

the obther hand, animals fasbting alfber & protein-fres died

show no change in conbent of liver RHA, Thus Lt would appear
thal the ameunb of REA ln the llvers of anlmals fasbing aftor
a protein-free dlet wepresents the busal stabte and that
addition of proteln Ho ihe dliet causes an incrense in RHA
conbent which digappenrs when bhe animal 18 agaln fasted,

Thiﬁ control of the amount of MA in the liver by dletary
protein level appears Lo reslde 1n changss in the rabe of HIA
digintegration, Hvidence leading to thils coneluslion has been
fully deallt with in Sectlon L; ©this concept also galns
support from the preliminery Iin yilro studies of Bection V,
The w&mainiﬁg point of impoibance establighed by cur work ig
that nueleid acld mebtabelism iz sensliive to wremoval of &
gingle essentlial omine acld from the dlet., We have Intepr-
proted the daba from thls part of tho work Lo mean that more

than one RHNA molecular specles is involved In protein
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syntheslis, one type being wepponsive bto amiuno acids iIn bulk,
another ito bthe completonsss of the amino-acld mixture in the
precursor pool,

Before we discusgs the signiflicence of these resulbs
In relation to the possible »8lo of RNA in provein synthesis,
1t might be convenient at this juncture Bo conslder the
carrent theorlies of probelin synthesis.

There exists & considerable amonnb of evidenece in
favour of the view that the starbting weberials for probein
gynthesis ave free amino aclds and not more coumpllcabed molo-
eules sueh ag pepbides, Thus an inbtravenous Infusion of &
sulbable amino-acid mixture can malnbtalin spimnls In posibilve
Hsbalance whereas an Infusion of the products of parbial
hydrolysis of protein cennok (Chrigbensen, 1960), Among
mlero-ovganisms, stralng are mown which veguive spa@ifia
amine aclida, bub as yeh there la no conclusive evidence theab
a peptlde ls required as a speelfic growbh Lfacbor for any
organism, Furthermore, analyses of bissuos fﬁam.mémy gources
have falled to demonstrabe the presence of any generally-
disbributed peptlde apart from glutabthlons,

If we nmocept the view that amino aelds per se are the
unils for protein blosynbthesis, then eny theoriles of probein
synthesls st pay due conslderablon to the following two

pointg -
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1. Since the formatlon of pepbide bends 1ls an ender-
gonle reacitlon, some energy source must be involved,

2. Each protein would appear to have a pavtleoular
and invardable srrangement of amino acids In ibs molecule,
thevefore a "gequenblalizebion® sbtep (Zameenlk, Kellev,
Hoagland, Littlefield & ILoftfield, 1956) must be present,

Twe reacbions Involving the formatlon of pephide bonds
have heen studled in liver preparstions, Lipmann (1945)
found the ascebylation of sulphenamlde In pigeon liver was
smaeh weduced under snaevebic condiblons tmt thab addlibion of
AT? increased bthe rabte of svnthesls, ATP wes also found bo
abimiate the formablon of hippurle acid from glycine end
bernzole acld in gainea-plg liver {(Borsook & Dubmoff, 1947),
Bimllar types of reascltlon where ATP has been shown to have an
sohlvating effect are the synbthesis of glubamine from
glubanic acld (Speck, 1947; BElliotht, 1948) and the synbhesis
of glubathione from glubamyleysteine and glyeine (Bloch,, 19493
Johngon & Bloch, 19881).

Rogently sn anlno-acld activabing systom has been
demonstrated in rat liver by Heagland snd his colleagues
{(Hoaglend, Keller & Zameonik, 1858), The reacbion appears
to bat-

ATP 4 amino acld + ensyme = {aminoscyl AMP) engyme
+ pyrophosphate,

ATP could not be replaced by any obther nucleotide or phog=-
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phorylated mueleobide, It would appeayr also thabt & separate
activating enzyme la nocegsary fer each amino acid rabthep
thon one common asebivating albe.

