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oft amine: acid residues into various specific proteins. The RNA was

‘viéu&liﬁe&.&s a template on which amino acids WQré laid d@wns the w&tﬁmrﬁ"
of theltem?late being deﬁi%@d, frgéum&bly; from.th@\débxyribonuuleic acid'
(ﬁNé}}éf tﬁe_céll; The -obsevvations that the indorpowatioh‘af~aﬁinc acids
iﬁtm thé_prbﬁein of 11ver~slia@s'anﬂ"hom§geqaﬁes is inhibited by lack of
oxygen or addition of dinitrophenol (Dﬁﬁ} (Frmntz,‘ﬁamecnik, Resse and
Etephengon, 1948; filckevita, 1952)-0r,df cyanide (ﬁiﬁnick, Iriedberg and

e

from oxldative phosphorylation prod@sseg; and itﬁ&gg supgested by Ldpmann
(Le41, 1949) that smino adids are activated by reaction of their carboxyl
groups with adenosine triphosphate (fT?) pd form a phosphoric acid anhydride.
Heéeﬁt advancgs in uifracentnifuﬁéﬁiaﬁ“%echniqﬁes h&ve'led to more
ac-t;ail};é, fractionation of Aisrupted cells, (;;:La.ﬁae,- 1946; Uehneider, 19483
'ﬁgﬁgéﬁik and Keller,-;gﬁé), and uptake of j&dioactivo aminoe acids have
:beeﬁ'démmnsfrutad in qellwfﬁ@e.ﬁysﬁgms (Keller, ﬁgm&onik and Loltfield,

L1954; Hoagland, Keller and MKamecnik, L956; -Haltin and Peskow, 1950},

3

although’ it is probable that the cell pucleus can carry oulb protein synthesis
(Allfray? Hirsky and Osawo, 1957), most proteins a,vear to be formed in

yo.

the eytoplosm, and it is this fraction that has been most intensively studied.

&ubéé}lﬁl&r structures involved in protein synthosis

-fﬁéfOre‘reyimwing pres&nt.theorios 0ﬁ the role of the various structures
of~th§ cell cytoplasm-in protein synthesils, we must consider briefly thelr
‘cytological features ond chemical nature.

A disgrammatic illustration of the components of s secrcetory cell is



FIGURE 1

Nucleolus Pore Mitochondrion

Ribosomes

_Cell membrane

Endoplasmic
reticulum

Nucleus Vesicles

Mitochondrion Secretory granule
Schematic representation of a ‘typical’ animal cell.

(Davidson, 19&0)



~h6w&ver, has published &Leutrom mlurcgra;ha of utmrmn@ s scle humogeﬁaﬁes

I ST
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1iveﬁ in”Figo 1, WhLGh i ' based on recent work by eiamtrdn miaxpscapyr

(’almma @md ul@k@Vlt WOuﬁ) '»Tﬂ@,lﬁr9e3+ ovtapla mlv‘nunmanvnts ore
tho mltOLhamﬂrl Whiah ﬁu&e iﬂOLﬁ own prmteln (Reis, Goote and fork,

3&9}5 but ave probﬁb y,ﬁot the main site of prutéin gsynthesis in the ceoll.

‘ ﬂnﬁuhuf prmm;nen? ieaturg of secretary cells is the endoplasmic reticulum,

IWhLQh d&gﬁﬁlu LG GORSL%L Qt’aﬁw%r&nou esicles forming &.Gamnleﬁ—ﬁ stem
12 . 4, )

mﬂmﬂuwiﬁmw&mmﬂmec@l,gcﬁﬂmyumMmmmgwwh%MJuﬁﬁaMI,

. zuftey (1904} bu garta& that this. reticulum is to. b@ found in all cells,

anﬂ aL&dv (lﬂwb} QasQwVLd 1ﬁ in e large auiber Qf types of mamalien cell,

althuuuh naﬁ 1n mature er Lhrma L@ﬁ.' ‘dxard eb al (L2566} found that
Y . hm whn N

A% W'S.ﬁlﬁﬁ absent in h‘ghmfraquenay~iﬁ$ect muacle, and it hasg been

suggested thaﬁ'thér, i& a difference in type of roticulum between s&ératory‘

and non=secretory tissues (Birbeck and mercer,,lﬂﬁﬁ}. Yalkid (1960),

Lx

uﬂOWLng olaﬁ ical W1urmsomem, dnﬁ nWL&nan (unyuhllgned) haﬁ Qba rvod

mcmbwanouﬂ utructurcs in rvtmsulaayteﬂe Frobably there ia some gnaunlamm1c

“1retluulum in mw it animal mells, mlﬁhough its morphology m&y\vary'wiﬁh;
ﬁh@ cell'tyy@. - It in reﬂuced in ma1x&namh call& in 1chr, or may even

'ba alﬂaat ahﬁcnt 1n the case of ramlle growmr ﬁummurs (ﬁew&tﬁon anﬁ,ﬁam,

19553~ Nav;ioff, 19&7} In general the reﬁﬂcuLum is mos t sromident in

tissues which are amtive in prct@in synthesis,

: The endﬁpla mlm reticulun consists of a netwnrkrof vesicles or cisternse

wnxah in the wmos 4 commonl. ¥ seon form d?G covered with dense granules of

“ribanucl@oprat@in»material¢ The vesicles shrink or swell osmotically

O




in sucrose sblutiuisraf_aiiibrent concentratiqn, i.c. they ore envelopes
. ra hcv than ﬁ@1iﬂ wnfucmuv,u, The grenules atbteched to this type of
Tetiéﬁlum are. sma il (avaut 15 O»ZOQ A in Gnumotvr) and dense, vesewbling

'thé tree orlnulms (TIbOuOM“S}-SG@ﬁ in th@ QCLH1T n;LJ of4the @ancreas

(.dlﬂdﬁ aﬂd Ql@k?Vlt&, l@bﬁb°\, Hwtjaﬂd, Mubb}, wlthauch noﬁ in 11vcrw
" eells. dos thlu granu1emb<,r1ng 3ctlcuLum, Lho rauph bHdQUl&LH?@;

:retioulum, a’ coand Lvte uon i;tiﬁg:of,meMbyane wxbhout w“anuW& th
;muobh'ond091aﬁm1u rotlpu]um; ho 5&&3 ébsefvéé iﬁ i nj tl sue ( aTadc
and | Sl@kevitz,';ﬁﬁﬁa; %ouie,.ﬂouilléf and Ghauveéﬁ, 196&). ‘ @hé‘smUOtﬁﬁ.\“
«T%tJQUTHm QCLMT& Ln ILVPr gelLs, ééb¢¢1qlly in‘thv Gaimijcmmbqu:(Q;@f@gnt;;Q

Baﬁ), But: Lﬁ is mﬁﬁﬁ less. prumlneni Lhun the- rouph “orn, . Iﬁ'%ééms ﬁ§ .

Wt

bhe &dﬂuul&lEﬂAW1Lh piycogon ynthc Lﬁ (Lorter, 1¢ uO)

ih na h@@ﬂ qugxesteﬁ that the vouyh PHﬁOpldSMLO retxouium of the cyLoqa‘
ﬁlaam is contlﬁuouu wibh borh tho Unlgt uomnlax (rwlade, 19 bO) anﬁ thv |
@CLL mombrﬁne (}Plaue, l956, psteln, 1%57). 1 80, iﬁ‘might besﬁxpecﬁeag"
LO iumctimn as o tran: purb uy;tmm; g.g. for the éxpo?t of mat0V1al secy ted
. by L&o coll.nf In exocrlne paucrgaw gel ﬁmallvpraﬁules, ch&miaally
quLLﬂT $0O aywo@en gre qu% (ﬁzeacvmta and ralade, 19&8), havo been
obuervod wnthin Lhe ves xcLeb mflthe reticulum {?cLau, 955; leado; icﬁﬁ}.
-1t haw bobu wurguutod (iLr%Ch, l@oD) bhat such ecrvLoxy pxoducta are’.
rcmovcd aftor aynthesns from tho vxboqom@ and carrLod.w7thmn the rctnoﬁium‘
to the Colrl bOu@lﬁx, wher thgy are condensed to form szoneﬁ graﬁules:-

(ijahranu and.ﬁanzon, 1954) ready for secrethony predumahly by pa,4a:e

throu&h the' rgtlculum to the cell membranc.




R@méht-wéfk bygﬁérarg JoB @ﬁh una “qak (Lﬁﬁu) aqu sts that the T@tlﬂuw&m

pfubab-y &TLSQ& fram tne au@iear umbrtmcg irmm uhich it mwyﬁars 1o peel

.

n.par Lﬁ@L layur a‘»ThiS'ﬁﬁﬁﬁﬂkiﬁﬁ“ is }ﬂrabborastaw of thu eﬂdap“ammma
reLquLum of beGTPtﬂﬂy 9@1135 whibh.tend% Lo orientste thetf in l&yera
. ythrqﬁghouﬁ th@&ééllg ﬁwror et al &Lso nmtcd 2y uonne&tLun bebween ﬁho

mm%@unonaﬂl& an& %h@ u GdubbLQn of endapla@mmu retﬁoulumg and xuuﬁm Lham

m&tcmhmndxla tended t& gathe: rouﬂu the nucieud duwmﬂq prophasc. 1n the“

Seourse eﬁ Lh@ WQ?&iﬂmmbTLde in, th 5 ﬁhx sis we hqvc natzeod that: ih& rmfiff}”

”mltouhonera af thﬁ Imver of faaLcﬁ rats often ﬁhmw layers of w@ticuium

.

lylng be&mﬁﬁ thelr Mbran@ (ump ﬁaga 2) in a patbern aﬁmblin@ tﬂ&t‘éaéﬂ'

’hesiéa the nugiear mowbranr, ‘Thg Qﬂﬁ@p}ﬁhmlh retlgulum s 1edmged in- thp

fLLver«of rat fa«te& for sevural 6wyb (“ ?cetb, 195b5 Bernhard an& nau111er

<

906}, and 1L ragruvth some h@uLm ait@r a,nrotein,meal has baen demmnﬁtrauﬁﬂa
itcﬁQS«fdundvtha%,a m@&lmof(mxrbuhyﬁf Lc WS mumh l?ﬁm Off@bLlVGor‘ %he.jﬁ
1ré@ﬁ6th’appcarcd.to Lak¢ plabe fmr»t at the p@riph@ry of the‘melljaﬁdg

.-

round the micleus. In buﬁh JL@ it i -apsociated with the mitochondeia.

”.Th@*n@meembraha3~foxméﬂ se@m,ﬁq hw ¢thmut.granul,a,fﬁhich app@ar,later‘““

The struéturs shown in 5 g 1 con De obtamn&d by dlfieréﬂilal rentf1

’ 7fuwatlun of-a t uc homophﬂate'pr@pare& in sucrése smlutian; @ofkeré' :
hmve«ﬁif er@ﬂ sllghblv 1n Lho u&ncunbvahmwn off ﬂubPDBP uulutman tncy hLVm‘“‘

uﬁeﬁ} ‘ihey n&ve alav &1fier0& 1n.thclr uunﬂzﬁlon of cmﬁtrifug&tioﬁy

B

‘/”1n thut aoa& havo cantznuedAta preparo tﬁu ”hoavv nigreuomo s by tha‘qr ging l

'”'rjmcahud oi uhnelder (LQ&B) by %pﬂnnlng &t 18 }O s.and to prepare the

:“&igh; mmcra%omo«“fa a a@parate,fracthn by s second spinat 105,000z,




FIGURE 2

Magnification X 24,000

Electron micrograph of liver of rat starved for 5 days,
showing parallel layers of endoplasmic reticulum lying alongside
mitochondria* The double membrane of the nucleus can also be seen

part of the large nucleolus is at the extreme right*
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plds, 1t may passibly bhe o phose . -

"

-\Aluhough ngt one of the us ual ph@ﬁ}halz
rh@{ﬁdlu @Qldo ‘ﬁmre dota¢1cd analysis of - lysed.pfmtopl wsts (Codaon, Huuﬁcx

ry
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L;; u»havo ﬂgeb nat show ank fall wiil tlae, and Godson et al consider
2" PR S _

that it i ﬁﬁh&b nat a nflmﬁr sﬁufca off mberial for orotein synthesis,
. B3 : i J
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These “nﬁ ings BT mlfficuﬂt Lo e sconcile with the findings of obher

e

ﬁefk@ré. Oﬂé‘rgaﬁan’magaha %haﬁimuﬂt,wf.ﬂainim@ gémgi?é ﬁat&.ﬁ@ﬁé mﬁtagﬂedv
(y the use oﬁthenwlﬁi&niﬂé winich, a$ both lendler (lﬁﬁi} gnﬁ‘ﬁﬁﬁﬁ@r and
vUQa“%ll (Lh&T) heve- shown, behaves 'ﬂtyﬁically in such incorporatvion system
Jren (lJﬁﬁ} hd% QQ ntﬁﬁ uut ﬁhﬁ dﬂnver m nal lLﬁUMBﬁlnﬂ acld art@facté ﬁay

be formed as %he r@:ult-ef hiﬂ&img @f free amino acids in vitro by Lipids
in tho o a'@nce,of;drbﬁain& and érg&ni@.sulv&nts. Binding of lobell@&x“
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uﬂflﬁ htldﬁ mLchi thu ‘takw miac«Awulja Lh thﬁUL wa E'EEiﬂg ="tr&cted

wzt1 ilnnd SOLVQﬂbma'ﬁaiﬂ thecdaée of.ﬂaining et al'a G?éulimmﬂtmp homsvc?3,

1t de 11ikgly Lhat amy fTGb amjmo acids remained by the tiwe the ru%ldue'

WO ¢ %uu%ed ﬁﬁ uraanin Q?vmntﬂ,

'2) LEho&ghaﬁiﬁdﬁéytiées:
A 3umb@r‘§f phosy h&tLﬁUQﬂﬂiii“S have also been isolﬁta@ from various
) : Vjtiééu@§ﬁ anid thmfé*i5“3Qmﬂ¢@vi&énQ§ that they mey ploy a ﬁ&rt ei%hér'in;{
’7th§j$ utﬂc%is of" eTthlﬂ or in its'%ransﬁorﬁ thréughA 'w Ld M&dbraneb. '_%
Thg,.d0ﬂ1n and- JO&&H (19%8 l 50} TQUnﬂ.that ﬁh& turnover of mhuspharus
'in_phos?haﬁidic‘acidruf br&i s 1ncrcaa?d by acetyl ohmlhno, the effect
beihg chiéfly‘in'%ﬁé'mioxasém&l fraction, and belng depe ndent o1 tﬁw
mtfuctural inﬁaggﬁty‘ £ th@ mlbrwaumal ira@mwntuﬁ an increased turnﬂ?ér
of yhos@hatidic acid is pl g0 observed in yancreas and gituit&fy tissue,
associated thh searmtmr“ &gt%vmty Qﬁkin suggests that phosphetidic
z@i} is nvu}vcﬁ in a méuhaai sm for the transport Of razay “mur shory ﬁatﬂrlﬂl

%

acrogs a lipid m&mbraﬁﬁ, A similar effect has bﬁémhahSmyve& in chicken
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.Ghol 3ne both of dﬁymddﬁ d@@f@hlan and: 05 phosphirus turnover in o
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ghbaghatidayeptiﬂa aﬁﬂ im whos pl 3‘¢@, fluggins and échn;{1@59);haV@
obtained frommeny mamuslian tigsues & h01yﬂ&LAdQD&gﬁi&@‘Whi¢h is soluble
,mehhwumrym%hndﬁml{mﬁﬁmﬁﬂlwwmﬁmmy}mtnﬂ;h1mmﬁ@ﬁmmﬂ/
ether, and which is ther@fore n@t_iﬂ@pﬁical wiﬁhhﬂ@ﬁﬂlvw'a non-polor iiﬁ?d
It is thought to be similar to a tnospﬂ&hzdowvvtaﬂw isola tmd from bx&Ln
tissue by ¥Folch (iwﬁaj;‘&lthaugh ﬁ&dbahly ﬁaﬁ iﬂ@ntical with it, andjhas
been found in many Lm sﬁe Mupgelng and Gohn (HQ‘Q; suggest Lhat Lha
awount of phuthatiﬁop&pti&a ﬁhosﬁhuru may V&LV‘wlnh the putritional atate
dad nealth of the a;Lmalﬁ aﬂ.intéréstimg point iﬂ vic@'df the known. V1flahigﬂ
of the amount of the endoplosmic reticulud with di jet (Pawcetl, 1955
Bernhord and Rauilier; 1956}. ,Ehe digtribution within the cell, hmﬁﬁvgf;
at least lu the kidney cortex, does not support any attempt to relate the
@hoﬁgh&ﬁiﬁomﬂwtmdﬁ to fthe endoplagn ﬁ»aréhiculum, gince 1t is very pood
Jin the microsomes and richest in the mitochondria, This finding mmy,
 §bwmvér5 be ddﬁmﬁcteafwiﬁﬁ the fadtvthat kidney éer%éx is not a aecr@tﬁr§7
“ tis ssu,é . ; |

Both Foleh and Hugging have succeeded in identifying o lerge numbexr
of andno acids in their phosphatidop egﬁidﬁs (fifté@n and twelve r@spﬁgtiyély};
but thelr investigations have been dlrchéd fﬁiﬂl&“%awardg tho ghosphorus
comyoﬁemt, Bornabei and Perrari (19@1)Ahave‘ﬁtuéie§ phosphatidopeptide
activity in incovporating amino acids, which they find to be guite hi '1

Phe ncetone~ and ﬁlauhﬁl/éthf1MUuLuv7< fraction from Poheprecipltated rat
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*lmv&v al.sc 1ugofmaraﬁ@s.amin0 acids, %u@ not to such an extent, With
'Lhu ngwphﬁun of rthmmnmnw, whiah pmwawfully“iﬁhibitﬂ uptak@ imﬁg both

plDL@lﬂS &pd phwaph&G1d$popLLdaﬁ, iaatpi which 1&@1ULt incorporation
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uLhurﬁ sugrost that 1n 8 ﬁay be b@ﬂﬁﬂﬁ@ th@ maximam Level of incorgoration

’iﬁt ghmsnhﬂtL50@ﬁpt;d@ is r@&chcd mcyr vxnxaly»
It is clear, therefﬁwa, ﬁh&t wonly Lipid-like substences containing
’amiﬂoﬁﬁ@ids_hav&"ba@h‘éxtracted fﬁgm.& vari@ty of bissues aﬁ@ mieko-organisns,