Thwus the formation of a peptlde reguires the prosence
off some energy-donablng sysbem, In this comnectlon we mush
algso consider ancbher theowry resulibing Ifrom invesbigabions
carried out by several groups of workewrs, namaly, the
"Peanapeptidabion” theory {(Fyubon, 1851). Beveral proteo-
lybtle énﬁyméa have been shown Lo eabtalyse reactilons of esgters,
amides and peptides with amines or amnino acide resuliing in
the Tovmation of new amides or pepbides. The energy require-
ment in this ease is obbalined from the hydrolysis of the
initilal esbter, amlde op peptide link, Lxamples of this type
of engymic reacitlon aye numerous, Thus Jones, Hearn, Frled
and Fruton (195628) demonstrabed polymer formabtlon when glyeyl-
Lephenylalanineamide was Ineubated In the presence of cathepsine
G, Transpepblidatlon reactlons luvolving peptldes eg dilstined
Lrom emides have boen demonsiraied in the cass of ¥ ~glubamyl
poptides by Henes, Hlrd and Isherwood (1952), and by Foder,
Miller and Waelsch (1053). Brennaer, Willer and PPister
(1960) found that esbers of methionine in bhe presence of
chymobrypsin vesmlbed in the formation of the dl~ and tri-
pepbide, The factor governing the posalbility of this
'srangpepbidation' reaction beling a mechanigm for the builﬁiﬁén

up of pepbide cheaing would be the presence of a preformed
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pool of amides or pepbtldes, Sinee eovlidence for such a pool
is not forbbhbeoming and sinee bthere ls such congiderable evie
dence for amino aclds as bthe basic unita of probein gyne-
thesls, it cannob be said that Bhis mechanism has been
aﬁtabliﬁhe@ at present, A Purther objechion bto the "trang-
pepbldablon' theory arises wvhen we conslder the specifleltly
of probtein stwobure, If the proteolyilc enzywmes whieh are
responsible for trangpepbidation amye as demanding in specie
£iciby of thelr mibstrabes with resgpect to transpepbidetion
as they appear to be whon acting as hydrolytlic ensymes, one
would have to imagins a very cowplex system of enzymes for
the synbhesls of only one protein, |

An nypothesis bag been propounded by Dounce (1L953)
which not only ublilses amine aclds ag the sbariiang material
for prodteln bot also explalng the formabtlon of specific pro-
telng and Introduces a possible »fle for E¥A, According to
this suthor, the ouclele acld forms a template which deter-
mines the avvanpgement of amlino aclds In pepbide chaing and
can glmllarly govern the order of nueleobides in nucleic aecid
ohainsg, He postulates phosphorylation of bHhe nuelelce acid
to a polyphosphabte form centalning eneorgy-rich phosphate
bondsa, fucleosides or amlino acids will react with these
phogsphate bonds to give a nuelsic acid-nucleic acld complex
or a nueleic acld-amine acld eomplex, If these ddded

micleogides or aminoe aclds then wadergo polymerisation, a




amino odd ¢ ATP A

I

ominooeyl ~« AMP p + pp

Activation Saquantioliiotion Crott-linking
and
(soluble enzymes) (ribonucleoprolem particle) pattorniiation

( elsewhere —

P endoplasmic
reticulum

Fig.15. - Steps in protein synthesis in
rat liver cytoplasm postulated
by Zamecnik et al# (1956),
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new nucleic acld molecule or a pepbide chaln 1s formed, The
nature of the orlglnal nuﬁleié acld template wonld detemnine
the gpecifielty of the nuclele acid or the arrangement of
amino aciﬁa‘iﬁ the popbide, This theory allows for the
bemplate to be & self-reproducing unit, Zameconilk and his
co-workers (1958) heve extended this theory elightly, In
view of thelr dismévary of an smline scid-activeting system
whilch Involves bhe Lormaltiocn of an aminoaeyl nucleobtide, they
sugeest that these amlngaeyl compounds align themselves
along the rlbonucleoprobeln templabe, thelr slde chain groups
poverming the position taken up on the ribonucleoproteln suv~
face, %h@ﬁ are in favour of the ribonacleoproboln parbticle
of mlicrosomes beling this Gemplate,  Zamsenikts conecepb of
the »8le of RIA ia proteln synthesls ls represenbed in Fig, 13
balkken from & recent svblele by this lovesbtigaber,

Details of the structure of the RUA luvolved in
protelin synthesis lmve been considered by Chargafl in o
goeries of studles {(Chapgaff, 1058), From rab liver mloro-
somes he has lgelabted a ribonuecleoproteln wmolecule of consbant
compeaitlon through sucecesglive wreproclipliatlons, It conm
tadoad bwo nucleobldes o each amino acid residue, He
suggesbs that this iz a genulne compound whilch plays a funda-
mental »&le in probtein synthesis, Study of the uptalke of
labelled emino acids by this molecule showed that it had a
more Intenss léballimg than the rest of the microgomal

proteln,
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How do our data velablng sbtability of RNA bo ine
tensiby of protein synthesals counbtrlbube to thls pichbure?
In the first plaee, our findings show a dlassccisbicon bhebween
the wabe of synthesies of protein and of BHA in the liver; in
other words, the speed of rmpl@midhmant of the templabe 1g
Independent of its Danetlon, Just asg ln the case of an
ONBYMS . On the obther hand, onur svidence leads us to b@iﬁ@?@
bhat the stablliby of the RHA is debtermined by the intensity
of proteln synthesis, The muber of BNA molecules vwhich can
be maintalaned In a stable form at any one tlme appesrs o be
a Pfunctlon of the smino-acld supply, Our concept L that the
BiA wolescules are only stable vhen the bemplate surface is
fully engaged in protein synthesgis, This ilmplies that the
disengaged RWA molecule is a very unsiable sbrucbure and re-
quives the presence of the linked smino acids on its active -
surface to vender 1t more robush, This ingbebllity could be
due bto either inherent chemical Instabllildy of BNA or slber-
nabively the naked molecule may he more suseoptlble o abback
by ribomuelease within the cell, In eonnection with the
chemiceal properbtles of BNA, 1t Is of Interest to note thatb
Tlaon snd Chargafd (1985) have found that nabive R4 possesses
equal numbors of Ge-anine and 8-keobo beses, vheresas RNA which
hes beon deprobeinised no longer shows this equivalenece of
the two groups of bases, This argues in favour of the idea

that a parbt of the »xibonucloic aeld molecule ig dependent for
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its chemical sbabllity on the presence of protein,

EBvidence from sbudles on animals fed with incouplete
amino-acld mixbtures (Seebion III) suggests that the effechd
of amine-acld supply on RVA metabollsm 1s not an all-or-none
phenomenon , but that a pavt of the BNA wmey bs sengitive io
amino aclds in ull and another part bo the complebensss of
the mixture, RN¥A meay thus play more thaen one 18le in pro-
teln synthesis, bub the pessible nature of bhese dlfferent
funchions ls obsecurs, There way, of course, he albernabive
explanabions of bthe effects observed with the lnecouplote
emine~acid mixbure, Further experimental work is ﬁéadeﬁ ho-

fore any welght can be pleced on these suggestions,
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Shudlies have been capried oub on rat liver to detormw~
lane the nature of the relallonghip be%weem.ribonucleic acld
(B4 ) and probein synthesis. In partleular, an abtompt was
mode o declde why the level of protein in the dieb cansed
changes in the amount of llver RHEA, The experimental studles
are deserlbed ixn flve sections, summarised as follows -

Seebion f. The influence of dlebary protoin on the Incoy~

poration of Y*g-g.slyeine and 58P into the ribonucleie

aclid of rat 1iver.

1, Hats wewre maintained on diets elither sontaining adegquabe
amounts of protein or free from probeln, and afbey fasting
overnight, were injected with 98P ana with 1%Gw2wglycinﬁ,

They were killed st &, 6 and ¥ hr, btheveafbter, A further
group of raby whieh had vecelved the protein-conbaining diect

was fed protein ab the time of injection with the isotones.