_aﬁd.ﬂxvr heen havn to. be capable ol Jﬂuuipﬁxﬂtlﬁ” andng acida, These

béreparétimmf may be hre‘aﬁ&m;‘és fﬁllimg r@ugﬁlyginﬁb two main clanses. L
?&aéé in the first group, such &S,ﬁhﬁ*ghasphatldapcptldaﬁ ol Poleh and

‘af Hugpins and Gohn, ﬂavw heon ﬂhUWﬁ to contal p@ptmﬁe eﬁalms. The
ﬁuﬁﬁtaﬁcag in the second g ‘ﬁﬁp.ﬁ%ﬁ described s&mniy as “lipo-oming scid :

‘ﬂ .
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17&3 contain pentide ch i m.xﬁthar than s single g@lﬁm acid vesidues: the
WOmHlblljby has not hﬁﬁn rigaruualy ny¢uw0ﬂ, hQﬁ%Vurp althourh Godson,
Hunber aﬂﬁ butlur (1g Gl} ai& find bhﬁL the o't nighly 1&bell@ﬁ‘fr&atian 
of th@ pr@pg:&@mmn waa‘a;yhosyho poprotein. .
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're;&%iqpshipﬁ arc (i)lﬁhaélhley a1 ahom:LaLly Ld@ntlcwl; (2) thot the
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3alvonb ‘Mreauy’mmntL&n@& makﬁ 1ﬁ'ay§§av un7ikcly hhat ﬁh@ txegtypﬁ&

ﬁ? com@l&x_arazidentical, @at there ave s number Qf Nﬁﬁd1m1lﬁ dwfieren@a
'aléa; Thus th@'gﬁmé§héﬁidoygpti&é ﬁ@mﬁi@’ by 51rn4?c¢ and bC?fﬂ?L (1Jmljf°
can Ancorpora Lc amino éaids in ﬁh& pp@&ﬂﬁﬁ@ of such Lﬁﬂibihﬁx} a‘ cy&nié&
or aWOramrhenLcolg or in am@nrobmo ﬁaitlomUu It th@réfara'éméms pfﬁbéblé
ﬁhgﬁ it is not Lhc same wub&tdﬁr9 as Hunter'“ liﬂOmmmLﬁﬂ aoid camn1ax3

. waich is $énsitiv%ito;ahlergmph@nigalg&0$ as=ﬂenﬁler's aminomaaidgliyi&’
_mmmmic», which 1nu@rparwa aéiﬁa é&idsfenly when protein ayﬂtnc&ig £

tf 1n@ pia&e and wmuld pﬂcsumably bc DﬁhLbﬂbw& by ﬁyaﬁmde Fur iho _—

'ﬁasom¢ the . Phﬂ%ph&tiﬁﬁ???t&dﬁ manno% bo derived from such uamplcxaun
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The;tﬁir& possl blc L@ldtlﬁnbhlu bobwveﬂ these qu‘tyGSQ of’ bunuLm;‘ ig .o
that the nhuannatldﬁp étiﬂe nm&’he‘a Precursor 0” the “1iﬁ0maminoJa¢iﬁ
ganyl@**.“ ”hig is aauowtabla wnly Lf the laiﬁer bﬂﬂt&lﬂm & paptxme chéln
»at L¢g5L as 1oy { " thgt of Lﬂc gbm}pnﬂtmdup@ptld&‘ ;thgr&'isgh? i@iwrm&tiomf
oﬁ’thia,gainta e
.Alﬁérnutively; it_ia;poéﬁiﬁlé %ﬁét th;r@ is no é%féé%'gwlaﬁiqnahip
amp_g the vmri@ﬁs 1@@i@ Gamgléxa&'whiﬁh h&%@ been obbained: by dli(ormnb
‘ﬁark@rs. Tﬁéyvﬁayjinsté&ﬁ ferm'part.gf different. routes of hratez

gyonthesis. If so, it is dnterest

]

ing to speculate whether they mmy be
comected with other possible mechanisms of attachwent of amino scids to.
the microsomes in whimh“sﬁﬁﬁ is not required, such as the "S protein" sysbem

of dachs (1957) end of Rendi and Gﬂmmbell {19a9}, or the enmyme-catolysed

puﬁthy observed Ln.ﬁl@a?lg@uﬁa faccalis by‘ﬂeigaﬂakl and. Ochoa (195@)Q»V
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Nmnallv, it auauw& be . natvd Lhab Lha measur ﬂmnt mf amino nojd uptdke;~
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RV in‘aﬂ“pwotmin Qreaipitate abtamne& by the use of ﬂGA or gome other
.. precipitant, may not be a valid iﬂdiﬁ&ﬁi@ﬁ of'the.uyﬁ&ke intugthﬁ protein

ﬂ‘ﬁmrmallyagr&&ucéﬁ;by the cell, It has been ahuwn that 1”% hmnede bl‘ﬂ@&
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&cén gurpcraﬁ@ ﬁ&ﬁLQ&GLLV@ fwymmne lﬁtﬁ a bPFCLflﬂ aﬂleQuy mrmh@iﬂ, bu%

V‘Luqt £ th@ ee*lm are mmghan¢ 1lly Gﬁmag@d Lhoy no’ Langmr Yﬂﬁh% thL*”{"
°pcc1flo uPOtLln (ﬂdﬂoﬂ& mlﬂkln and nOlkg J@ ba ‘hey‘acnﬁmﬂue, huw&ve;,
to nruﬂuue B Lab Zlgd aroteln prgbiﬁiﬁihﬁw Hgnca anino ooid ingwxpﬂraﬁipn

bugﬁt,%if pogsihléy to be studied in specific ﬁyﬁﬁs(ﬂf yﬁat@iﬂ.whichjﬁan

be chmfa@ mrm ;ﬁ, lmmunaioglaaimy'or by thedir enanJﬂ a@tmvsﬁy ané.ﬂmﬁ"

hwfwﬂy'ln an.ﬁﬂidmnh'ﬂlod "orotein prec nitate". - 14 3u‘@enﬁra11y mmre

qcﬁvemlenﬁ‘targtu&y secfatory érotﬁlms, upl B85 snraﬁ'&lbumin in th@‘liver&

Qi' leasa or - uaymmhyypﬁlnmgﬁa in tha gancreaa¢ wailch are-both upechl

and pro&uceﬂ‘in éaﬁily ﬁmteetablﬁ aﬁcunﬁsn Magt of the work on protein
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- mfh?he enﬂonlqu 16 retlvulur in’the BECTE tury cell is,to-§waviﬁﬂ'a tf&ﬁsgééﬁﬁ
sygfém to carry proteins to ﬁhe_céll‘wmli'for export, it will not be ;éé&é&
in &cﬂbﬂés&cretow& cell. There is ihdéeﬁ.avi&enﬂa that in non“vamretéry ;

- cells 4t ds scanﬁ§, arl mﬁy'motfunmﬁiwn_aVﬁn in h&é}é§mthaaia of"@ru%einaa
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0 : (af‘wabhit cnluayces (Bishop, L$@?‘and ﬁchw&et,'lgﬁo) and not in a méﬁbﬁﬁﬂ
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e t
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o The chjei mode Of 1ncornmraulun of free amine acids involves aﬁtiv&ti@n;,;
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solvents gave s N fipgure by the Lowry vesction about 8§ higher then that
piven by the micrawﬂjeldéhl method (corrected fov phospholipid M),

A check earvried oud on.ﬁhgltechhique of the reactlon showed thatb
~althaugh, B¥S ngry‘gﬁxg£ puihﬁ out, iﬁ la necesgary to mix the solution
vary fﬁpidly after the addition of the Polin-Ciocslteu reagent (this is
nmost eagily achicved by bl@wimg the rengent in from o graduated pipebtie),
the time allowed to clapse between the addition of the alkaline COPPET

reagent and the addition of the Folin-Ulocvelteu reagent does nobt seen to

be very critical. Lowry et ol

T e

mgnbion 10 minutes, but & minvtes scem
to be sufficient and 15 minutes is not too Llong.  The time allowed between
dhe eddition of the lolin-Ciocalteu reagént and the measurcment of the
optical density also appears not to be critical, ss the reading wos the
same 25, 30 and 45 minutes after addition of the reagent.

In this method of estimation, the calibration e@rve used wos not
strictly lineex, although it was approximately 5o up o an Ol of 0.55,

It wos therefore necessary to read off the amount of protein in coch sample
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qecomi dlimcnman, hy 'Lhe aacemln ngf 'iwc,hnlquo, :in & rhencsl/wa tor/ammoma
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m&de t‘o r:lum {.hcz pmtmn& m' p{‘p“ﬁ:.& des Qf the l:i.};}.a.ci e.xtrac,t w:z.t.h pltossph&tc
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‘2) Jetéction Qf-lipiﬁgf

It*waa foundftﬁﬁt SQaén IV, the firs*' atain for lipid tried, was too
‘inﬂénsitive and Lbo “ann eveniua1ly used ﬁua Sudan Black, &CPOleﬁU to-
ﬂ~a mudlixcqtlon of the mchhod of Uﬂnuurijclé and Smith (1955) . The pap@r
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athanol, «hlch h@d bacn ma%ured for o few'da 3 and then filtered. The
J B ‘

paper was qulckly r;nqed in oO ebnanul and thoroughly washed in 407 ethanol -
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5) 'ﬁmUQQLLOu of POQ“OJQLlVluye
| Ln oxperlmean in whiuh the procoin had baen labelled with r&@io&ctiva.f
: leuéine,-thehstripa;wére-examiﬁed for radioactivity by means of the Aétigraph'
(Vualonf bhlg%go) %utomatnuécanner,'méﬁ dt s maximum~sensi%ivity, ﬁhe'i‘{;jf
-iﬁqgnt hCiﬂg 1nto&rwted ovor o pcrtud of 4 qecondm, since. the aaLLVJtV of |

VW'mésﬁ‘of“ﬁhawatrip wa§~fmund'tof%s very LoW.

Inject¢on oi r&djoisatOPOb in vivo.

LT R

qurwormfwﬁe de(DL)« Leucine, obtained in the solid form froq1the
@_RadLochomLsal CGﬂiTP, nmor,hﬂm, wos diasblved‘in>&igﬁillgﬁ watber and dllutea
5 aiv-lﬂ 0]ut1on coﬁt41nlnr 5D e pér:mLo( This solution wag stored a*
unt1l bho dqy o{ tho vmpar&men&. It was then diluted With«aodium
jnchTUrmde MOTutlon to‘erb 2 0. Qm (phvéloWOgLCd J normal) saline solution
containing Ra pe par m! . Half s ml, of this solubion wos lnjected via

the tadl voxn ¢nto edbh rar unﬂer ether aﬂ&outhesla. Injection vas made
aﬁsxer by ne&ting tha Lu11 1n ‘o beaker of hot wutor ior s Tew moments belores

h&ﬂda‘ 4The 1nJoot¢0na were porfarmod by Dy, A.{Fleck‘anﬂ_broiv. Gogwami. .
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may be compared with those in Table 3, where the total ¢ extracted by the -

secies of 11& 1 nhs aftww PCA trestment was 118 pg. per 00 mgpyliVExg

0]

cond the total N 520 pp. per 100 mg. liver. The corresponding figures

when‘Tﬂﬁlﬁreatmegt is omitted are seen to be 104 and 78 pg. regpectively.
The total I extracted 1z thus of @h@_ﬁ&m& order as that removed by 11@1&
extraction after TOA precipliation, but the nonwphmsyﬁwlipid N ois-aliost
eom;ﬂﬁﬁelyiunﬁisgalvedo The genaral, ﬁ*thoyn of th%bfigures in the. lagt
column was. cmnfgrwm by the Lowry reaction.

it mmllvww from these data that tha anqulﬂn raguired for the
extraction of ?lipiﬂ H" fyom whole rat liver homaggn&t@ differ from those

which bring about the extraction of phospholipid. Goe possible reason

for this difference is that in Wi=precipitated specimens the aamdw soluble

residue vatawnv 2 small quamizty of TOA, and the presence of aold in the
lipld solvent mey be necessary for the extraction of "lipid N, althauﬁn

not of phospholipid. If leck of acid is the reason for the failure of

acetone én& @thaﬁw; vo extract "lipid W' from s specinens not pr&vmoumuv

trested with P04, then one would expect thot an acid-contalning SQLvenﬁﬁév .
suoch as the chloroform/methancol HCL nﬁxiure used in the experiments déscribe&;j
in Table 6, would be effective even without prior TCA treatment. (Thg acid
content of the drained [CA-wet precipitate is probably similar to that of |
5'ml, of ch*aro?urm/mgthanal/ﬁbT) In Teble &, however, chlmrofarmﬂmeihanalf
H0L was shown o remove .conslderably more "lipid W' than acetons , snd it is
possgible that %he substonces removed by the different solvents are not the -

e

same.  We thereflore carried out two experiments in which samples were



'r%ruute fire Lh tuw wunl a&riaﬂ\of‘wu?v ntug and then with chloroforn/ -

;uuhdnmu/ﬁ 1 ﬁ@ 3ee,whenh&rAthﬁ,jhloroib :ywmuhunul/Hcl removed uny.

furﬁhéf;ﬁ_' d N“Aw uwrxai' : Lmzlarlv, gabples exﬁraéted Firet with

Y . . . Sy

”chWoraiuc%AncLhdnot/HQ“ Ve '“-then %P“auﬁd wi bl Lhw ugualvséfiéé of

salventgr.‘ These p]DQ urcs were carricd out on both unfroated ond Tﬁﬁf

'hvwwtsd~miufqgog51 ~c11ubup mﬁﬂi%ﬁé}’iipid f"‘anﬂ ?ﬁO‘PﬂO'L}lé aunthﬁb 5
:ofiﬁhe.varioﬁg'éxfrz:cﬂ:ﬁere eéﬁfguzfﬁq ”'Tﬁélrcgulﬁé‘are sdven in T“b]d &-
et us Gons: lder Pjygb the ¢ @iwnerefﬁha'mﬂw@%ﬁsuwayg iﬂabtéd witﬁ
PUn;befére éxtracbxon with'lipiﬂ:'glaﬁntgq "Af%er egﬁrﬁcﬁianvwitﬁ %hé
'u;uailgéwiﬁﬁ mf_iiﬁid' ULVGHL 35 oxbrvot?un mth unlufmiopw/uht;sﬂolféﬁl
romovos. vory intnlo iurtnﬂj Lho;puﬁjlptd (geUV}mg;}*i on the othefluéﬁg;ﬂﬂ
‘ﬁﬁa a",;LL£1uns w;tn chTUEOfoLqﬁneodanuifd i, ﬁ;0d2§§:4ﬁe'JiitialAgoliaﬁ%,':

.,

remnove the sane quantity 0£4phqsphélipid.aa in.thn fivst ¢ nspg amd

. subsequent ﬁroatment with the usual so nts removes very litvtle more
{004 mp. ) lhuu hoth ﬁypﬂtﬂﬂﬂbm:uﬁﬁm to bo fully efficicot in the
vxtrﬁcﬁion'of vhospholipid.

ﬂm w&r'fmund o

lier (Tleo 6)3 uuluraf rm/mcthazUT/}bl PEMOVES noTe:

.

’W1~m& . (Luau'mg ). th% thufusual scrics of solvewia (OQB? Mgo), buﬁ Oﬂlyy;“f

i it is vs Leiurn the othcw solvents. - lreatment with QQTUroiwr@jmc hanul/
HCl-dft@r XLI&CLLUM mn%h Lho 19uu1,#eriﬁs removes very 1 tjv further s

S
;..J-

? (O 05 ms.)°  vouﬂoxpuly, alLﬁr initiol QdiOLQLOIm,ﬁ,LhUﬂOl/UL%
traat&anﬁ; the usual solven b r@mmv&‘vexy'littl@ "li@id.N"a(O?OS 5o } o

14 thus apmuarg that the usual solvents ave loss efficién% that'chlaﬁofﬁrm/(fww
‘m‘uhsno!,;bl in ?pmnv1ﬁﬁ J. d ' but ﬁhﬁﬁ_afuc@ tnp¢r usg,thmi"éﬁgeﬁaﬂ.

-“itu&d N“, wnlch vqm nrOV1uu%TV mOlUbl in,chloroform/ﬁoﬁhan@l/ﬁﬂl,‘is*SU



TABLE 8

Effect of lwpld solvont breatm&nt on rat liver heavy MLCrOSomes

(untreated o precipite tod and washed, with TGA)

Microsomal pellets prepared from rat -liver werc either preclpitated

and washed twide with lOe;ﬁEﬂq by torod in ice for about 1 hour.

Thiee sets of ecch series were then'treated ags Lollovs:

Anelysed without extraction by lipid solvents
fixtracted with acetone and the other usual solvenbs, and the extracts

pooled ("lst ex tru»t“), then extracted twice with cniorafu'm/

brtracted twice with chJoroioquncthanol/ﬁbl and the extracts
pooled ("Lst extract"), then extricted with acctone and the
other usual bU'VQnuq ("20d extract”),

The results ave the mean of dats from bvo experiments, and are

expro sed as mge. in the microsomel pellet from 100 gm. liver.

. Constituent - Fractlion : Freviously Not previously:
analysed treated with TCA treoted with 1CA
A B o A D G
protein Resldue | 076 Lo79 1,041 2,65 - 1,58 1,44 |
(3.25 % S R |
nomnucleic lat extr. (acet.a“tc:.) w o Q.97 ca o CeBLT o
acid or none 2nd extr. (C/I%T/HC:I.) ™ 0.03 - o 0717 -
phosphow total extracted - L. 00 - L ow 1,62 K '
lipid N) or | A o
g lat extr, 20/1‘-.&*/}&&1.) - - 1,551 = - - 0e64%1
2nd extr.. (aceb.ote, ) - - 0,08 | = Q.47
total extracied L - 163} o Lyll
total. recovery De73 BT 2.67 1 2.65 3,10 2,55
st oxtyr, (aceltoetcoe} = L7 - o 0,98 =
) 2nd extr. (C/A/HCL) (= - 007 = |i= 0,10 =
Fhosphow= total extracted @ - 1.4 e o 1.08 -
Lipid or , ‘ _
. lst extr. (C/W/HCLY (= o LO7 § - - 0497
2nd extr. (acet.ctcs)im - V4 | = - 0e1.5
total extracted - m 0 I I T R |
. i

me thanol/HCL (200:100:1) and these two extracts pooled ("2nd extract ")
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né lﬁgger, These da 1‘grékbﬁﬁed on t#u c%;@rlﬁuﬂtu iﬁ;x Vich the A«
bbaaﬁgﬁzgyecimgmg,gave'véfy_éimilafirﬁmultﬂ..,

U”ipgthg ase of lho m;cro sl sellebs v whi.ch Wﬁté cremuod wmth Lipid
sol&ééﬁé ﬁithm&t priov prgcipitation ?ﬁﬂ,ﬁcﬁhiﬂé VLth TO; . mu"fh zid
'wméwéﬁt?&chéﬁkalmnﬁt‘aumﬁiétgly by‘the’firsﬁ m@ﬁ_of gdlvwﬁﬂs ugod, jﬁﬁt 0.8
44 the ¢dszzdf the gpoéimcn) treated with TC The ﬁeh&viéur of‘ﬁﬁc
-”JLpJG M”; hOWLVGT, waé>sit&hb1v‘iiéﬁ&r&1t‘in thewﬁwo?é@périmenxﬁa” In
Dboth, ﬁhe totalinonmph05§hplipid I eﬁtrﬁcteﬂ bv’the variéug;lipid,solvenﬁs'

from_buun gpecimen vas about the same s that ixum the TCA~trented urQOlmSﬂ

c%

lﬂ One - Qﬁnuvimvﬁi, hUWbVﬁT; the first solvents (whether the usuval “aerw
01 chlorof orm/qcbhanJl/”CT) ovtrdc ed little "lipid MY, while the Lator
5mlventm weré‘fullv“efficien%. En the other exporiment the greater pory

o[ tﬂw "Jxﬂsa " digsolved in the first seb of solvents used, and only a

-

h

tﬁle‘ﬂowe Ln thc lgter 5olvoniu. The extraction of "lipid I" by the
first gﬁrj g of.sglv&nts thus seems“ta‘b@ almost an "‘Llwar:nuthiﬁg“
phg@bmenon,.énﬂ-théifigur@s in the Lath marked "?ﬁ, beiﬁg‘averagesfof».
the émouﬁts-éxkr utea in the two e“pcrwnwmiu, are mislcading.