2. The upbekte of glycine into liver probtein was ossentislly
similar in thoe bwo groups in the post-absorpbive sbabte, but

roge econslderably vhen probteln was fed ab the time of injection,

3, Labolling of RWA with 2P and with glycine vwas nueh ro-
duced in wabs Lfasted overnlight after the protein-conbtalning
diet, On feeding probein to bthils group, upkake of both iso-

topes rose to the level found with the protelr-fres diet,

4, It 1s soggesbed that the low level of lebelling in the
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groups fasbted after the probeln-containling dlelh was due to
breakdown of H¥NA as soon as the supply of amino acids from
the gt ceased, the produebs of breakdown cauging dilubion
of lsotopleally labelled precursors of RNA in the acid-soluble
Practlion of liver, The feedlng of probein, by restraining
RiA breakdown and thus serminating dilublon of these pre-
capsors, restered the level of labelling in RNA, Thig
Ahypaﬁhaﬁia is supporied Ly a sbtudy of the effect of dietb

(e} on changes In the RMA conbtent of the liver, (b) on 40
upbeakze by the purines of thaeaéidwaelubla fraction of liver,
{e) on the upbake of P2p by the RNA of different Liver cell

fractions and (&) on allantoin excrebion,

B, It ig concluded that the rate of syathesis of liver RNA
1s o function of the avallable energy, vherveas the stability
and therefore amount of BHA in the liver is debtevmined by

the supply of aminc aclds Tor protein syathesis,

Seetion 1T,  The wnbelke of %%ﬁhﬁmglyeimﬁ e Y2p py liver

wibonyeleis seld vhen probeln ls adminisbored to proteinm

deploted animels,
1. A gtudy was made of the offeet of Pfeoding protoin to
snimals fasting altor a probeln-~free dled on the wupbake of
Igumglyeine inbo proteln end scid-soluble purincs and the
upbake of 1%@~%ﬂgly¢in$ and S%p Into the purines of RIA in

rat liver,
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Lo Foeding of probein bto proteindepleted animals resulbed
in an dncrease in the incorporaidion of 1%ﬂh8mg1yaina into
probeln and inbe the acld-goluble purines, This ncreasse
in the lebber was reflectoed im an lncroased upbake of 1¥C.g«

glycine and S2P into the purines of KN4,

3., The tobal uptake of Y92P by Ris in the protein-fed
anjnals was bwelce ﬁh@t of the fasted group, while the upbake
of 1*Gaﬁwgiyain@ was flve times greater in the case of the fed
animals, This finding sgain suggests that supply of amino
acids o the llver is sccompanled Ly a decresse in the HIA
breakdown, since these changes can best be explained as due

to different dilution effects on the respective precursor pools.

Seetlon TIT, The effect of feeding coumplebe and incomplebo

andno-aedd mixtures on the upbake of labelled precursers

fabo the purine and pyrimldine bases of ralb liver.
1, Slnce the feeding of probein 1z accompasnied by a decreage

in BHA breskdowm, the effeot of feeding amino-acid miztures

was sbudled, The twe amino-scld mixtures fed differed only

in that one contained btryptophan and was mbritionally complete,
vhereas the other was deficlent In this amino seld, The main.
sbtadies were cavvied oub on rabts vhleh had previously been fed

a probeila-free dlet,
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Ba The complete smino-scld mixbure produced an incrense in
protein synthesls secompanisd Ly sa Incressed upbtake of léﬁv
Z2=glyoine Indo RNA and the acid-goluble purines, together

with a £all In the &/A ratlo fov l%ﬁwgwglycim@.upﬁake,

S The effect of the two amino-aeid mixbures on e in-
corporablon of LG gmorotic aeld inko RA-pyrimldines was
' 14 . .
gimllay, ia that the ?/g vatio for *¥0-G-opobic acid uptake

Fell when the complote amino-apld mixbure was fed,

4, It was vthought that previous f@mﬂing of a proteln-fres
diot might produed o deplebion of the liver snzymes, which
might aceount for the changes in the bagse rablos., A4 sbtudy
way theyeflore wmede of the elfect of the two amino~acld mix
tures oo the g mmﬂvgfg ratlos of REA when the animals had
pravﬁaﬁ%&y~%&@m fod o probsiun-counbaining diet, When the

twe amino-acid mizbures were fed to rabts fasbing afbter a pro-
tein~conbaining dlev, ne fall cccurved in the %/g ratlo or
?/G,?aﬁiﬁ of BHA with the complebe amino-acid mixbure,