CThe flﬂﬂinw thatb;in“on@ @xp@rimeﬁﬁﬁ“%hé:first set of UWVQML& meOVFd
“LLmld N" fxon uampmxh=1ﬁt tro&vmd glth 104, seems to contradict those of
-walo s vhich ‘showed that “ljpla N“ vns 1ot extracted by the usual salvents‘
witﬁémﬁ'Qrimrcﬂﬂﬁ.tfeaﬁment; the difference mgy be dug to the use of vhole ”
hamogen&té‘in ”ibWO 7, vhercas in-faﬁle 8 wglﬁfe deﬂling‘with a ﬁicr“aomal

prcyarﬁtiQn, ' HL any rabe, Lho yrosmnm ¢ of acid:&ous not se@mttﬂ e

necessAry for. fhc ex ractlmn of “le?d 0 hy the solvents, since in each
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‘ :::;;m;.mc:z\t u}m (,uJ_l)J oim".m/ matnwmi fubl fﬁl;'tl"dt.- l,.u.m WaE 1o, more efftdeient

“fhan dﬁtraubium'with‘the usual‘saiveﬂﬁ“; e thcl:s;, th@ vorisbility

- observed: whor aﬁi&'preéipitaﬁibﬂ'ﬁ&ﬁ:émiktédnlgﬂiuﬂ to the. conelu ion
that wore reproducible. "Lipid We- ,At? ction could be obiained with prioo

use of TCA,

th finﬂiﬁgg obtained Trom &nalygis of ﬁhé‘ﬁ‘cnﬁﬁﬁnt of the lipid-
L“ﬂcg from 1@ﬁér céﬁ”hé Kﬁﬁm&Plde foiiéﬁ&@“:
(l)“ The ﬁaﬁﬁl ﬁ‘éétf&ctﬁé by our usual lipid salvgﬁ%é sfter TOAL
D?m&Lplt&L on. repre .ziékabwut é%JJOf‘yh@;téfalﬁaéidégredipiﬁéblm-
W o.i the - SJU.Q‘; -
(2) EhosPhol;pxa i acéouﬁts.fbr;only & ?Grﬁ ﬁmail‘fréoﬁidn éf ﬁhiﬁ,N;
‘(3) The ihﬂ@uﬁipn of accfoﬁe in the'extraction'écheme does not greatly

alter the extent of thg loss of W into the Lipid solvents.

(&) e .usplafvﬂ"intb ethanol iﬂ-é Lightly incrcua@d by a ‘prolonged
‘fiyexiuﬁ”bi!cmﬁl retlon.
tﬁ) udmyéft ug,ur lﬂlelLuﬂl .Lpiu,dolycmts'Shéﬁs,ﬁﬁa% ﬁﬁme éolvénﬁ?
narafraﬁher more-efféctivé‘iﬁ“remuving ﬁhislﬁ than otharu, bk
: pr§bablyfﬁuGh'th¢'sdné_métériéi ig/vamuvud Jrrospvcti§@'uf.thé golvganJ
(6) he material of %he linidrséivant‘e thracts is uoiublo in - - |
ch}ofofofm/me{héno /Jul (200 1&0,1), and’ can be fractiwn&téa
fﬁy mixing'théiah orolorw mcuhﬁnol/hbl qoLutlon with 0.2 vols
w.%aﬁér: ~wThevphéspholipid,r@m@;ys.in éhe Qrgania ph&Sa, whiié"

© the other nitrogenous material  separates. st the interface as o

wivite mat.




(3B

;(7)}iThg effééﬁgéﬁ ﬁi@idLgél&aﬂtéJGQfﬁhdiéilgvérfgpcéiméhs ot previous Ty
e i -;‘:eﬁpoéea.té‘faélﬁgs eﬁ&nﬁnea;. The qolventa wore oiigct1V@ in
Lhe I’PIE’L(BVc.\l m f;aha,:s i;imﬁ p:%.ri fbut Id:i._d. mrt; :r'nfemovfe mi.g;iiii’if;;‘an_t

nn‘:-l,ul‘{. of “,L:Lpi.tl I‘\!"”¢ |
;(é} ;thoruiomnﬂmnthanoLﬁﬁJi roNoVes 7m§£§."1ipia ﬁ“.from‘Tﬂﬁétfe&ﬁﬁd
o miqrosomes Lhap ube other %GlVQnLB tosted, but'only if it ds

qud gats Lhu JHELLuL.ﬁﬁlVQHté“ 1Lydona not remove any iurfhgr
"lLasa N {rom ogvclménu pﬂe%uuumly O“L“mcuuu mmth other solvents.
'*{9} .AUOXQXLQJLQEV Lhe- jame amount oi “1Lp:d Nt Quuld be, extracted from -

| 4:mi¢§q$pmai pgll@ﬁsﬂnoﬁjﬁréviﬁusly tT€|qu‘WLoh A as imem.%haséw

" which ﬂédAbéah:%raﬁﬁea." Somebimes the first solvéﬂhé used

v,'emaﬁat unly phog mhulipi@é.%ﬁe “lipid7N“Vdiasolving in the
:lmtgr_$dlveﬁﬁg;Jﬁgt'oﬁ7ﬁnotheriuccasiqn.@aﬁh phos phwllplé anﬂ
‘ﬁlipiﬁ'ﬁ“-dissulved iﬁ'tﬁé initial series of éplvéntsi This
'1atter 11t dlifﬂf from ﬁﬁat mentipﬁed'in”para, (/), «0$m4bmy
ﬁbOA&UnG of a d1fimrpnpo babwwan m&cro%Q@@  &nd ﬁhuiv Liver.

Thg présence Of t“aces of 401d duann extrection with Jld solvents
..dégﬁfﬂﬂﬁ seem to be neqegsa#g?fay the removal of »i aid N“},gn&

fﬁé Qﬁseﬂéé.oﬁ acid ié'p:obabiy ﬂmt'hhc‘réaéﬁﬁ for*theffindiﬁggh

in pova. (7).

Wﬂz unccrta¢ntio¢ a“$DGL vbed with the extraction of "lipid N" from

whole‘liverfand micrdsomeﬁyxep&ratibns not previously treated with 704

Jmade us decide in avouw of o schemz -in which'whole liver homogenstes or

o livar‘céll‘i Lnonu are J?ucwrttated and xWWH”d AR 10 TCA before

]




v (b

treatment with 1ipidxswlvents. © For lipid extraction we used the

golvents shown inﬁFigur& ¢ (acétmné, gthanol, ethanol/chloroform,
ethanal/éthgv twice and ether) because, although this seriecs removes

rather less “lipidVW“ than does chlovoform/methansl, it may for thet resson
be more selective. ‘EOr@over, it allowed us to compare our results with

other work carried out here in which this scheme was used.

K
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o Ehﬁﬁwhui301ﬁ ﬁe*thefgfgyé considered in uuru,uha'g
b mzunh Togs (a) nual ,ﬁgaid #or (b) protein N.-

LA Extrantiqm of @mé;giéfacids by Lipid solventsi o
i@ m r b@@ﬂ {ﬁﬁ“buu (Vbnﬁzb raman and Lowe,.l@ﬁﬁ) tn&t the trest
of 1u}mWLt Hwtnllml w1Lu mthan@? can Mwad tu @mﬁraatlun of up o

2

LgLQGTﬂ mxo &A&« npﬁhila @V&ﬂ.ﬁa“gxcat on e“ﬁwﬁvhlwn uf?

for inv a sm&ll fﬂactign;%f>theﬁﬁli§iﬁ ﬁ“ the alﬁ:

uanﬁr gxansdur@ mnyalvnﬂﬁ PLhanr; ﬁ;za&mﬁn uy Tuumﬁ?ﬁb?%liﬁtpﬁ‘

afapqmmmam j uu@d in Jne &sﬁimﬁtﬁon bx nuulozc~1 ide dn £1a§uewa'
In the fire L 1nnﬁ&ga@} {C)Lﬂwbbﬁ o, vffi@t of" ebnannm am 11v¢r 5@;

"hy éaﬁﬁyinq aﬁt uhu]groceﬁuwa dﬁ ctlhau hy vvngmhavxman and hwx %hL<

K.

-;¢nvotVﬁd Lnfﬂw n 1nist&g;$:

s with 5 fz:c.,fx

@

.(b}'_exﬁracticﬁiaf'thc rvsldu@;withjcthanu? (EtLlﬁ at QQ fth@m

R romm,tempsr&ture} &nﬂ ﬂLﬁh haL tlanul/ahnﬁrg amd

¥,

e} iSQ LLon of tho KNA From &h@fwa hud res ¢ﬁue hy"@x%ﬁac%iqﬁ’

&@Gmf@iﬁ to Venket¢ram@n and LQW@, omlqumn of sta&g (b) L@ad
"'rongavlﬁs mf ﬁ%u

cytoplasm Lo this -
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hfieat uI organxc uolvani OAtT&CLlOH

"un tho Hh“ contont oi rah 1LV9T ovuopla&miv-

‘The*méthddAi Lhab of VEn{ataraman anid Lcw (L 09) ' ﬁbb%ﬁbhs'of

; levr in_o 20 M,aucroa@ olu .un conLalnLnn e

“1;30 hmmmwnamefxf

.;Ow18mﬂ Lab“Q were syun ior 10 mxnuton at 600g5 and Lha cyLODlasmLc

;f"qupprnaLantm wcte pWteplL&LG@ ‘and was h@a 4 tJmL“ wah b TC&. * Jour

‘;ﬁcts ofilamplcq ware thﬁﬂ braatad'¢ fo7low*'
:(') nd (¢1) x ore- CXuTﬂCtOd vi.th ethan01 und et hanol/btherg and
4(1im) Lnd (iv) were washed WILh bufiur wlbbout prlog&dﬁﬁﬁﬁé%iogi}
e by 1391& soLvontu._'. 7 ' . | |

I(x) anﬂ (111) W& thcn ﬁn&lysod w;thout fufthﬁf Lra&hmemto”
ﬂ(ll) ﬂnd(iv) wera GALF&CﬁCd Wth udxum chlurlde (stag “c)y avd

‘:?_thgifiﬁmﬁgwaggggtimated aftﬁrnremprecipifation by cthanol.f

'~ﬁTh@ resﬁltsg'whiu -are exPresse&.a< pyo v in the cytoplaqm fram 100 mge

. llVLf, WQTP obtdlned by th GF&&WO . and OTQIHOL mothodu°

Llﬂld solvcnbfgﬁ};f Isol&tlon 1 APLURC T DU R I
extrwctmon *#J.:'- of RNA - - .} ¥ estimation ! Orcinol estimation
i(ub&&b b) e »(wtape c) ’ e - LT

Bxtracted: ,A_,‘?(i)fRN&:not Sl e L GL.B
-by,LLp;&ﬁ_in;f\*f¢~iaolatea N - )

solvents

“*?(aL) w0l sae | R
: jbolat&d I R . G
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gsolvent ) - lSDlath N
ﬁa;,extfactLon Lo ‘

) o 516 | L 889
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cen Gl

heir KA content. é;“ij..mfseé' any a:x,pp'u}rfﬁrb I!.om' of i iedght be due to dncomplete

v

recovery in ubago’(c) Cwe al;a comnglcd thp RN&%content_bf Samp

. .
es dn

whiqﬁiﬁtag@f(c)viav uvuhbﬁd anﬁ the '%@¢du3$ nalf 36l dif GLMy, with er
Withéuﬁ'év LthlOﬂ of thw l PLdnn fhb rxjuita uf thepe utudluss Whimh_ﬁfeff5'
given in Table 9, indicaté’thaﬁ extr ﬁLOH‘WltB QLEHHO] and Pthﬁnol/ahae$r~
in th@.JQndltzon : 06 ﬂnwé not ceus ; lggé.éflﬁNﬁ{ ' Wnc los § obsunvﬁ@ by
'V@@ﬁm£arémmﬁ anﬂfbnwafdﬁas»no1 appear to be due to incomplete Phbflm%i@ﬁlQﬁA
T perLpJLALﬁDH'Qf itn'in sﬁdgé (¢, since this prncessLS@bmg to be.fulij.
ef;ﬁf’iéﬁ:eiﬁ;« o
Becondly, we Lmuhea thoe ochat Qﬁ_ifk.df our dwn” uai ljnid c”ufiaﬁidn“‘5
procedure . Iin Table,QOUQre ;hown the resulis of a POM”@FLmOn of IUbOVEflbh
of [ ;md DA by tm, uuiﬁnir} tm‘l‘lmmmau,:c 1 pruu*clum, _:-1;£""bor () no e:;{'tractiun

of liyiﬂm,.(b} ':Lrﬂctwan by a1l solvents oxucnt acouonu and (¢) extraction

s 3

Ty all solveﬂts 1nuiudin§ wcoionc There nay be o plight loss oi ”L (7 -5 )

011 Lrvatmoub thH the %uivcntm; b@tﬁitﬂis_ncﬁ nearly wu gacal as is claimﬂ&"
by Vénkgtﬂraman and, Lowé;_' éorebvar,'sinmé the estimation of N was n@rfa{ﬂ@é
in this case by means of the orcinol reaction, the mterisl vemoved by Lhe
- Lipid molyenys ey he?orciﬁnl;reauﬁiﬁn maberial uihﬁr than JHLA Thusiéﬁga
Cthe srall loss Qbuorvod h?rv on breatwent with Lipid sélvantg way nob be reﬂi;'l
Confirmation tnay l't;he extrac tion ol Wiy, if any, by Lipid ssolvcmtﬁ; 1..5

very sli g}ts WAs obﬁ&in@d in another series of experivents where micleic scid
was analysed Dy khe Mvhn 1dar method of extraction yith povehloric acid (MCL)
ag well as by tho ubhu At %&3uhuuﬂcr mrocsdure. Phe resulis, shown in

‘Table'll,jlndlaate thut nucletc ‘acids, os estimated by either method, arve
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@ﬁﬁf@u%mﬁ<£m a very smell extent, or not at all, by the lipid solvents.

The. figures obtained for WA content of the samples by the two iethods -

5

agree reasonably well, but those for LA show that. the LCA extrachion’inethod” -

gives results very much lower than those obtained by the slkaline digsation”: .
method of Schmidt and Thanohsuser. This and other aspects vf mucleid aeid

. estimabion were further investigated and are copmsidered in an appsndix,.

Phe findings wey bo summerised as follows:
: -5 4 BLIRLS, . 4

L) Bither cold 078 ¥CA or 10s TC4 may be used 88 ® protein preéipitant,

v 2

Comd solvent for acidesoluble material, without serious loss of. -

mcleic acids,  Contect with coll VUA for & hours or longer, however,

f

causes lower pecoveries of RiA, although DNA is wnsffected; ToA

is probably safer as a protein precipitant.

o
e
Mg’

RNA is efficiently extracted by two 20eminute extractions with . = 0 1

0.5l £C0A at 709,.but higher temperatures or concentrations of

acld may extract other ordinol-veacting moterial, and give values -
which are tov high.

B

iii)  The wost favourable covditions for extraction of DNA by :CA are

(8) & tempsrature of 70% and (b) a FUA concentration between 1 and

% M. o Bven so,: the ﬁxﬁraet.agnﬁainﬁ~lﬂss then 905 of the LNL éf f

the ap@eimeﬁ,\as‘mgaéurﬁﬂ by the ﬁéhm&dt;ﬁﬁagnhéu$er procedure. :

Tha'&&tte# m&ﬁhﬂd'iﬂ therefore to be pw@férr@é fcr“ﬁﬁﬂ éstimé%iﬁn{ L ‘
iv) The values obtained by the Ceriotil and orcinol rveactions fow

m@@leie acid f‘iﬁffractionﬁ prepared by tge %chmidtmfhmnnhﬁaégﬁ 3i¢ -

method (3éé Tigure 9) &gr@é wali‘withAthair total ¥ cmnﬁenﬁ} i




= (8

allowance dis made for the "concomitent" ¥ of the supernstant
(acidesoluble) fraction.
V) Yhe most suitable gcheme {for routine mnalyais'thuﬁ seens to hes

() rrecipitation and two washings with 105 oA within S0 winutbes.

(b) Exfraction with lipid solvents as in Fig. 6.

(¢) Alksline digeStioﬁ and fractiomation by the schmidt-
Thannhauser method, and measurement of (WA and HDNA in
the fractions (by i estimations and by ép@¢ific colour
reaCtiona),

This scheme was adopbed in the expocid

wbs on the effect of lipid solvents

- on mecleic acids, the rasults of which were given in Tables 10 and 11,

ie ave now able o accéunt Tor the disarepanéy hetween the ﬁchmi@ﬁmfhannhausef
‘Andiﬁchneiﬁér procedures in their values For DA content, and have ﬁstablishﬁéﬂ
the Balidity of the methods used. The results‘suggest that lipid solvents
remove no ML and little or no RNA from.TOﬁwprecipitatéd rat liver, so that

the "lipid N" removed by the solvents cannot be accounted for, even in pértg

by nuecleic acid . The further possibility, that it ls orotein o pépti&eir
in nature, will Be considered in iavi T of this scetion.

In the course of the experiments described in Tables 10 and 11, the
iipidmfree residue, after digestion in alkaeld as shovn in Figure 9, was
geparated into () an acideprecipitéble (DNA) fraction and (b) an acid-soluble
(REA) fraction. Duwring alkaline digesbtion, some of the protein of the
tissue, ag well ap its RN, becomes acid=soluble. It was thus paséibl@ to

estinmate the nitrogen content of the whole residue in two parts, and to correct




PIGURE 9

Alkaline digesbion method of Schmidt and Thannhauser (1L045)

The procedure was applied either to,linid-frecepowders
or to neutraliscd suspeénsions-of acld-insoluble material which had
not undergone extraction with lipid solvents.

*

‘ ' I heid-insoluble residue

|

Lipid salkent o neuntralisation
extraction o a? 0
N N \I;.r"
lipidefree .- neutral
: powﬁém ﬁusp?naion

' )
. .o I )
Tocubatiod in 1T -NaQl at 377 for 16 hours

v N
alkaline dipgest

chill end neutralisc,
vrecinitate with TCA

; \i/ <
Acid-precipibated
residue

-y

3 “wash twice
Ny, | r with TCA

acid-soluble ¥ N .
PR Sma washings acld-insoluble residue

supernabant ‘ .

make up to - ~ digsolve in
standard volume _ 1N NaOH, nake up

to standard volume
with water

\4 : ‘ ‘ ' 4
URNA fraction' - HDNA flraction'




TABLE 12

hffect of lipid solvent extraction on N ¢ontent of
T ¥

Schmmidt-Thennhauser fractions

The results ave expressed as wg. N in the schmidi-Thanrhauser

froctions derived from 100 mg. liver.

| ~ G g
: Treatment i Supernstant! Frecipitete !Total
f ’ ! Y i

i | i

! - / ;

| No solvent extrhction ! 1.02 | 2,02 ¢ 3,04
o After extraction hy solvents% 0.35 2,01 . 2.36




2o G

the valueb,so dﬁfaiﬁ@d fﬂfiﬂuciéiq ﬁéié préséntuv-;Thejniﬁfagen.lwss.&ﬁéif?f,:
to extraction hy. F;}d solvents Was»consi&ﬁentiy-abdut 20*00“ of bhé'ﬁbtgi?:“'
-npxh@nxcleix:ﬁxclﬁ Y{ﬁr;phm ;ﬁlDlelﬁ‘T% aﬂﬁ l&1l. Mst éﬂqgﬁureiﬁixﬁ firatf?ﬁa’f: 
be @onwlnad to:the muperumtwmt (BEA) fraction Obﬁ@iﬂédvoﬁndéidwyfﬁcﬂpiﬁaﬁiﬁn“fj
L of he -chml}L"Thonnhauuer digest.  In a ﬁ&ch& of exp srinents th%“;éfiﬁ”
QTOGLpLLdblb fraction (DYA Iraatjon) 18 not nﬁpewrgﬁé'guffer.any 10Ss'§f E,w”f
as m&y'b@ seen from Table 12, | -

Lébmr, however, W Mile the total 1uss of ¥ remaing@ QQnﬂt&ﬂt.at Hﬂmgad;rf-
it a@peﬁreﬂuﬁhéﬁ the I¥ of the predi@iﬁaté ves diminished aa-ﬁéll‘ lhm;‘mj
the 3m@e§ﬁau3nﬁ. - Tﬁi& 4 iiG}ﬁﬂCG in dis trLbublun wa.s shown not be atﬁcibutab

to the'fact'that:in éomq of the»l&ter ezperim¢nt5 gmce'hau béen used in¥p;&ce
) ﬂfﬁrathq‘urf to cell ir&ctxoua@xon.vrocodurou, 'As;@dﬁ"éhﬂwn\later Ey ﬁiack“'
anﬁ funro (1961), Lh{ uchnuﬁtmlhannhaudar pvogedurc La‘vovy sen eipiﬁﬁgﬂédfjf
f@f 05 the dcgradﬂtnon ui p?étonn to &Qldw oluble proaucbs i GOHGGTRO&,»
to dliaht V@wiatlons in the Luoubutxon LOﬂdltLOnu, snd no doubt this was
Ln@ 2OUSE oC Lhc variability f‘oundw {The“results showﬁ.in Tqble.12, QQ suggééﬁ;
. however, that the “lipiﬁ ﬁ“-nmﬁeri&l is more rcadlly dcprvéed ﬁ& digesﬁioﬁ} |
'_wmth alkali than bho proteln of fhé llp:dmfIOO resmauc.
B. Thc prmteln coutent of the ljpid an‘%cnt ewtraut; 

In the pfecodlnn ﬂ tions it wos shown, fixctly, that “the’ nitropcn
’p?csonh in the Aapna qo1venb extract from liver is not acmount@d Lor by
the bases;of hc phospholelés exkr&cted“by these ao‘ventwfhg; caondlgg
the los&)@f nucleic aclds nLo these JOlVbRLi, ifzi%zo§Cufs at aJL, is on‘“”-
such a émalltsoale.that iﬁjcannot add gigniﬂicéntly to the*ﬁ"ccnﬁent»qf,thefAY '

T g




? *79?';£“

jsaLvaﬂt ekhractwv’ bon eqngntLy, *é mu$t~lodk f&wwﬁﬁﬁﬁrﬁfofmé,dﬁ:,;

wé*ﬁiﬁrﬁy@nﬁin*the extra@iﬁ of whi.oh prnbein im by far l wa & wahegyu

v

}.hm &’:i"&f’(‘h f’o}: p:t*otc,:: n in ‘thc: 1i pid 'a‘f}l'.fizf‘ﬁu‘lts Was m:»zdr:—; in ~v£,-:’$§‘ifa:cal vfe}y,isf:'; 1,

(a) Thw pugtlﬁ

or protesn cenLent of. Lhe ,GXVQn%'extraet‘waﬁ:"

mgaaur@& by a ﬁmrm Qf Lhe hmufcu rametxcn¢ and compa ed Wibh.bhﬁ nwnm:

e

3 ”'h;nhwﬁrnal¢pjﬁ ﬁ, tmmate of whmwh Was abtaln@d by ubir&at10n of thu R

*fgfiﬁ s@hu 191& N 'Gm,th@ ﬁaiul Nw

P - : i ‘ o i

(b) 'Tna drlod rﬁusﬂuc fram Lhu lxpwd ﬁQlV 1l @Kﬁf&@%”was“hy&ro ywad

*’bﬁ' wr@l daﬂﬁg dnﬂxbh@ am¢n0 nLtrog@n caﬂtﬁnm of th& myﬁrolysat& mﬂdsufeﬂ'

'~§£;b3 tha n?nhydr1n=grccmduf@,A $h;u iigura was unmpargﬁ wmuh that for th@‘~'

”nmnmpnnathTipma ﬁ of the mrl&mm&m axt ﬁaha

""Th@ &Gdd hydrolymate Was Oﬁﬂmiﬂﬁd io: frc& aminm seids fby twan

Fea

ﬂ;dJMQQﬁLOHﬁL papaw Ghrom&tﬂ xﬂﬁth ﬁThe ammnu aoﬁa ga t&rt wuLuh dpp@&?@d

lwuﬂﬂEf Lhose' aﬂdinxanm WS aomnA£ga with hh&ﬁ Of a chramatogﬁ“n uf a ﬂimil&x

”«T@)i‘an &ttempb wuﬁ uuﬂa tu b@parats wvoﬁvln matermal by phesage

¢

thmuugh o moLumn of 1 3Ml% uel&ulm$éw:n

ff(a) b0mp&rkw0ﬂ of the value by hxur t reactﬁon wmth tme "?1nnd N“ ﬁunﬁmnt
ﬁiioi the ex hraat‘

lhex@ ‘are many modifications of the biuret resction forj@glyp@pti@esf“




VAR

and Jl@t(llﬁ, sone oi whieh, like the Lowry wethod, inclulc reagzents which
react als 0 withh the phenolic amino aclds. dinee we were uncesrtain of the
wilno acdd comositlion of our material, we chose to use the originedl biuret
re&ction, in the quentitative modificotion deseribed by Gornall el ol (1948}
for 4he meosurement of plasus peobein. dince we nad no izolated protein

from the Lipvid exbtract to use as o sbandard in the ovesorabion of & colibiae
& i &

bion curve, and gince it is known that, at least with the Lowry procedure,

the colour developed by differcol proteins is quite veoriable, we us two
gtandard proteins to calibrate our test. One was egs hum:m, the other

casaeln. Both in fact gave similley cuirves by the guantitetive biuvret roeaction.

tn the basis of these standards, the "protelin aontwnt of the lipid
extract from ralt liver was found to agree well with the "lipid o content,
i the proteln is assuomed wo contoin 16, of N.  The estimntes obbained
ace plven in Table Lo,

This result was cxploited in a#gf experiments, such os thoso on

.y

radionctive incorporation (see Lectlon Y1), in which we required a rapid and
ﬁiﬁple method of estimating comparative émﬂunts of "protein' in Lipid solvent
s brachs. we used the wodificaticn »f the biluvet reaction described by
\Léwrngﬁ wl (19581), and compored the valuss for "lipid N" so obtuined with
thwée based on N analysis by the micro-Kjoldahl method. In a sevics of
de pemples the Lowry velues Ware; on average, 89 higher than the wicroe
£Jeldahl (if we assume thot the N conbent of the “protein' is 16, ).
(b) Qompmrisan of the velue by the ninhydrin resction with the "Lipid Y

content of the extructs

The colorimetric ninhydrin reaction of Yemn and Cocking (19556) was




TOPABLE 15

hatinntes of “lipid"NV

Thia tahle 5ho§sfthe{cgmparativcirésults of various @sfiﬁatipnﬁ
éarrié&‘out'an a pébled liﬁid extract of rat liver. The results for. .
extracts including and bmitt%ng acetone have been combined.,  Epch
gstimation wag carried out pn.duplicatm samnples obtained from one
animal.  The figurés'arq ealceulated on the aasumptioﬁ that the
protein esﬁimatedlﬁy the nighydrin, biuret and chromatography me@hods’
has a nitrogen content of;}éﬂ.

In thié experimeny, eﬁté@c%ﬁpng_by lipid solvents had reduced
tha’nifrog@n c0ntcnt ofvtheAaci&minsoluble residue by 522 tge per 100 mg.

liver, of which 48% pg. were non-phospholipid N,

] H
i ; |
: ilethod of estimation opge N oper LOO mg. Liver
- ,5.
Loss® through solvent treatment | 482
- 4
L {
Lipld extract: ]
A !
Nessler Nv S : 489
Pluret (quentitative) 450
ninhydrin (quontitative) { 445
paper chromatography (approx.)é 4:50

W gorrected for phospholipid N
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selected, gince it!haa ba@n f&um& raliablﬁ \m ubn@r conneations iﬂjﬁﬂi&

o

laboratory.  Agedng +w¢ nxﬂuﬁin (egg albumin and caﬂein} wererhyﬁrolysc&*

v

with wminerald &éid-ﬁo.yield free andnﬂ aciﬁgg and ue sed as shandards. Vory -
sindlor vosults WCiC obtaxnx‘ ianm the two ubwuﬁWV@ in relation to h‘eﬁa
nitrogen content. ?he’ﬁgmm y?mceduwé was then ayplied.tq-an acid hydro.juubpj

o of the Lipid extroact,

whiéh nad becn eveporated to dryness.  he freo aminw'

coid content given by the xhyﬁr;n esction showed good spresment with the
Taipld B measured by(tar %aa_éﬂw wobhod and corrected For ghospholipld M, o
g shosn in foble 14, It also agrees with the resulits of the biuret

reactlon, referved Lo above.

(c) jvo-ﬁimxn 10nﬁl }:pwr chr@mwtuu"‘»hv of' the hynjo yeed Lipld extroct:

Tﬁ& seinerad uL?J ﬂyﬂfo y ate of’ﬁhe ﬁried Lipid extroct wes also
gubj@ctad %d ﬁwwadimﬁnsiomm} p&par oﬁfamaﬁugﬁaphy {or the S@pm*atian 9f}ﬁﬁiéwf5
aéle Liberitbed by uya"oiygia, ABa cuntfml prpéﬁdurﬁ, én equiﬁaiéﬁt
aapount §f the BTG Ll)gd pxbrach, not ﬁubj@&teﬂ to hydeolysis, wam:ﬁiﬁilarlyr”
tfeated and exanined by ﬁin@y&rin staining: for the presence of frce anmlno

Cacids ov pey t&ﬂuﬁur

This proc@dure'wéﬁ applied to &h?eﬂ~kinds Qf'lipid'oxt11uﬁ of liver: .
(1} rooled cxtra b oolaxn»u by thﬁ use of all th@ uéual Lipid
solks w»ntu,"Jii;:ru‘:;'h;ufij.ng ;1(‘;0%;0:1»3; , |
Qii)‘ F'ooled 6  ract UBL%LﬂOd by Lh use of all the solvents
wkth Luu f;@oibion ai dbOuOn(

(1ii) An ex vact wade with ch oroforn/me thanod /ICL (200:100:1). .

in all cases, the,iiver'apuclzaw- had DfLVJDl$‘Y been treated with 105 1Ca.
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4
%

Pig. 10 shows the patbern oblained with o hydrolyssate of pooled | b

exbract (1) (21l solvents), and Wig. 11 the pattern from the eorresponding

unhydrolysed extract. The amino acid Mwap® ds typicel of o proteln,

and a rough eslimate by

b

)
L
el
]
&

otion off the cuantlity of protein on the

chromatogran (by Dr. ¢, Lesf) sprecd approximately with the awount of

nitrogenous maberial applied (Pable 15): Yoreover, the &mh&&fmlyﬁ@ﬁgﬁﬁmplﬁ‘ é
shows no freo amine acids, ibs only giﬂhyﬁfinmﬁﬁﬁitiV$ waberinl being & E
small, Paint spol, statlomery i bukanol/acetic acid and moving just behind %
the solvent front in vhenol/sumonis, probably consistiog of sowe small ‘ E
peptides.  Phus the nitrogenous m@écxiwi ol the Lipld extrasct scems ﬁwl
be mainly polypeptide in nature.
The hydeolysotes of the extract prepored without the usze of neebone
(ii) and of the chloroform/methsnol/HUL extract (111) yielded chromatograms ‘
Sge. 185 and L5 respectively) very similec to that obtained from the first 1
: |
extract (i), both in pabbtern and ewouab, ~ This finding lends support bo %

e ade Kol B

the theoory that the different solvents remove the same material Again

the chrowntbograms of the unhydrolysed sxtrocts showed only fthe single spot

described above, as mey be seen in the case of the chloveform/methanel AiG1L

exbrect in ¥
It is, of course, pomsible that the unhydrolysed materdal applied to
the chromotograms shown in Figs. 11 and 14 did not all remain at the origin,
and. that, olthough not capable ol reacting with niaohydrin, it nevertheleas
moved on the paper. The unhyﬁrmlyﬁaﬁ extract, for instence, mipht contoin

some peptides too large to give a strong colour with nivhydrin but still



FIGURK 10

«

%o

Butanol lacebit ctcid
Paper chromatogram of hydrolysate of lipid solvent extract of

TCA-precipitated residue of whole liver* The solvents used were

those sh6wn in Figure 6.



FIGURE 11

Butanol !\cetic ctecicf<

Iaper chromatogram of unhydrolysed lipid solvent extract of
TCA-precipitated residue of whole liver. The solvents used

were those shown in Figure 6. Compare with ?igure 10¥*
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FIGUtfiS 12

_____ » PhtnQl [cLm/*ooia

Paper chromatogram of hydrolysate of lipid solvent extract of
TCA-precipitated residue of whole liver. The solvents used were

those shown in Figure 6, with the omission of acetone.



FIGURE 13

m Q

©H @

> @y, tcin.ol /acetic *cid

Paper chromatocram of hydrolysate of a chloroform/methanol/IIC1l

extract of the TCA-precipitated residue of whole liver.



FIGURE

N\ * °

U tH#)

I Qufrand /(xcehc ctdd

Paper chromatogram of unhydrolysed chloroform/methanol extract

of TCA-precipitated residue of whole liver. Compare with Figure 13
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hdm Lb

mobile in the solvenbs used.  I1 s0,° i‘i— ,.shou'i,d be - }11) sible to se
them by cubting us sn wnstained chromatagzam after anamdimenu,unnl

T

chromatogrophy of the unhydrolysed e}:'b}:’émt. e pOﬁlu ion of an 'y mh

peptides could then be debermiaed hy v'im,:mn the ’1‘15; By hyﬂv' m i}lc»

eluates with acid and stoining for free amino aclds with umhyiifrn, ' ing' ‘

Py uc.em could be vc‘:g:)r ﬁ,mt e‘r.r,’i,h, a second "olvwnb, :LI uv:'i,hc "om'"l‘,um x\mv

ﬂcf.fsﬁaél.;,

(358 [k}

LLL"“mp“‘-ﬁ to pérform sueh = soouraflon, however, were unmuecessfuly oo
each of the hydrvolysséd eluates Lfrom the fivet chi t'omm,o&ru MmoVes Tun on o
second strip, whlch was then stained ‘1“%, mnhydt':m f‘o . fre m'a A no f;y&:i.(lsf,j"!; .

but all the strips wore blank. - It was ﬁot’ cleay wn@th.er this was dus to

t

um.:i icient elution of the first “‘bl’,Lp o f:umsLy o ins Lli'f'7 ci. omﬁ;‘y U;{“ zr;;x'tcax'j.eﬁ.?}l«,’
bven 1f all’ the unhydrol; sed moberiol oM j:xlm d.at the origin ui c,lw f‘* "‘31,
chromatogram, this could not ac:count for _"‘r,b_e: failupd t:;: recover ‘it, s ince %;}

:,mje ui Lho first. strip, J.l"ifl”mll.\}.f] g ;%m oz J.gmn, was. eluted,

r(ﬁ} Yoper eléc%foyﬁofegiw‘ i The ]1p¢d aulvvnb oxtxa&t.
.Gtrgghofé3ié wous cariied ouﬁ.uﬁ;axt:acts préparcd Witm éisigglef
solvent, soetone in onéfﬁaéé_ﬁwi o&“‘n)l/bh'OTolurm in the Uuhﬁfg goch
AﬂélVQﬂﬁ Lelng %héffirst used alftor P0A.  The extr&cﬁﬁ Wefé pye?&r%d,ffomi?ﬁ‘
the soluble frad?ién of rat iiv&r m:m:uuumes freaté&‘wiﬁh sodiu#’deoathalﬁ%é,:
‘& fraction whiﬁﬁ; a5 will b¥;uhufn labOC;‘is p&rtiqui&rly rich ié-“liﬁiﬂ ﬁ?g;;?
S Aftor el@étrephoregis Lﬁ&'bawm c“fri@& out, and tuw'pygtmigs'céégglaﬁééfjﬁ

“
i

’by hest, the peper strip was split lengthwise.  ©ne hali was stained for.