The implicetlons of these resulbs were dlscussed,

Section IV, The scbion of 2 -2-thienylalanine on protein

gynthesis and [HA bapnover in vel livew alices and cyboplesm,

L. A sbudy was made of the effect of [Be-2~bhienylelanine,
a gtructural snalogue of phenylislenine, on the upitake of

- . {;t #
L&Gmﬁmglyaine and 293.methionine into protein, and S8p ang

Ydp.pepdenine inbo RiA, and 58p into 1ipid P of rat-llyer
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glicoes and eybeoplasm over a 3 hr,. peirlod of Incubabion,

B When A -2-thilenylalahine was ineubabed with Liver slicos,
vhe upbake of hoth &&ﬁmaugiyaiﬂa end ©98-mothlonine inbko pro-
tein was laobhibibed, A cornesponding Inhlbibion of tho upbale
of 929 gng &%@ﬁﬁﬁ&dﬁﬂiﬂﬁ inbo WA, and 98P into 1ipid P also
ook place, It was concluded that A -B«bhienylaolanice hed &

widesnrend effect on cellular mebtabolisa and itn acblon in
¥

Tiver slices was not confined to inhibition of protein synthesis,

de Tn opder o gimplifly the system a sbudy was maede of the
sebion of this anino-scld analogue on BNA snd proiein meba-
bolligm in g cell-free systom,; namely, rat liver oytoplasm,
=P and AYP were added bo The aytoplasm asg enengy donorsg
and theoso substances shlmiiabed isolope upbake by probein snd
Lipig P, The addibion of /5 +2+thienylalanine to this systen
cansed iunhibistion of the upbake of M“G*E-a@:’u:;mﬁ.zm, into proteln,
bub had no effect on Lipid P mebabolism, This suggests thab
the actlon of A -B-thienylalanine oo lipld mebabolism in

liver slices is due o a general offecht on regplration, The
upbake of lsobopes by REA was negllgible In the cell-free
pysbom, and Pherefove 1% could aob be dﬁ%@rmﬁﬂ@é whebher /A -2«
thienylalenine inhibilted Incorporatlon of precursors into the
HES of glices because of a generel mehabeolic disburbance in
conseguence of & move intimate velablonshlp of BNA metobeliam

o protein synbhesls.
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g It has been conciuded thet the inhibitowy scbion of
fA-2-thienylalanine dn Llver slices is neot limlbed o an
aebion on prebeln synthesls, but also invelves wore genoral

changes, probably affeeting eneorgy metaboliam, The

+
rarid

Dbl liby
o premobe the uplale of isobtopes by BUA of liver cylbeplasm
precluden any possiblility of debevmining vwhobther the changes
in BNA wmetabollem following M-B«thienylalantue broabwent of

whole cells belongs Ho this general cabegory,

Secbiom V., Bhudles on RUA breakdown in igolated misrosoumes,

1s The effech of pyevious dist on the breakdown of BMA in
Liver micrvosomes inmcubated In vibyeo was studled, and a few

preliminary experviments bave been recovded.

P Bpeuldown of BNA was studied by quentliablve esblioblon
of HEA in the system (orcinel method) and hy the dilvent offect
of adenlne-gontaining breakdown products of RHA on the esbiviby

of i%ﬁwgw&&ﬂﬂin@ added o the sugspending medivm,

3, Using the orvelnol wethod, the A of fthe microgomwes of
vabs fagbing afber o protein-~containing dlet exhibibed a higher
zobe of breskdowa during iuncubabion. There was only a gualld
decrease in the RIA conbent of the microsomes Ffrom rabs Pasbed
alter & protelo-fres diet and also £yom the microsomes of pabs
aetivoly abgorbing samine seids ab the btime of killing. Hows

ever, bthe lsofope dilubtion method failed to glve sabtlslacbory




rosults In owe hands,

. The se Lindinge wlibh the crcinol method ave compatible
with the thesis propounded in Beebion I, uawmely, thab there
are changes In the vaie ?f breakdown of RNA In response to

veriablions In the supply of amino acids,
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APPERDIX,