Do t'e.,; 0, wi th hfuna‘)}'hc,lml blj 1 the other for Lipid with SHudan Llack.

AR
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L4 was clear that almost all the material applicd hnd vemained ab the.

ALK

-

oripin, wheve it stained stronply with both bromophenol blue and Hudsn Block.
This imrobility moy hove bzen due to demoturation of the protein by the
trestment with TCA and orgenic solvents.  Tho strips Drom both extrocte,

however,. also showed another band, positive to bromopvhenol blue and %o

vudan Black, which moved rapidly towards the anode, c.g. the band from the

acetone e#~
erbract about 1l om. - an eshrnch 'i'"ffi‘f-‘?‘}?zﬂ.‘.l?ed with ethanel as the uni‘;i;f;‘57?0;3.-34"61‘_1,.'_1’_13-
gave & similor, bug mﬁcn sloweremoving, band (genevally about & - 5 ome
fro9 the origin).  Inall enses ﬁﬁﬁ_égﬁition of the bromophenot blue-
positive bmnd_corﬂ@symn@eﬁAtm that of thoe Sudan ﬁlﬁckaOHi%iva bund, and

the didierant éxtra@tﬂ gove hunds of rouginly equal inﬁenﬁiﬁy«- It&i$ probubl@
that the materisl is the same in each sage, and that the différgncﬁﬁ‘in'
wobility are due simﬁly'td the effoet of the vavrious solvents usedﬂin the
extradﬁidnse It ds poé&ibme alzo khﬁt'éhe‘bﬁnd mon&igtﬂ'ﬁf albém;ﬁ; mh;ﬁﬁ_,
is known to be soluble in ethanol éftgr precipitation with 1CA (L@Viﬂggr}9ﬁ4}
without being denatured by suéh treéﬁm@ﬁt, Albumin éocs move iﬂifiﬁjr&pidly
during eleetrbphmgasié;“mnﬁ ig capable of hiading liyi@ggt |

hhemgbs to'ﬁeparate,ﬁhe protein gaterial of the lipid solvcnﬁ71xtraet'
by meonz of pupal'éimptragharésis wére thuﬁ unsuecessful, elthsy hécéﬁﬁe
the géotain hﬁdigééﬂ &Q/mo@ifieﬂ dufiﬁg extroction that it was mQ l0ﬂgé%”
mobile, or bcpuusé.the conditions employed were unsulbtable for this particular

yotem.. Uhatever may have been the meterial vespohuible for the falot band

8
l.,J‘I" a0
. L

Cthot was found, the great bulk of the extract remoined at the point of




w7 en

appl ;i.c;:.t-a, v L:,). .ﬁ .
(e) Seporotion of i,lw protein of the 1 ipid extroct by means of a coluwm -
of ﬁﬂﬁ% cellui%se:

Fﬁrther atte&ﬁts were“made‘to aépara%@ the camnnnﬂnhﬁ of an noebonc
and an vthnnol/bhluvu¢0£m,vxtract of the deoxycholateesoluble Praction q?
rat Liver micrm*nm@ﬂ (th@ some exiracts were used for papsr wJucthﬁhurom -§
Ty passugeithrqugh o columm of DREAR bellulosc ond Jlutwon by a range of
ph@ﬁﬁh&ﬁﬁ.bﬂff@ﬁ&‘of“LLyan pﬁ snd fonic strength.  Owing bo the tmghﬁié&l
difficulty ol applying a ::301\;’(;:1011 of };ﬂ:‘o'téri.n in an organic solvent to an
LQREDNs coluwnn y the material of the cataved wes not well adsorbed on thc
colunn;  a browﬁ b&ﬁd was seen o move a Little way dov the column
irmt@ciiateiy , and then Yo remain in ‘1 the sene position theoughsut the elubion.
frobably the ;ipid"material clogged the cellulose,

“he colaﬁn wap eluted with a range of phosphate bufferg of inereasing
lomic girength over the il :r'lmu‘ “/eb = dol, and the ewerglng i”:.‘a.c;'i;ic)xm were -
tested for protein by the Lowry réactiOQ; wvhich had %aeﬁwshown bo react
“ULI%J&QLUfLLy with thig material. The eluting huffmré vere chonged in a
stepvise faehiam, and after the introduation of dech new eluent thevfracﬁions' 
contained small quantities of Lowry-positive matericl, bul no cleay peaks -

Wore Uhtilﬁ?dg and mont of the protein stayed on the column,

. ! 3
Fossibly some of the material might have been clubed by wore alkeline
buifers,
The wlira~violet absorpbion sye trwﬂ of one-of the lowrye-positive ,fLua.i;:'é?s;

(from the ocetone extract) is shown in Fige LBe.  Hince th smount of rm"l,c,r'iﬂl




0.0. FIGURE 15

omr.

0-06

o 0

002

4 ry ry A A 4 A
230 250 270 290 \ ‘""H)

UV absorption spectrum of purified
acelone extract of TCA-precipitaled

rat  liver microsomes
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prasent Ls so snhll, the optical densities arve not high enough for the
spectrum to be regarded as very accurate. It_does, however, snow a smoall
peak ot aboul 269 mp, the significance of which is not clear. 1 T is &
Little too far to the right for ribonusleic acid, which geﬂcraliy ahowé an
absorption waximum at 260 mp, ond slightly to the left of the mdximum
(875 mu) of protéinu wimilor spectrs were obtained frﬂm'bthar froctions,;
but in all cases the actual readings were very low.
j:xl*t;ho‘u,g;_;h it wap found ecavrliicy that the 1lpid ,s:.i.:)'.lvéi‘a"t:fx aid (T sxtradt
significant quantitics of nucleic acid, very litsle would be needed bo

{ Lide

pive the absorption séen in ¥ig,
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. nature of the "linid MY o summery

Ouy findinge mey be JUMﬂQVJ sed o followss:

B

Lo Only a,Verngmall fwcthn Of ihc Lo, acvounted for as
phouohotlglﬁ b Sectian‘l);

2.  Little if any of the “"lipld " consisis of zhu, anJ 1, conykii no

3

¥

:‘;.31«:;1 (;wctibn TL 'a) 5
Be 1:“511 ';;)’ij- VOOX mg Lo estima Lp ;3}7 a (311'!}11, 'i, 'IVG b..lll](.?b m&’i' “Lh()d fﬁl{)ﬁ,’j(_i!ﬂ Ll’lﬂ.b ‘. .
Cmost of the ﬁﬂnwphmﬁpﬁglipiﬂ IS uv @’ uni§< ' Lysel 11, 1.d moivént'extfﬁgﬁ'f
was in the- form of'p@ptidﬂ Linkago (S cpiﬂq 11 (a)){fg

]

G By omeans of o guantitative ni

Afre&ctlmn itqtas SNOUTY At b omost

the N in o hyﬁ@o1y%&to of solvent OXufanL WS dmiuumﬂ (Jectiun 138 (b))."

v

C s Ninhy@rin suasznﬂ of' papoer ch;omn!owrwm of hjﬂr01thm.<a1radt$

indicated thaﬁ‘mQSﬁ-cf the “iipid Nﬁ;cgul&_h@:accguntmﬂ for u; amnlng qélué?i;;
Toe pleture me_;h&t of a:typical §WQtninfﬁyﬂxp;yﬁ§t@qJ ,Véxw{iittlg niﬁhydfiﬁ:;
ﬁoﬁitive m&teri&l_coul&”ﬁe scen in-the chrﬁm&towrams uf<unryuvﬂiv c& ﬁ"trzgtmaig
-Thué the amino abids7$f the solvent e Lractm are pQL ffﬁgj But are huuﬂa
in a Iiﬁkage which iﬁ *'bTv Go the cunxsﬁ ons off ohlu:ztonruvth upé whi.

pravents 1

Gilon with ninhydrin, ﬁ@tmmpta o Scp&ratéf&ny oy oLolnu o

pcph ides by CRALET Lhromatafvaghy Wend unsuCaes ful (mgqﬁion fjﬁ n)}

Col

Gy DBy the use QI sreeific stoing

fu' pfou?Jn :1& ljghqg‘dftor paper

@l@ﬂtfunhﬂf&%iﬂ, 1% w&s:ﬁhawn that the. bu'h of ti protoin and lipid material . .
ui the ﬁoivent oxtwquA é;ﬂ not move in the ﬁDpﬂltLOHb u;od.for elﬁsﬁrqphnﬁaﬂiaﬂ

"hc mﬂte ria m-at the prigin.staineq'atrgngly for bonn-lipid and'prutcin,iaé

did a feint band which moved {1xrﬂy rﬁﬂxﬂlj towards ‘the anode ( cuh on IIB (d})




a7 O :
e Tt was found difficult to elute the extioot materdal from a column
o ey i O A \' ‘ «. - ’ ! » . \”i \ . ] . » .i s . “‘,' »
o off DEAE gellulose, and attempts Yo Separate its proteins By this neans
were ot successful {section IIB (e)). " L ey e
X
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ubceni wtula:: dmﬁ""“ﬂmm un of Lhﬁ? Miivdid N® L TR

”f.n i,h.o. ;m’*{,cc‘mng ac:i,mm 3‘i, WaE f;fhmfan thet o proteln-like materisl

is rezmmr‘@ﬁ. 133; the ‘sgc;i;ia‘n' ol the d}:’@eﬂﬂiﬂ sOLve m.s pE u{ii., to extract.iipids 3
i "‘om "l}h& "?{}‘af}-~‘g§1*@ p tm,a(l residue of rEt Liver,

"'c n@m nnvéa”ta,&a Bczd i.izr abum%anc,e, of {:ﬂlx) Hibe *ia‘l :z;@l'zfs,i:ﬁ.‘ve iii} “tha‘i,

ai‘ Othf:“;l’ cell chstitiwilﬁ&sg and :s.t,s 53111”)4 el,iul.z:r' fﬁis. tx*um‘m.ozz ux eilf ii".‘f:‘(}i}.‘?

U fracti <3n=3 of the cell. The content of 1ipid protéin and m,.hm? wl.ﬁ

c:a::z;x;cmnents WAE mmém in both ok aa.m‘i motse Liver, émﬂ ﬂ)"i e J;:z: nc‘:rw “Lb.c

rizsuLLa. These z:he‘mna“imaﬁ,& th st the distyibubion in the é%{'ze:% ’:é;';;’f:i::i@s e f.

R ’i%SE&QK’l’iz;iﬁ.lly imilars - In ’uh:::.a rat, - "lipid }'jx*é)t(a:i.n‘“ BEG sounts im. ?2 ,, ~"i:h,€é* e ¥

' Lo&eﬂ dry weight rﬁﬂg‘%x of the protein, and in the mouse ‘_.f‘cbi:* 2’?,& o ih' ‘
to ml. &fy welght and fﬁ;;,é of “iilm protein,  Thus 1ipid protein m‘nmi:, e

‘3‘3( "’?‘Z’ﬁ" *‘3' a m:zjm* f«’!i?m{wﬂ(m“ ﬁ the cell, greater ir'sv &mbmi@ Lhaﬂpﬁmu?hﬁa,
1 “!.p:!,.éi . | . )

"im 1zex1b <ﬁm~s i,i,tm ;%;{zciie‘ d was whether the “;Li'gbiﬁ;{ :ps;'z)%ién“_in“‘.”wa}.s evenly
'I.da‘si,r 3’“*5"3‘1 thruugfhmuﬁ 'Lim cell in prcmaz'w on- o mw pm‘tmn wm.cui .i:;r ccp,,c,i},

”w

SR 3,":::":%,1. was {‘Spﬁ,. J;._ . abmmfmi, in an‘y mi haac .E.r*ac:twm‘*

.'ﬁvra’(:’ﬁl?ila e A

%imnoggen ta B Da m i,n m an::i n‘tm e liver W%Z{'éa prepared in ;aufsirrsgsa solution,

[

emd pm’{wm mm’g :[‘ 'awi,n,mm*\‘:ed ..mc*m:‘rimnb to the scheme a&wvn ,Ln Jlig;z_xze 5

Lu ,yioizci mi L@s:,hondma, WLCToBOmes {hmwv and light) n.n& cull mp‘  The four

I

_v:ﬁ m«; u.mmss f}:’cm each, bmle wore fg;cz*{acigzsi'h&md and woshed vfii;h ’ji‘i),s"a.g “and extracted

Wi U.r"a. € jopid solvents: .‘iri s';’h;ei sape why as the s umpj o5 of wh c\ié‘* homu,gfmmt

éi.osm:lbw e z:a;ﬂ;:ijm:*. N T};e’ rats had all been walnteined on a _é!:;g:at; Gf?‘fl‘{» m} ng

i
B4
L
il
A
-
|




PABLE 14

Composition of whole cell of rat and mouse liVQr
The protéin'figurgs are calouiatéd as "lipid N" x 6.25 and (total N
of lipid-free residue - nucleic acid N)Jx 6.25 respectively. The
. Motal dry weight“'répfeséuts simply the total welght of the constituents
estimated, and other constitg&nts of the liver (e@g. the acidesoluble
mnterial) are not inﬂlqﬁade Eachlﬁigurgiis the mean of the results of

an experiment in which the livers of tvio animels were analysed separately.

iR ol

Rat louse
mg. per 15 of total | mg. per | % of total
100 mg. livexr | dey weight (100 mg. liver § dry weight
Lipid protein § 4,57 222 ' 6409 2646
Nonwlipid protein | 12,00 588 12,06 52,8
| b 3 P : ‘
. hospholipid. e L 2,95 1444 i 225 i 149
i N
: : 3 _ 4
RNA L 0,75 s | 1.8 5,18
: _ \ o ) .
LINA § 0025 o102 Ue 25 1,10
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1

an adeguate amount of protein, and had been fasted for 10 hours bhefore the
experiment.  The mice had been minbtoined on a stock diet, and were not
fastéd beforchand,

Tables 15 and 16 give the composiltion of the cytoplasmic froctions
obtained from these livers.  4ll cell frections are scen to contailn some
lipid 87, but the distribution is not uniform. The membranous fractions,
i.e, the mitochondria ani the heevy microsomes, ave ﬁuah richer dn this
component then the light microsomss. This gétte?n sugsests that thoe
"lipid N may be in some way conneched with the neaibiunes or endoplasmic
reticulum of the cell.  ¥n general, the subcelluler distribution of

"lipid N" follows that of the phospholipid. An excepbion may be secn in

the cive of the cell sap of vat llver from animals fasted overnight, which
has o high content of "lipid N, It is possible that this re,resents Frege

ments of the endoplasmic reticulum, which breaks down during fasting.
wome support for this hypothesis may be obtained from the data given later
in fable 20, which shows the "Lipid N" content of the microsomes ond cell
sap ol amimals fasted for Lo aours, and killed eithex féStiﬁﬁ wr L7 haurs
sdter a protein meal. The "lipid N" content ol the wmicrosomes is lower
in the fasted epimals than in those fed protein, and that of the cell sap
is corrcespondingly hipgher.
The high content of lipid protein in the mitochondris and heavy microsomes
may be seen more clearly dn fable 17, which 1s based on the dats of Tables
Ld and 18, Lt shows the lipid protein content of the cell fractions of

rot and mouse livor expressed as a percentage of the total protein in each




| mm: 15

Gommositioﬁ Of cell xrach;on off vat Liver

adecquote protein

oy

“The unimals were maLntaanhd on 8, dlnt conbﬂlnin<
'fand»mére’fasted~for lS'hours befbfe beihy killeda the lipidefree

f;pvatamu Was vaiuujdhad as (N of Jipxdmcxtracbmd rc 1du6 - meleie acid Nj 'k -

Lol ench

;6.2 6. ihe roaultm are expchaed s’ Ll e Iy
. actual body whe
~‘Gonwtltucnt in thu celJ Fraction {rom one whole liver), and also as a
;porcentape Of tho total UlehL of the constiltuents estimated in each

ll iracbion.

| Beswits | Gell fraction’ ["lipid N' | Lipidefree | phospho. | = RNA
: _— S X Ge 85 . protein lipid

Hitochondria. - | 7 28.5 6545 18.0 2,35

mgo/;ivgﬂ/ 1 Heavy mlcrosomes ‘ 56.? 48,0 S 8.48

LOG .o body - R n ) o . ‘
welight . Light microsomes | . 8.7 . LISPYCTREEE B D71

- Celd sap . ﬁboO 5 104 Bel . PR

o U T ,il.:i.‘toi:;hondx‘:i,a . 4., 9/»« 57 . 5% . 3.‘ 5. 8{ . Oﬁ;&
e of doted - | Heavy-midrosomes | 88,50 ¢ 0 87,55 705 84605
| idlv xgoq&llt’ - I- o : : ' - ’ . ' ) - ‘ o B

of' cell o Light microsomes b 14660 60,0/ | 15.8 065
.fra@tlon S . Y :

1s 8%

Cell map | 24.80 | 92,00 ! 1.8,

i 3 B e R




TABLE 16

Compesition of cell Lractionn of mouse liver

The mice were Mainbtained on & stock diet and were not fested

before belng killed. The non~Linid protein was caleculated awm

(¥ .of lipid-free residue » nugleie acid H) x 6.25, The resulis

expressed as mg, of each comstituent in the cell fraction derived

T

from-100 mg. liver, and as a percentage of the total welght of “the

constituents estimoted in cach fraction,

‘ rtes van sk e ey S e ) A, S LT e a0 b 5
i T 4 :
! ! . v * N T \ v
i Results [~ Cell fractilon ! "ldpid N . Lipid-free Phosnhoe
i ! : i = 6.25 ¢ protein lipid
k,-.._w“y_v.bw‘\.my,.._.w.‘.‘ o €y e T A T R i 3 e Rl e e e g et wi e eIy aIAS i A e L L s et R SRS by e A EE e
H a i - . ’ 3 ¥
“ P ' . LA 5 A
i | Mitochondria 0«79 1,85 0o Bh
; | ana A :
U omgs per | Heavy . : 3 ;
poer s i e i .65 ‘ 2,15 P Lle22
! , i microsomnes % i ! o= f ®
100 Mg | 1ot e osh |
! Y : Osl5 ' de02 PGB i
x ! MACrOBOMER 3 . f 1 :
liver : : i i 4 ,
i Cell sap Oa Bl . k20 . 0,18
: ¢ | ! '
3 “ -~ s, S:m dewemn  a ‘.,_: B wg e A I «% v “;
! U Mitochondria | 2243% L BRe3h P 18,14
3 o . | § 1
¥ ) . . - TF e i 3 i R
| percent. , Heavy. oAbl L ATLG L 27,00
7 g Cwmicrosomes ' o : : '
& 1 Tt H i
e TN ¥ 5 irh 5 £ erp } = s ! I Y
] ; o i . &) fu I el 8 e Lo Vi
1 oo b imicrosomes | o 2 "7
¢ fraction: N e { -
{ ¢ Cell sap 7R 0E 1 87.0%
S SN SOV UNE SO -
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RV, SR
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T A B.LJL _ 17

”ha limld proteln gonhpni oF chL f?acﬁlons QF rat ani muuse iiver -

1he figuroa leen in Lhiﬁ Lablv aro calou]abod fr rom the datu of
Tables Lﬁ.and 16. Lhe land orotein is g&leulatad B8 (nonmphUgDhOllpld N N
of the lipid aolveu oxtraot Be 23), an& is oxpremgcd )

(a)  aB Mme 11p3d prot01n in the cell fractlon from thc wuolg leer :'
S F 100 g

- actual body weight , L

protein in the cell fraction derivea from TOO mg. llver'ln thu oase

in the case oE the rat, or. as . 1ipi&

of. the mouse, and - I

(b) a8 a percentoge ol the total protein comtent of the cell fraction.

o 1 Rat -~ = - L ¢ousc
Cell fractlon § Welght - PFercentage - Welght icrcentage
: ™ T e R ‘-
it tochondria c 28, 33 L 506 { Q.79) o306 O =
Heavy microsomes 58.7) 75, 7 4R.4L {0 0.68) 1.59 23.85 i
Light microsomes | S.?) - 19.%4 §0.15) 1285
Coll sop | 35.6 2550 § 0.34 o TWgE




B3P,

fraction. This table also shows clearly that the greater port of the

lipid protein is contained in the particulate fractions of the cell -
about two-thirds of the totel 1lipid probein ol bthe cell in the casc of -

the rat, and five-sixths in the cass of tho mouse.

D




BECTION IV

The effeat of variation in ﬂL“ﬁ on the "lipid w“ conbont of rst liver

S

..ﬁﬁ"we'ﬁava Just seen, the mewbranouns structures of sn& liver cell
(bhc* i tochondria snd Eﬁeavy microsomes) appear to contain the greater
p&rt:Q1 the "Lipid N" of the oell (Table 17). ‘Ihis fi%&*xg sugnests a
Bos ambl& connection with the endoplasmic ratiaulmm?

It hase henn'ﬁhgﬁn (Faweett, 1955) that the amount Qf endoplagmic
I?&hiculum in the liver cell varies with the dietory stetbe of the ﬂnimél,
&*afvutiuﬁ ”av'” days leads Lo loss of {he wetlouluw, which regenerates
’Spi}lv @fiwr a pratvin (but not aayhahy&rata} meal . u 1ty therefore, Qur'
“lipxd protein” forms part of the endoplasmlc reticulum, 16 may be exp@dt@&
La vary with ﬁmaﬁg' Uritical iﬁatmrs in the diet might be protein level
‘lﬁmﬁ m&lbri& iﬂt&k@.  Animala'wéw& therefore m&iﬁt&iﬁ§§ for il days. on diets
ﬁ@fiaiénﬁ in ?fatein (LYY or conkaining en sdequate ammumﬂ of protein Gir}.‘
_‘Efch wrmup Wo.s uubdtvxﬁgd into three Mutbg rcc@LVznp c¢hne¥~n0 ensy, y:_i
”@pwjvmant, a &mpp‘@mant oﬁ cazb&nyﬁrata or a colorifica LIV aquivalent
&upoL&nﬁnL wf fat, and’ awi ihﬂ‘&nimals Were ted for 18 hours hﬂfﬁgé théy=;'
WOTE killeﬂ« - Pable 18 Sﬁowu the conposition of WﬂﬂLPsGGll hmﬂauanatQ
of 1i§§r‘fﬂomztheﬁé'ratu¢ Although there is less{“liyi&‘%“ in all three

- groups of "ii* diet" then in the gcorrésponding "HE dilet™ groups, theve is

also a iall in the llyiimxnﬁﬁiubl@ protein f?&g,*gm;-smfﬁhat>ﬁhe percentage
oi the t@&‘? pratein wnich ig extracted by liﬁlﬁ solvents is not decrsased
by protein deficlency. Dnly in the groups which laciked -any energy supplement

(and vhich were Lin fact deficient in calories) is theve any evidence of




TABL%

L8

Gﬂmnesmtxmn Qf 1xt vaer (waalo aail) on varicuu diets

The daetavy gvoups wer@ as dﬂﬁﬂr&bbﬂ Ln tha Lexh.-

af-thvea‘animals.

Sin Table 14, and ﬁho resulLs are exproﬁsed as

({a) -
(b)

ML e

Tbu Tigures in bracknta rOpreuent the- Llpjd prate&n.am a pcrumniwga =

of the total plutcin.‘f

constlbuent in ona wnole llvet x

ﬂ of the tatal welght ai the 1iver

EQQ f"q-

otuad budy'wnlght _
onwtihuenﬁs esblmated. S

“end

aoh cqnaisted :

The protein oanﬁeni oz mh iver was of lmulaLe& as

Resuihu

- Dlet and’
&upplemﬁnh

"lipld N .

lipid—free PhO%th- ‘

prOuGln

llpld-

DA

mg. pex
Livexr

- IR

HE lmw energy

HE . carb.,

& fat )

‘(1,995&‘) '

(2@%)"S5

408

675

82e5

{Qé§gfn

REE:

7 11043 1

8.9

per 100 g,
body who

LP low energy

LP » carbe.

L & fab

" 50
1109

|77 (1gh)
(xgd) -
(18%)

560 -
304

466

_;72J55§O,;
1 ess

©68.0

8.4
' 1‘ 9!

s Of
total

HY low encrgy

HP 4+ carb.

HY & fat

| ‘ 1.8#8/:)
' 15' /U- ]

10090

10485

B R

e
ﬁghl,ﬁﬁﬁ‘”

’ﬂ‘:lsﬁéﬁ”

welght

e

Ly low energy

P & fat

14,96

11k

lf},%ﬁ‘; .

69 Gl

1 10.65

R ET B

1043

e 8 GOfU

1,594

§of 1587




; pj«&*; 1"0;{3;{,3& 30 Qf n—! ip.,hﬁ m”ﬁiﬂin“

lt jmg oi auarq¢g yu Mxhle uhat vaw:&t$0n3
“Of_an@yvﬁoma ‘@Gh?&ﬂﬁ of, ﬂha 0@11,‘mu¢h e yﬁrh@pg th mi@xm&q
80y %hg‘éffeqt" ght be ebmuuvuﬁ by anﬂ prasunue of cher fraa i

whal@’éﬁll-hbmagenat@sgt ﬁore ﬁ@tu1¢9@ dnialysis (W 1%(&)»;mﬂ§

-{j‘lmvérraaﬁlﬁ hovcvcr"¢MQVuala Lﬁt%ia varm LLQM‘WLLh dx@t {'
14 pid ﬂ“ }ntemﬁ Qf Lhm mm@?;hompq uf w;ﬁmmahur ?“&Ltzuﬁp
‘“Lo be nu diffe erence: in the ;»,;iﬁpobl .i,z:;n 0;{‘ ”i:h{e': :{f:mai;iam fv:."
of mr@%@iﬂ or with ﬁ; fferent Gdﬂﬁ?hm Lntn |

.~rﬁ&ncud 1ﬂ prmtﬁln ucfiemgnny &mﬁ may‘ba
&aﬁliiﬁﬁ of :1_1-. %upplemant to the ﬁlatQ“ £n nﬁrt%&uwafg @H“XQNJUﬁﬂ §;-

“lapid M” in the Iﬂrﬁm parugelca (ml%mﬁhanﬂrla aud “he@vy mLer

xvhﬁ&voim ﬁmﬁ Mlbh@" gt mm&mmmm@ﬁamlaeu a@m’&msxmtsm9vvwrv

5 I

rmuch v&ri&tian with dieb.
'Va¢iati0n% ai bﬁ@ type exemined he fc ﬁmn cause ch,1ﬁgu in Lh
of ¢&il fracsiuna wiﬁhwat!aff@@ting thods mn%ranaic comp
Spgci&éﬂ< of liver f?@m.two of’ th@ dg@thy gf@up? W@féZQEQMi§§Qiiﬁ;€nag
electron microsedpe, so thatb ﬁiffar@nceﬁ m the an&lybma aaﬁé;ilFVQ
related to differences in- thol&ppcaran@e @i‘thetvalig
maintained onrhh@ high:yxot@im-&i@t with -a o
shows’a ;ifile‘mor@'r@ﬁiéulum thmﬁ thatféf?Q r&h"m&iﬂtéiﬁéﬁrcﬁ=f»w
deficient in pro%éih,.witﬁ the some sqﬁqum@ﬁﬁ‘{Figuﬁafl?};‘E ?hé:iaﬁiﬁr;

also shows fhe prominent mucleolus characterdstic of protein defic




TABLE 19a

The composition of cell fractions of liver from rats.

inntained on different diets

fZach dietary group conslsted of two rats. Their livers were
enolysed separately, and the results are expressed as

mge constituent in one whole liver x 100" g, i
actual body weight

Cell fraction Diet Lipiad Non-lipid hosphos HNA
probeln protein Lipid
/
HP LB 26 o4 5504 . 1544 Le81
HP + C 23.1, o) 16.6 e 50
\Htochondyla  ~HE T 5545 80,1 21.9 2.88
L IH .20, 5148 15.0 ©1.50
Ly ¢ © 1405 4646 13,5 2,20
LY + F 24.7 61le 21,0 530
HP LE 37.8 42,5 Bl.2 Ge55
Hy 4 C 3547 B7 4 6 3548 771
Heavy Hy 4 567 6440 58,5 11,2

microgsomes .
LE LE BLed 4242 28,2 6,01
L 4 G 27.06 A5edH 28,9 R,88
L¥ 4 F 32.5 465 5046 9s00
e 1 9.7 5548 9.7 5eB3
HE + G 5.2 3046 8.0 5420
HE + F . 1L.1 40,5 1045 6460

Light
mierosones He L 6.9 5L.5 8e2 4,55
Lp + C 7.0 26.6 6o 4410
L o W Bed 85,6 8.3  5a29
HiT L 55.8 .02 202 2.05
HP & C 3642 . 84 2.7 1,90
Y + I 5449 1.25 . B340 2645
Uell sap : : : o
COLP LB 2104 85 2.0 1.58
P e €. 25.0 95 T 2.8 205
L & % 567 115 T BB 2453
“ Lipid protein = "lipid N" x 6425 LE - low encrgy (no supplement)

C = carbohydrate supplement ' « fat supplement




‘TABL‘ 3qb

Eerc@ntage QQMﬁQuLLlDﬂ uf coll fractlans of’ llver Tram ratuly‘ygf’

maxntaLned on d1ff@ront dleta :

The ieSults’mre-uhos@ of ﬁable 1éég‘expresged<#a“é ﬁercentagé5Qf:Mf
the total welght Qi‘eauh cell iraotlon. bﬁh? “ﬁ&tﬁl Weight“ is baken ;
to be the sum of the Wﬁl&htd of’ﬁhé oonutltucnt% @utlma%ed ) -The llyid,f ‘
protein is also umprwssed ag.a percentaée of tho tQLal prmteJn in each

cell fraction.

ICell fraction Dieﬁiv »?"*“Lipi&;bioiénn\f( .ANonéﬁiPi& Whoskha- ' RNA
- of tot. w ‘of prot. . protein ) meldrﬁpﬂ :

P s

W m | 2600 | 55,5 . 56,5 | .16.0 | L.83| .
2,05

M tochondrin |t L 8009 s LA S WL o

e LB | 854 52 . 6040 15.0 | 1.65 .-
LP o+ G | 18,9 | 98,50 |. . 60,8 | 17.6 | 2.86].
L a¥ | 225 | 8850 0] . 8507 [ 19 o;'  2,99/

HE LH |7 82,2} ‘~47.5‘]?J- . 8640 '“.26 4 D
: HE » G| 3045 89 .o P 0 B2.2 | 26,8 -1
Heavy HP @ 1.} 24,4 R A T - s T Y e 2
mlcresomes : ~ S T - o

ws |oeeie |, 4z, L e | 855
LP+C | 25,2 | g 1 2 uais ol 258 | 7.8
Le s B | 27, | ap ] seul il 858 LY.

59,97 | 16,1
“ 6245 .1.6:5 . e : Gl
~.-59%31"v‘_l55431',

HE LB | 18.0- 7 2.0 g0
. HE % G "10.6 ] Aks 7.
Light HHE & 1609 ;88
m10r0$0mﬂs ' i, e

Lo LB | 18.5 0 | 18
LP 4 C 15.8 4 20 e SN | Pegaln
. L + F 1.8 | li? " o 605- 0 D - 1Be6 e 95 -

HE L6 | 2605 | 26,5097 92,0 - 1.56 |.1.480 -
HP 4+ C | 2001 | s {.coev.l | . 218 | 1.550
Cell sap HE + 1 2401 2L¢‘f? e _75;5» A 'lk&;r Lo 48 -

Lp LR | 19.4 20 | . 775 | 1482 [Leas|
LP « G 1 130.5 8. o p 76,0 2,287 1,68 7
: LE + 8 | 85,3 v 24,5 -} . 075 2,12} 1,60 ’-_vr .




FIGURE 16

Magnification x 10,200

electron micrograph of liver tissue from rat maintained on

diet containing adequate protein, and fasted overnight.



FIGURE 17

Magnification x 10,000

Electron micrograph of liver tissue from rat maintained on

protein-deficient diet, and fasted overnight.



FIGURE 18

Magnification x 10,000

-Electron micrograph of liver tissue from rat maintained on
protein-deficient diet, fasted overnight and then given a

proteih meal 2 hours before being killed.



e e
=B e

(aﬁeﬁ?ﬁQ,ii%Sé),: lhutn these an:m#is had heen fasted for 18 hours beifore

4 »duuths 50 thnt 1avtLal breakdown ui tna‘endoplusmic reticulum might well
ha@é»mccurred duriﬁﬁ‘that_pgriod,“ Certainly the liver of a tﬁirﬁ N
nalntajncd QHVLHO same " 1QW'protwln i+ carbohydrate” diet as the rat of

i ;uro l?, hut 0LVGn e pTOLOln meal a hour before death, shows o more
organl sed anj grxnu]ar rohlcuium \Plpuro 18}, © Ipure 18 also shows thatb
the nﬁcluol; of pth@Lﬂrd&f!Clenﬁ rat liver are still prominent 2 hours
after;a yroteih meal} | lt.ia;iﬁtére§§ ne to note that this micrograph shows
mitoéhondfiﬁlalusféréd noar tha nﬁoleus, A ﬁimilar concentration of mitow
bhoﬂﬂfia"waﬁ prGrfé& by. Bex rohard and fouwiller (1956) in animals fed protein
after ﬁﬁiong ééiibd‘of stay?mtioﬂ. In general, however, the wore obvious
Qf.thg:differenccs:séen in the micrographs are rélated to dietary treatment
shor%iyﬂhcfarc dégth,'rather.thén to differences betwaen the diets used for

long~tern maintenance,

t

Thé %esultsaof microscopic examin@tion of whole tilssue were coniirmed
by stﬁ&y'uf microéumal pellets prepored fyrom the livers of rats maintained
for 11 dayn on . e s carbohyﬂféfe" or "Li* 1 carbohydrate" diets, and fasted
overnight befor@,death. j'Figdres 19 - 24 uhOW that corresponding vellets
ffom iats on 6Lfferenb dlétn aro not very dechent in appearance, but that

. those - fron tha “Hr + carbohvdrato groun are o lnttLo denser.  The micro-
grdphu alaw show'that the dlii@ﬁcnc between the "heavy" and "Light"
micros OWO“ lies chiefly in the size of the vesicles. The vesicles of the

"lignt"'miqnosomes are smaller than those ol the "beavy" microsomes, but

they ave quite prominent. The "light" microsomes thus do not consist merely

(I




FIGURE 19

Magnification x 16,000

electron micrograph of "heavy microsomal pellet" (3£f500g fraction)
prepared in 0.25M sucrose solution from liver o0f rat maintained

on diet containing adequate protein, with glucose supplement.



FIGURE 20

him

Magnification x 11£20C

Electron micrograph of "heavy microsomal pellet" (8$500g fraction)
prepared in 0.25M sucrose solution from liver of rat maintained

on protein-deficient diet with glucose supplements



FIGURE 21

Magnification x 16#2GO

electron micrograph of "light microsomal pellet" (18,000g
fraction) prepared in 0.25M sucrose solution from liver of rat
maintained on diet containing adequate protein, with glucose

supplement*



FIGURE 22

Magnification x 10,700

Electron micrograph of "light microsomal pellet" (13,000g
fraction) prepared in 0.25M sucrose solution from liver of rat

maintained on protein-deficient diet with glucose supplement¥*



;f 11bo soma L p%dﬁﬁl?b; ?ffbiﬁﬁiﬁ‘aéloﬁ&“wmuld expédt ffam the analytical
'datafin_Tablﬁg‘lﬁ ahd'l@,gwhich:éhowfthat,the "L}ghﬁ miprasom@a" contain
!"a‘ger*ﬁln amaunh;of meid  foL< n\énd phospholipid as well as nonmlipi& 
px@tein ana. ‘L{}"‘h‘},.ﬂ - -

e were, thus unab]o‘ﬂo‘dcnon Lrlté,&ny.specific~lmgs of "lipid 5" from
'ﬁh@ilivar_microéomes'of rétﬁ ma:ntalned for: 11 days dn;proteihadeficient
'&iéts. : bur o1eoLrQﬁ ml;FOSQOpu studies, moreover, .indiéaﬁad that, While
‘ proTunued protejn deflglany mxrht oad to some rrduotlon 1n the dmount oi
OﬂdOpldSMlb rottou&um lnlhhb llver cell .the 6eer@qso was nct BO Zross as' '
that. obser‘vea by E."“z:t\vc:'ett., (1955) eimumnmim and touiller (1956):  fThe
Gonaiﬁiona which ﬁhey uued, howevor, were more dr'sfic than.oﬁrS; since
their anlm&lavWOTG io' od uomplotoiy iOL 6 days. It therafarc seemed

*

pousrhjc thut we mlgnt obtain a gxc&ter eiiect on the “Lmed N" by carrying

B

out chperlment on r&ta f¢ tcd for hevcrtl daJs. Parthermore, .awcett noted

.