COMPARISON OF TRICHLORACETIC ACID AND PhRl-

CHLORIC ACID A3 PRECIPITANTS IN NUCLEIC

ACID ISOLATION PROCEINRES,




Ag poinbed oub in the Experimental of Sectlon I, the
use of PCA as a precipibtant affected our racgvaries of
nueleic scilds from ot liven, Since the use of this acid
was desirable for the isolation of the seld-soluble bases,
it was essentlal that we leawn the limltabions off 1ts use,
Accordingly we have carried out o serles of experinents to
invesblgate the sbabllity of the nueledic acids in the progw
ence of PCA, comparing our rosulbs wlth those obbained when
TOA was ubilised as the probein and nuclele acld preciplbant,

The slightly wodified Sehmidi-Thannhauser procedurs
detailed in Table 39 was umed for estimating BNAP end ITNAP,
In studylng the eetion of perchlorie acld, the Schmidt-
Thannhouser nothod for nuclele aeid isclation may be con-

sidered to conslast of three sbages,

l. Precipltation of g@ateins,.mu@leic'meida, ete, The effect

of prolonging contact with PCA ov TCA before centrliuging ls
shown In Pable 40, Up o 2 hr, contact with PCA has no sig-
nificant effect on the nueclelic acld conbent of the sawples,

but afber 6 he, contaet RUA is seriously reduced (in view of
our findings atb étﬂge IIL, it may be menbloned bthat digeablon
with alkall was carried out imnedlately alfter Lalb exbractlon),

Although RIA is nobt signlflicantly reduced by conbacht with

PCA for 2 he,, Table 41 shows thet the amcid-soluble purines

undergo some dllution from breakdown produckbs, This is




Supernatant

Teble 39.

Method uged for eablmablne WA and

INA

Tdver homogenlzed N
“In water
Aliguobs + 0.5 vol, 30% TCA,
or 1 vol, of 1.% il PCA, ?
Wash 2x with 10% ToA,
or 0,7 ¥ PCA

Bxbraet with absolube ebhanol \

hxbtreact with ethanﬂ%mch§0me0rm
311

..

Bxbract 2x with eﬁh%nalxgther
[ Sl

Bxbract wlth ether y

l

Allow bo dry
Digest in N NaOH at 37° }

Heoubralize with HCL and
acldlfiy with TCA; wash
with 5% TOA ")

¢

’KPrecipitﬁte
DNARP

RUAP

Stape 1,
Carried onb

at 0°¢,

Stage II,
Carried oub
at room

temperature

Stape IIT,

Dry powder
sbored abt room
benmpesrature be-
fore alkaline
dlgestion,




i3,

apparent in the lower speeclfiec activity of acid-soluble
puanine: adenlne l1s not appreclably affected, presumably
because there ls a much greaber amount of acld-goluble

aden ine compounds and dilubtlon by breakdown of RNA would he

correspondingly less,

11, Exbtracbion of Regldue with Fat Solvenbtg., The important

point hore is that TCA 1is soluble in the solvenbs, whereas 1b
appears that PCA i1s not exbracted and remalng in the dry

powder following ether exbractlon,

111, Separablon of BUA and IHA from an alkaline digest of

the renidus. The practice hag been o seb asglde the dry

powder at room bemperabure wnbil 1t ls counvenlent to caryry out
Algestion with allkall, Repoated esbimabions on powders prew
pared by TCA praaipi%aﬁioﬁ have Justifled thls procedare in
the past. However, Table 42 ghows that s PCA-precipitated
rogitue, afbter sbanding for 10 days, geave a AP figare much
lesg than is known Lo cccuyr in rabts of this welght, Shand-
ing for a furither © days reduced bthe WAP figare still furither,
whereas the RUAP rose, If we allovw for sllight dyving oub of
the powder during the G.day perlod, we find that the total
nuclele aclid phosphorus vremained unehanged. This 1s com-
paitible with gradual decomposibion of THA during storoge, so
that its phosphorus ls no longer precipltated on acldlfying

the alkalina digest, and thus conbributes to the KHAP




Table 40,

Effect of lengbh of contact with 107 TCA or 0,7 N PCA
on_recoverleg of proteln, HHA and INA,

{Data oblalined on two pooled vat lilvers; 10 mli sanples
of a homogenate wore used and lefdt In conbact with TCA
or PCA Ffor the sbabed bLimes), ‘