_that 1f the f@ Laa ratq were gaven a ncxl of protein, régroﬁth of the
.enﬂopiégmié reﬁicul&m:coul@lbe obB@rV@d by eleotron‘microécéﬁy witnin 6 hours
of the nrotéiﬁ ﬁ@ﬁl}~'£he new»féticulﬁm'cdnsiSteé of é maMbrdng, initially
withgﬁﬁ_&ny attééﬁeéggfaﬁules,fnfﬂn iﬁarcﬁs@'in-the "lipid N" of thé microsome
fraction might.bé‘eipeﬁpgﬂgﬁo ﬁccompény such regrowth. - We fhéxef@re carried
dn%vfé}ﬁhéf=in¢e§tigatioﬁs in£q a stsiﬁlg’}elationship-betweah the “1Lp1d -
and the endgplaSmic»reiiculﬁm bf éxamiﬁiﬂg"ﬁh; effect ofﬂcﬁmplete fasting

and ‘of fr@tcinfré;féédiné on the amount of "lipid NY. Tne conditions used

were as follows:




w87

(a) wots were fasted overnipght for 18 hours, and Ikilled cither fasting

or ls hours after a protein meal.  After 18 hours' fasting the

endoplasmic reticulum should be bhreaking down, and the protein

meal should reverse the process (Munro and Clavic, 1960}.

(b) iwts were fasted completely for 5 doys, and killed either

fasting or shortly after receiving a protein meal, Of those

given the protein meal, some were killed 1., hours later and

others 6 hours later. The labter time corresponds to that at

which Fawcett first observed regrowth of reticulum in rats fed

protein after prolonged fasting.

In the case of the animals (a) fasted overnight, Table 20 shows that
the protein-fed and the fasted series conlain the same total amount of*
"lipid N" in the combined microsomal fractions ("Light" and "heavy") and
the cell sap, taken togethor. The fasted series, however, containg
slightly less in the mici@sonws and more in the cell sap. " This ls to he
expected 1f during fasting the reticulum breaks down into small {fragments,
and this disintegration is reversed by a protein meal, since the fragments
are prébably asgocianted with the cell sap.

The rats {b)mfasted for‘ﬁ days showed rather larger'increaaes in
"Lipid protein" after a protein meal. In this case the fraction enalysed
consisted of "heavy microsomes™ only, and an increase in the amount of
"lipid protein” can be seen both 1 hours and 6 hours after a protein meal.
The lipld-free protein ffgction shows no increase.

The electron micrographs of the livers of these rats (Wigures 25 and 24)




PABLE 20

,14\

uLiCCL oi dietary state on mrotein content

L of nicrosomes and cell sap

'_Thﬁ rouul‘s arve expressed as np. protein in tno microsonal

ailets&erivodbﬁrom*lﬁe-mg; Lliver.

Results | Tl%n ,.ﬂwiﬁexéfter Ho,- of | HMicrosomnes LQTI sap.
: —aﬁ@d.w Cemeal - animals | Fed Hot fed | fed Hol

| 18 hours. *lﬁ haurs BT T 0WEE 0 039 ] 0.60 . 0463
A Lipdd o '
“protein

xa

days. ‘1La hourﬁ o2 o 075 0,55 " g

Wl

Cdays G’hourﬁ”j L 065 GLBO F e

18 mours~] Lt hours o| + 37 | 1.31 1.5k - o

Homwlipe | g 1 g s TR
s o odays 1% hours R A 3 ) 50 " - "
DIOTLALND - ),)‘f LT “'.,’ = o3 ' 1-)‘ {

days ~ 6 hours .. 1T 1 189 1,92 .01 - o

B

" he microwomal preparation in this geries included "Ulight mrcvouo;e"

and ”hotvy MLC? “owe e The pellotmranﬁAcell sap were treated with -

- deox ygaolutp (auc), and LDO reauluu are cmlculﬂte&_as the sum of the

DOCe 1uhln @ﬂd DOJntnmolublo fractvaﬂs En'ﬁhe other series (fautna

for ﬁ dﬂyﬂ)gf%héﬁ”ﬁicr omo&“ anuly ed were untreated Yheavy -

microsomesits




IGITSE 23

Magnification x 11£700
liLectron micrograph of liver tissue from rat fasted for 5 days.

Stained with uranyl acetate.



FIGUlE 2k

Magnification x 21,100

electron micrograph of liver tissue from rat fasted for 5 days,
and given a protein meal 6 hours before being killed.

Stained with uranyl acetate.
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‘show . that théiéﬁﬂopiésgfé_reticdium ofitﬁa liver oells initha animﬁlﬁ_
f&#féd-for‘Syﬁéfé:ébggg$eémgaq ﬁq éiminiﬁﬁéd; aifhoughtnvﬁ comykéﬁely
absent. ﬁpk*houré'@ftgr‘a.ﬁrmt@iﬁtmealrthere appears to be a reogrowth
of the retiadlﬁm (Figﬁ£éLé%)° ?his finding agrecs with the observation
of Eaﬁnaﬁt'thgtathm fageneratimn of thm_reti@ulum in fagting rets could

first be scen about 6 hours after a protein meal.,
: ~a prot )

e proteinslike material removed from [lCA-treoted rat liver is a

provein of each fraction which is "lipld protein' is highest in

In rats fasted overnight, the cell sap contains more "lipid protein®

4, A diet deficient in protein or in calories causes a rveduction in

- greatly affected by these dietary varistions.

Cfhus the cell fractions ave diminished as a whole, without specific B

‘{ﬂﬁ\fff,fy-Afﬂga;

*

Our Tindings mby be swonorised as follows:
maJor component of the liver cell of both the rat and the mousc.
The greater part of the "lipid. protein" is conbained in the

particulate fractions of ﬁhé'mell; “the percentage of the total

the mitochondria anl heavy microsones (the membranous fractions). -
then the cell sap of unfasted mice. . This high content in the
cell sap in the fasted aniuwals may be due to fragments of disintegrated -

endoplasmlic reticulum, which breaks down during fasting. - B

the amount of all the constituents (except INA) estimated in the

whole cell, but the percentage composition of the cell is not

These deficient diets also reduce the total welght of each of

the- cytoplasmic fractions, without altering their composition.

loss of any constituent.
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6. Flectron microscope studies showed that liver from rats maintained on
a protein-deficient diet contained & little less endoplasmic
reticulum tﬁan the liver from rats maintained on a diet containing
adeguate protein. the protein-deficient liver showed the large
nueleolus characteristic of protein deficiency. In rats meintained
on the protein-deficient diet but given a protein meal 2 hours
before death, the endoplasmic reticulum had a more granular and
organised apoearance. Lven in the proteinedeficient rat, the
reticulum was not completely absent, and examination of cell
fractions prepared in sucrose confirmed that the microsomal pellets
("eavy" and "light") from ﬁhe»proteinwdeficient rats were éimilar
to those {rom the adequately-fed rats, except that they were rather
less dense,

7. lLxamination in the elecﬁron.michSCOPG of '"heavy"and "light"
microsomal pellets confirmed the indicetions from analysis of
these fractions that the "light microsomes' are not identieal
with "ribosomes”. They are rich in granules, but contain vesicles
as well; the véaiales are smaller than those of the "heavy microsomes',
ond the chief difference between the two microsomsl fractions seems
to lie in the number and size of the vesicles.

e 4 rat fasted for 18 hours and then given a protein meal 1 hours
before death has more “lipid protein® in the liver "heavy wicrosomes"
and less in the cell sap then a similarly fasted rat not given

»

protein. This is in agreement with the findings of Hunro and
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“(Jiar'}c,‘”tha%. 5 't'l*iéﬁf én&oyglasmic ':é-:ééﬁj.‘qultim'brea}m down during fasting,

1ami *i,hal: i,he brasﬂ{duwn 1 rcaver wcl by & protm,n meal.

[11 x'&t <'“E&J.V(.d :£‘o1:' 3 (lu.}’S s la "-er increases in Lhe microsomal

L.Lpld prm,e:l. },&ind 6 hours after a protein meal have been '

‘cub&s,e:c'ved.. ﬁl.ectrbn miczrbgraiphs show a reduction in the reticulum

) --Lh,u:*.,mu pt-oto in’ deuj.eij.orz, And fe,crrc) mh within 6 hours of a

]j)}?qte i‘ﬂ;mcéal . ; -
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BUCTION V

. gé}Théiéﬁb&éacﬁibﬁation;of céll fr&@ﬁibna by éhemic&l means
'ﬁin }ecﬁién TII it wos ahuwn Lhat tho menbranous irathenq ut the

liver 3911 are . partxuﬁL&;iy rich ln ﬁlmpma ¥, and in Bection IV evidence
w&s‘?rasanﬁ@d'whlch~indi¢ated a possible connection with the Gﬂ@DpwaSmjé
reticulum. ééﬁryﬁékt>éte§‘waﬁ tw.ﬁre@t the microsomes and some Gthey
Eracﬂions mf the @&lj with soms of the chemical r@aqéntg woich . have
>boanhu&e& o mcgar&tc ‘tho m@mbzaﬂoub and granular components of the

‘;migwﬁrunGQQ anﬁ to analyme Lne "lemﬁ N" and ﬂﬁﬂmlipid protein content
 .;m£ iﬁﬁ reaulthL fractlange

L fhc rowg ni&'useﬁ‘weré”

(a) sodlum pyrupha fh&ﬁg

A
v
i
"
o

:(b) sadwum dﬁomy@h07abc

(f&} 13?..:019(‘;%,}&1.1’1 . " | L | o o S :

(d) thv uwngmn (h&emuljsxn) from Starhylocooous Sureus

'(a)' udxum pvrophosphate'

jhlﬁ r@&rent r@movem ﬁho rnboq@mﬂl granules from the surface of the

. :endoplsamig reticulum, and rudueeb them to flagments no longer sedimentable
on acntrifubatlan achs, 19588).  If our lipid protein is a component of
the m@mhranes iny$ 1L shou d be spun down with the membrenous pellet after

pyerHQSphatettreatm@nt,

repﬂrahlonb'of’heavv microgones were. treated at 09 with C.LO0H pyropnusm

phate in ucroue saluﬁlon at P ? 4 for varxou lengths of time.. 1he

 $am§lé{whieh¢w§s usPQnded in ice=cold sucrose alone for two hours WiELS




S e g

L&k@ﬂ as . a sonﬁral, uné Tablo 21 and W.guro 25 illustrate the loss of
various Gcnstituenkﬁ-Qn'treatmeﬁt With'pyrophOSDhatOe The length of
Lime afrtr@ﬁtﬁénﬁ;ébeﬁ-naﬁ'ﬁée@ftq 5e"impqrtunt9 as fhe effects of
expusurexfor.ﬁwé‘ﬁoufs beféfe céﬂfrifugﬁtion are no greater than those
éf‘@prﬂure duringtﬁhe period of cvntrxfubatxun oaly.  The chief effects

are on the ilin and on the non«iipld protein, which fall to 44. and 69 respece

tively of the cmntrol vaiuﬂ <;Thejother‘aompanent$ do not seem to be much.
affected by uyrophoupha . phou,huTLpld is not reduced by short periods.

-

of treatmentﬁ althéugh it may fall a little 18 the time of exposure is
'prolmnged cand p!d pTUtGLn dweu not seem to be affected even by 2 hours!
r.nrcatment with nyroohnaph te., The composition of the fraction rvemoved
by pyLUPHOQPh&tD can be Galcuigféd by differehce, and proves to bo B3I HHA
and qu nonwlmpld'pratéin; iIt ﬁhuévépp@&ra to consist largely of ribosomes
(whlch contain ﬁqy RNA aﬂé,éﬁb pﬂotcwn)g 511{htlv contaminated by non-
lipid protein.' Thaﬁeireaultﬁ indicatq that the response of the Lipld
protein tc.pyroﬁhqsphaté‘trggtment;fqlloﬁs thaﬂ of' the phospholipid of the
membrane rather thanAthéﬁluf:theﬂﬁon»hambranous'comencnts, such as tﬁ@‘
non=1lipid protelii. i
One might Lhereiorc exuect Lhal the inerease in microsomal "Llipid
protein prcdumed ¢n the f&ﬂtﬁﬁﬁ rat by & wrotein mumW (see Table 20) would
be confined to th@ pyrmphosphutﬁmln@o]uble (membranous) fraction. . ,The
ragulhs 1n Toble d? %ndicaua that this is so, since the inareaae‘in'the
"llpLd N" content- ai the control. (sucroae—wq shed) samples produced by feeding

o protein meal,(Q?55~e_Q,@5'm Q;GS"mg.}'is wholly sccounted for by the
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protein meal., A1l the rats were killodit\c hour 1uter, and "heavy “

TABLEL 22

The effect of fastine and ngﬂtainfﬁggﬂinﬁx;

:

DTS cReBIRTR:ie =PRSS ik

m. the mvrmﬁhﬁgnhate;ins&lgple actmon of W¢cr0;0w

Four rats weve’faat&d'fsr 5 days, anﬂﬁt o wewa Lhmn FiVQn a

.
i

microsome' frac%nong wgre nrupdreu from th moojed homogenato of
each palr of liverﬁ, Samnles were ch Lod JDﬂ ﬁ ainuteﬁ at O with

nvrophosﬂhate in sucrose olub¢on or ULth sNCroEd sc1ut¢or,aione,

and then spun for 60 annivs at LU5,0uOb.‘he nel lchﬁ'*z ‘sanwlyucﬁf

aa,usual. The results are expressod.asrmg. in the pelletjfrom lOO‘mg.

Liver.

' » " . y,.;gs.,. 5 1w o S i e g T 4 Y AR ATy by Sy T < o AR i A S YA 4T R _ oo e et e 2 .
Treatment % Sucrose washed - Pyroohosphatem
P (conLro]) treatoed
WM,VE\.....-. . e w o e e M‘:E e ,_"‘ g ,1 vein ‘ e a e e e e e e e i "“'f I..i - ,,l..,:,, j_‘. e e .
Protein mctl cmeal 4 % no meal + = . " no R
; ; i 2 hours { meal . 2 houws mvmlg: A
: i !
. i 1
e per LO0 . : i ; !
. i ; P } i
livergs § ‘ i .
. f L , o % | ; .
Ili’_’)id _'QTOt'ein v I Q. 53" . !‘ O .l]ﬁ ' O."*‘? ; Os :‘58 2
i i pid vrot : : . b o :
Non-1ipid prots © 4 99 | 1,19 0.839 L 0.8k |
Phospholipid g 0. 55 NN A 0.5l S 0WM8 L
i 3 ' H . s . i
}4{3‘1}‘\ ‘ 0.(2,; i . 0.22 , J” D‘ll . 0@1:5 ‘;
ORI, SRR Y ; T < SN - - . : ) i
Ratios tw . § ; ?
. | : ]
TAt 1 vy ted - ( i s Y, ) . o e / ' ' y' ’
Liopid ?}OPU&H/ o ouhs . 0.38 ] 0i5% - .. OJh5 .
nog-iinid orots » i j RO C ;
L ¥ . Low "- e C e ’ : o ;
Iipid. protein/ 0,08 Co.98 L 0.87 08k

phospholinid L : ‘ o ' co S

non-1ipid gr?t/ Copam b o2yB2 o 165 1.5
phosphbliold - ' - :




incresse in the p&fophosph&tewinsoluble fraction (0.47 = 0.88 = 0,09 mg.).
In agreem&nﬁ‘wiﬁh Table 21, pyrophosphate treatment causes only a slight
fall in the "lipid N"_conﬁém?,jand none‘in the phospholipid content.
'The phosﬁhoiipid;qontehf:ghbws a_QMa;l ingreaae after a protein meal;
its response tolpréf&in feéding is thus similar to that of the "lipi& n",
aﬁ'is indicated by:ﬁhe lack of change in the Lipid protein/phospholipid
ratio. ..TableHZB'élsé ahows cle@ély the divergence between those constituents
wiich are insoluhla in pyrophosphate, and the pyrophosphatessoluble fraction
’oftmemwmmm®$Q Tmm,aﬁt@sfmmdiuTMﬂeZL,hthWamﬂrmm&hﬁd
protein are pa;%ly removed byﬁpyrpphosphate, and neither quantity is
inﬁreaaﬁd by‘a protéin'ﬁmal, The differences in the behaviour of "lipid"
and "non=-1ipid" protein may be seen in a comparison of the ratios of Llipid
protein/phoépholiﬁid and nonmlipid‘protein/phosphoiipid. The behavioun
of the lipi& proteln rescuiles that of the phospholipid rather than that

of" the non-lipild protein.

(b) Sodium deoxycholate:

PThe effect of daéxycholate (DOC) is the converse of that of pyrophosphate,
as it diésolvéﬁ;the;nmmbraﬂmus component of the microsomes, leaving the
granules. TheAform of treatment used was that of Littlefield, Kﬂll@f;

Cross and Zamecnik (1955), and the microsoml fraction to be treated was
prepared by fheir-method,“éo that we could make comparisons with their
published data. The.£%action'was roughly equivalent to the combined
"heavy" and "light" wicrosomes uf our own scheme. - .fter DOC treatment,

the pellets and soluble fractions were precipitated and washed with TCA,




TABLE 253

Bifect of deoxycholate on the protein of rat Liver microsomes

Microsomes were prepered and treated with o0C as described by
- Littlefield, Keller, Gross and Zam@cnikl(1955), and the fractions
-analysed o8 usualq . The results are the meon data from the analysis

of three livers, and ave exoressed as ge. in the microsomes from 100 mg.
’ §Y) 13

]

liver. The El&ureh in bragkots represent the gcrcontabe of the total

protein in sach frection whﬂcn ia "llptd" or “nonnllpld"

-

Feraction - Lipid protein | Nonelipid protein L Potal protein
DOC=goluble | 0686(27,.) 0. 95(750) 1.27
DO~insoluble | 0,07 (154) - 0.89(B5) | 0446




 &&& eytracued wnth Lhe'uauaﬁ ll‘iﬂ uolvonta, The distribution of “iiﬁ@Q:N”'ﬂ
:' and‘.mm-l::,g'd Pro Ge":tn :m ﬁh@ dx f’e:cent £ m.ctloxm is shown in 'Tab:i.é 25
‘~Thp “1ﬁp;d N“ Beemr tu bb,of@f@rantLMN1J &G1Ub13 in UOV,.Wﬂlbh dissolves
835 of ihe Latﬁl “11pld p?otein" an only ?Ou of the none=lipld protein.
These 1wﬂuﬂt% again smggeﬁu that the "1 Lpld Y" B assosmated with the
'ﬁcmﬁr&noug rar oa tnc chroaomeggf; Analy of the_DOQsinsoluble4pellet
u,mhowed Lhat 1t cunt 1nod Q&W RN@; &n@ ma probably thevefove a fairly plre

3pregalxt10n oi ribaﬁomoﬁa _ muph rlbogowe ave essentielly devold of "lipid WU,

,(c) hyrglcgi&g}n'ri;ﬁjy

This . h&emolyt;c roagont‘haq been :hownr(ioblnscn and wdundovu i959)
toihave f, olublimaing action on ;1deu (*Mlbl@ln, etc.), and may therefore
- §bo oxpectod Lo att&ck Lhe m@mbz&nou pmrb uf the microsomcs. Dpr initial
oxpérlmentu WJth ljéo]ocithln were, cavrlcd out on wholc mlcroqomama; ﬁ&iﬁg
;fipcrhaps to Lho L@bhnlcal dlii:culty oi dlsp?'31nv tbe beOTOLLthln (whi.ch
=s jnnolally dissolng ln chloroiorm/mothanol) 1n “the aqueouv suspension

'of mluruﬁomps, fhe YPJU1L$ were inoondiqtent. In experlmentﬂ vhere

flvﬁo1ecluhhn di& &ppear to h&ve homa offect in. dlaSQIV1nﬁ the 1ipid: pfotelﬂ,‘

F';\.it gonerﬁjly &oemod‘to affoct the non~11pid prOﬁCLn equa]ly, it wes not

A

4DOSu&bLL to e adur@ 1ts epteat on p ;hosnh ipid “3ﬁ?ﬁ the phosghoru content
'ﬁaf lyaolocatnln Ltbelf intarfero& in thn estjmwtiom..i‘ltﬁw&sg thérefare,”
o thounhc tha cv1dencu oi more specmilo action of lydolocithln mlghb ‘be

lqu,alned by us xny mthr&nc prgpﬂr&tlonn made- with pyrophoopha‘cov &icrosomms

";-ﬁer, troatcd ucquentlally vlth pyrophObphate and 1y Llhhln au@ordlnw.