Time Amounts per liver
Procipivant of conbach Protein RWNA A
at 0°C N P P
he, ng; . mg, e,
0.5 177 5,97 2;17

‘J.’,G.Aa

R4 167 5:55 2,08
(<6%) (~10%) (=8%)
0.8 181 5,886 &, 17
2 184 5,51 2,20
PeCLA (+1%) (=a5) (+5%)
6 176 4,24 2430
(<5%) (<24%) (+6%)
24 e Fetys 198
(<5%) (~65%) (=11%




Pable 41,

nefecht of 0.7 N perchleorle acld asg a preeiplbant

for Llver homogenates.

Length of Acld~goluble Lracbtlon Preclpitate
contaed _ , « ' .
wlth per- Frae Adenine Guanine Total
chloric Glyeine | Glycilne | Glyeclne Mueleie
acid , Acld

— SO N, | Phoaphoris

hr., G ,.p,i’ﬂ./ 100 P& i1 1200

0,6 3508 8494 B3R3 6,86

2 3410 2659 | Be62 6, 63
Eﬁff@&enoa wB% 5% ~30% 3%

A rat was injocted with Y¥C.g-glycine. The liver
homogenate was divided into two fractions, one belng worked
up a8 Yapldly as possible, the other belng left in conbach
with PCA for 8 hr, The glycino wag isolabed ag the NP
derivetive, following degrada tlon bo glyelne, of the tat&lw
acld-soluble adenine and guaniney the freo glycine was

igsolabed dlrect Lrom the acid-soluble fractlon.




Toble 42,

The sffect ol storage of the lipid-exbracied
reiidue on apparent BUAP and INAP conbent of
Livewr, (The livers of bwo rabs were homo-
genilzed In PCA and samples baken,).

sample | Time of Amounts per liver RN@P/;N&P
gborage HYAP AP Ratlo
| G, WG
0 days® | (4,90) | (1,64) (3.00)
A 10 daya® 5,408 1.38 3,97
16 days® | 6.10 1,18 5,45
0 days® | (4,90) | (1.64) (5,00)
B 10 dayst | 5.3 1.25 4,50
- 16 daya% 15.95 i,Oﬁ 5,98

. . o .

Basod on data from wabts of identlceal welght on
aimllar dlet, the liver being treabted wlth TUA to
precipibate protein,

‘The tobal nucleic acld P (RIAP <+ DNAP) vises sllghtly
at 16 daya compared with L0 daysi this lg due to drying
out of the powder, since expresslion of the teobtal nuclele
aeld P per 100 mg, protein ln the powder ylelds identical
vesults at 10 and 10 days, sample L gave 5,09 and
5,06 mg, total P per 100 mg, protein N, and sample D
gove 4,83 and £,78 mg, at 10 and 16 days vespectively.




fractlon, An even more gerious fall in sppavent INAP
occurred in & serles of 10 powders stored for about a month
before analysis; in thils case, tho mean INAP conbent per
liver was 0,62 mg., conpared with an expected value of

1.7% mg., for enimals of this welght, The RIAPR/INAP wvabkio
wog 7,51, instead of 3,0, In view of the fact that RHNA 1s
more sensitive than INA to the sebion of perchloric acld
(60.8., Table 40) it is curious that a considerabls amount of
alcohol-precipibable RNA ecan still be exbracted with hobt 10%
HadCl solublons Lrom powders prepared with PCA and allowed bo
atand for some time,

It lg cbylous that this conbtinuing sction of PCA in the
dry, fabe-exbracted residue 18 not 1llkely bo Invalldate egti-
mablong of RMA and A besed on speciflc reactlons, such asg
that with oxcinol,

It 1s apparvent therefove thabt I valld resulis are o
be obbained when PCAL ls used bo precipliabe nuelelic melds and
probein Tfrom lliver bomogenates, the entlre procedure should be
carried out as prapldly as pesslble, PThusg at Stage I the PCA
st he soparebed in the Livst 30 min, after addibion. The
findings at Stage III would indicate thalt if RNA and INA are
to be determined as RVAP and INAP, PCA 1s nob the ideal pro-

cilpibant,