Lo Lhe sohema outllncd 1n Fipure 26, . .Figuref 27a9 how the appparancc:
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FIGURE 27

Magnification x 2 3 t000

electron micrograph of microsomal pellet treated v/ith sucrose
and then with sucrose/glycyl-glycine as in Figure 26.

(Pellet A)



FIGURE 28

Magnification x 37|00G

electron micrograph of microsomal pellet treated with pyrophosphate
and then with sucrose/glycyl-glycine, as in Figure 26,

(Pellet B)



FIGURE 29

Magnification x 36 fOOG

1
Electron micrograph of microsomal pellet treated with pyrophosphate

and then with lysolecithin, as in Figure 2¢6%

(Pellet G)
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of tho resulting ﬁeiléﬁs ini%he élgétrbp microscope. These micrographs
aré not ﬁﬁ‘t@VﬁéliﬁgiﬂS might h&vélb@én hoped, tut some difference betweon
the different pel*c caﬁ b; séen.' The'contvoivnellet A (washed with
pucrose and aucroge/glyevlw&lyozne onLy) conﬁamn vesicles studded wifh‘
dense granules. ' Invpellot B, pyrmphosphnﬁe'hag removed wost of the
granules, le¢v1n& a dcn%e and fairly uniform mass of menmbranous matefiél,
which appesrs ho?hévé re-formed. inﬁa'émaller veslcles. - The féw larger
vesicles which remain gtill show éttached granmulea; and may have escaped
the action of pyrophosphate. In the pellet C, which was treaﬁéd with
pyrophosphate anﬁ~lysdléai£hin, the granules are, of course, absentl(awing
to the treatment with pyrophoéphatg),lbut the subsequent treatment with
lysolecithin has. further altered the eppearance of' the mewbranous material
als0. Ig_has{a,very open structure with large holes, and appears in
many places as a‘ooagulated MABS e

The analyhlcaT data for Lhose thlee.typeg of pellet are given in Table 24,
They indicate Lhat, as would be expoctod in view of the results in Table 21,
the contenﬁs of' both RNA &nduﬂﬂnyllpld protein have been congiderably
reduced by treatmeﬁt with pjgoPﬁOSPﬁate (vellet B). In this experiment,
subsequeﬁt traatmaﬁtﬂW£th lysolecithin remove& aﬁout 29,5 of the Lipid
protein of the‘pyrophoaphateninsolublo Er&cbion of the microsomes without
greatly affecting'its femaining ncnulipid protein. All these findings
are in goﬁd &greeméﬁt with tﬁé;eléctfon microﬁéoﬁe picture, an& support
the Lhcory'that the llp d. pr0u01n 1u a cumpon@nﬁ of the mlorosomal membrane.i.j

On the whole, however, nhe efrecu of lysolcclthin proved to be unpredictable.
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Lifect of 1v,01c'wth¢n On

pyropho nhatemtrouted ra{ 7mver m*or HBORes

Mleroedues Tgwemwed and i.v ﬁ’vw;% wi.bit pyroy ahouplmta (}f]"’) w'*- -
deseribed by Littlefield et al (i““b) vere then treated with either
lymplecm@hln (LL).lﬂ a sucrose/glwaly nedium or with the pediun
wlone (see Figure 26). Another sehies of microsomal nellets were
'trwmno& as a‘ﬂpnbie‘ccntrol, iee. thoy were treated with BUCTOBe
en

modimt instead of with pyrophosphate, and then with suero ne/ghycyle

.-mlycine mddium-i stead aﬁ with OLeLTtHLﬂ. TheAreuuluu of this
expeviment are exgremrou A mgq‘xn the naellet derdved {rom 100 mg.
diver, and aiao;asQa parcantagé of the values found in the double’
conbral Fcﬁies“(&) They are the mean data frmm-anai§$im of thrﬁéf
homogel abes of lvvor fron a single rat (or two ﬁomogenatés in the:

Ccase of Pellet B).

. R qupkln - | Phospholinid RuA
CIreatment Clipid non~lipid Ce :
Jwte % of Alwbts %of Al wbe S of A lwhke @ of A

Control (A) ,_ 0.32° (1007%) LoSh (L00%) | 0,73 (LO0%) - '.:?m; (100

BR o eddun | 0,45 1O 1,06 69% | 1.02 1ho% | 0.062 214
_ (B) | e | | “ |
PP 4+ L (C) ,-O.;Bﬁ ‘7..{./», O,,_E}l 59% - _— . _()'O);,‘;:E 1’-21‘?&;

Hote:??hé-higﬁ res ultr oolamn&d Ln PQLTLt B for the content of
11ﬁLd ﬁrnte and who"wh01¢de-(l%ngﬁi Lho‘cpntrol vglueﬁ)
uﬂﬁhbﬁb th&t &LJ the flfurem for Pelhet B may he A0 tob‘higho
A(PGLlCL B cutJmaLion are ba&ed on two sumples only). If the

.&h& and-nenelln1d PIO Lﬁun iwmvr e are multiplicd by the

adtor 100/140 “thav approuach quiée'clmmely to the vealn

ohiainu& lorA4 i]ot Q.
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and this reagent did not provide a satisfactory means of fractioneting

mierosomes, .

(8) Haemolysin (a~toxin) from Steph. sureus”:

Thl% toxin Jyseﬂ red bﬂ*; membranas, which are lipoprotein oﬁra@curca,
and 1t was thcuﬂht that 1t might also dissolve microsomal membrones, and -
thereby g,avide a uscful meens of fractionating microsomes,

At_ﬁiﬂstdthe~micrasomam were prepared in the usuval way in sucrose
éolutlon, and ;ucroac WES .alsd.present in‘the medi.umn during incubation
with the coxino . Nhen the toxin in these conditions appeared to have no
Pfi?ﬁt on any oi the Pcur conm£Ltuenta measured, an 1nh1b1tovv effect
of suerosc was suspected (since glucose was knovn to inhibit the haemolytic
activity of the toxin, and éuorﬁga W subseqqently shown to do so also).
Tn lat@r’ﬁxPQrimeﬂtB,'éﬁér@for@,“th@ microsomes, alter. preparation in
lsﬁcrbse as usual;'were vashed ana incubated in KrebseRinger blecarbonate
buffer solubion. The results obtained by the usé of these conditions
are shown in Table 25i It is clear that, while the toxin removes 1ipid
protein, it also removes a similar proportion of the other constituents,
with the possible éxceytion of phospholipid, Thus; while the toxin doeé
aiicot the microsome ; it probab}v bas a non~selective uﬂthﬂa

Since these effects were observed after an hour's incubation, however,
it seemed likelj ﬁh#ﬁ they -were the reault.of total disintegration of the

microsomal structure, and thet by the iuse of shorter incubation times it

“  These experimeits were &arrled out in colleboration with Dr. I. . W,
Lominski and ¥w. J. arbuthnott, who provided the preparations of active
and inectivated toxin. :




TABLE 95
Thé microsomes were washed with bicarbonate buffér aﬂd incaﬁaﬁed'iﬁ'l
uHOTOS@”IrbC medium WLth &bthﬁ or 1nact1vatcd (hcatod} toxin. “f1ank“~

tubea coaiawnlng Loxzn but no: mivronomes w&ro'aluu jngubated and &nalys@d,

'and-the figures obtained for these tubes_have been 5ubtractéd ﬂrom‘thoaé

of th&-&pgrOnriat@ "Teat".

- The reau1ta are dcrivcd from th@ analys1s of dunlicate dumnlcu5 and

;aﬁo expresaed as mge in the pallet dcrjvnd from ]OO ng e oi leor. The

figures in brackets represent the contunt of the toxlnutreaLod pcllct

as . a peroentage of ﬁh@-amount in the p@llet’tréatéd‘with in&ctin'ﬁbxin;,

‘r

i Ny T S
{ Treatment - }rotexn 3 RNA | Fhospholipid: .
: ‘ R 75 X I nonmlJpj.d { S a
.Treaﬁed with heate L0535 G 1446 10, 96 5 0,78
inactlvated Laxin ' ¢ L ;

v

PRI SR e

ORISR PO

Proated with - 1 0,89(74:) . 0,995(794) 10.20(765) .~ 0.70(80,.). | .
active toxin L A P '
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Ly

“mlght ho possiblé: , top the prb&b%d at a atoge whera certain compomonta'_‘,?“

«

’ch&d‘bpcn.GibbﬂlV?dme?O han ath@rﬂp ﬁuch a- nﬂxnﬂ would 1mp1y a

ueQueniLal bf *kdown uf Lhe miorosame“, _’Table ?GAnhows the re sultw of :

5 w1ﬁh toxsn (in biaarban&hc bu iev) far varlou t&maa

'ovey th ranuo 10 n¥nutos ta ? hOufun« ,There

i 1ittle eViﬁenca of

”]ﬁcquentlal brc&hdowna 1n¢ea i h the pU“QiD1O cxeeption of &hoapha zpiﬁ,

“Hhe: vmrJous conatiﬁu@ntb Eeem Lo bo diouolvuﬂ at 8 conxtant r&ﬁe over 2

o houvs, ag can'be acan f"om blfura dO.'

5

Oomp{rxuon oi‘the GLfGL; Qi acblve Lox&n with chat of fox in_iﬁactiﬁdﬁéQJZ
'fby &uLOCJdeﬂﬂ, huwcv%c; iﬁ&icaﬁes that oar* of the so1ubilisatlon process.
'3L¢ prubably du@ te tho GOﬂdJLJOHS 01 Lnoubabjon mnﬁ not to any "pealx;G o
"actlon of thc ﬂthVﬂ tozin.'_ Thus, aLthoubh the‘]lpld protemn is reduced
;Rﬁa 600 of 1&3 LnLtLUl vq ue (from,o 40 to O SL) aiLeT 2 hourm' ﬁnaub%tion |
meh 00L1v¢ toxnn, the ;'iﬂ 'ue of th'u@PlOB in whmcn hev;ed Lﬁhlﬂ |
as us cd (0 46 Lo 005?} f when Lhe conienb of Lh& pellats nnany p %UU%N'/ 2
‘1nuubaLlon wnbh acﬁivp toyin is cm]culahed fs oa garcentape of tha amounﬁ

in the gamplcs treatad Eor ﬁna.éamg pérmod Wlth 1nactivatﬁd tQXIng ;b
becomeé clg r tn@J,Oﬁly tho n01~|ip3d pr0uein and Lho RNA are removea
A}spepifioally hy Lhe &cﬁxmn of he taxmn« Tho ;w ~c:l protein and. phoﬂpholzpld?;

are much leﬂs~&f£@0teda:

s

-

‘heme rabhor unexpecued Pﬁﬂl]tm uygumﬁ hmu ang specnflo ofiect thc'“

‘x

t ph. wureuu toxin may have on microsamos 1 -on Lhe rlbuuoma1 grwnu1ea :

s nnd\nobg as mlghb have heen;prechtcd fram itu efiect on the mtromata of

i rcd celLs, on Lhe maﬂbr&nen.L_‘Thls lmpLJCS thab the LORLH causes’ dchachmcnt s




TADLE 36

CEffect on mxmicaoma

pellet of chatmonb !ur various tlmes

”‘witﬁfﬁtapha'aur@ua hoaemolysin.

hlbfo OMES Qreyafed in sucrose and washed with bicarbonate butifer

WL inuuhmteﬁ‘in ucr EmfPGO mediwn with ascetive or LH&GELV&bﬂd toxmm
ov wath Lhé m@dxum only -Tur_ﬁhé timeﬁ'stat@do The results sre based
on pnslysis of:ﬁugljclﬁe portions of a Ll”lﬂ homogenate of liver from
one r&ﬁ;;aﬁﬂ'haVG'bm@n»ccrﬁéQted for the content of ﬁhe Ttoxin bLankv”
They are exprasséd‘dg_ﬁgu in thé)pemﬂnt derived from-100 mg. Liver..
The figures iﬂﬂﬁrackeﬁﬁ_repr dcnt the contcab oi' the pom.at treated
with. scbive toxin for 120 m;nutes as a percentage of the contant of
pellets treoted for the same Hime with heateinactivated toxin.
Time Semple Prétéin - Frotein i hospho= 1A
(mize ) (lipid) monelipid Lipid
o ierosomes & 1 0.46 .87 Q0664 0. 4L
o Piooetivated toxin
10 ‘
lcrosomes
active toxin 0.45 o 9L 0.73 0,26
45 7 1 Microsomes ¢ o
active toxin Qo4 081 0. 64 0685
Migrosomes only | 0428 0,91 0o G4 0.2L 2
Yicrosomes L _
120 | inactivoted toxin | 0.32(100.) - 0.,91(100.) | Os 68(100 ) 10:25(200,)
, PR . . :
- {iflerosomes. & C - ‘ i
' o ' N ey s 4 o an ; 17("
- active iox1n 0.3L(975)  0.88(64.) |0.60(88.) L. 1(7QM) j
' N ' ; ;




FIGURE 30
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o%;ribéﬂdmeéﬁffag‘égé_ﬁeéﬁrana,‘péssibly‘ﬁiﬁh partial disruptiQHIOf the.
'ribbgomés; fA “' | |

) As imr aﬁ‘tﬂé Sdufce ol the'lipid pfbﬁ&in is concerned, however, the
rééﬁlﬁs.abﬁainﬁ§ Eg‘tha uaé of this toxin show that on the vhole the lipid
proteiﬁ:i 7Jowp Lho uulubLllty pdﬁﬁernlo %ﬁe phcspholipid, and.ﬁéqmﬂ‘
-31kely'bo be puft Qf the micru3cuml meg&r¢ne

n—a-,—-

'

3 JA1l'fQur offﬁﬁéTxeggeﬁts we h@va‘uagd for the fraation&tion éf‘micréécméé
'(pyrophqsphate,wdéd%ycholate,'l#soleéitﬂin and haemolysin) huve had-an
1;é£fect}gﬁ the leid protenn qulta &ifierent from their eFfestu on.noinipmd
4pfbtein.‘v}Th@ re&gentu xn;ch att&ck Lhe membrwne (DOC and lys oTeciﬁhin)
pmclfloaily remove. tho lnpld pvoteln but not the nonplipla nrotcln, whnlc
Lho&e whlch dlasolve tho ribos omal ér&nules‘(pyrophosphabc and Gﬂﬁﬁibly
haomolysln) have the rever @'action. -‘In these fractionations thp:lipid
protein so‘ubll¢ty follows Lhwﬁ of thc phosphollnid, and it seems probable
that thef;ipid'prateinvia a nompoﬂenﬁ:of the membranous part of the
mLcroqomewa TThis.wouléjaécoﬁnt for the féwﬁ'that the content of Llipid
prmtein=in'th¢ "h@&&y mdbrOEOmaaﬁnis higher than that in the "Light
1§icroaom@§“,'&;nce, as was shown in Figures 18«22, the "light microsomes"
contain more riboSomai'granuleé-th&n the "heavy micrésomes"g and are less

rich in membranous vesicles,
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z.Uptakc of T&ﬂlud&ul“@ 21N0 ¢ awzd“ by “lipiﬁ W

i

A namber ui p i ubﬂﬁanccs uapéhla of incd%yor&tiﬁg radionctive

-am1n0 acids. havg beén ig uiatéd i:nﬂ o v1rLch‘u1 tluou 68, .;Barngbci and

Fé?f&fi_flf ) have d@moastrutod LHLOT uraLJun mf'amino'acld*'inio a -

thJPh&leO; 3t1&9 LTHthDﬂ ot WﬁJlG xt 11vv1, und IAJnlng, xuuul &ﬂd

Aho1r0d (1 bO) hﬁve BROWI thut b nPrab-urGQQ &gioh" ui vot iiver,micrqumﬁﬁ~

O

aud cnil iy iﬂcubao@d ‘Hepoy LL(*Y:QI torclhcr, cnﬁ also 1n¢orpufate'amiﬁw:.‘
_‘acids~iﬂto “lipéidal nmterial“. Upt& e of amlno d@ld ﬁy.lipiﬂs?has been

OhuwfVPd in 0Lh€r L”b ue aiso, gni 1nAhnn OVLuucL %y H 1ﬂ1cr ( ,59),anﬂ-*-"

in - the protopl&été”uf i

jatcrlum by %unter and Cnous 1 glwﬁl)e;:ffhesé

and - uth@r q{uﬂieb on . uhL upcaaeuufkamin¢ acid s by-llhid frnch:oa “iave

s e

ulrnady becn discuss ed 1n‘more ﬂetai iﬁ*ﬁhm intrcduotlmna.

Our nex 'ﬁtéu, thcrefbyg, ”&d to dLobOVO 'hobhor our ra t JLV‘" "lipid*ﬁ“

TS, aupmhlo Of 1ufo:uarxt1nv‘umjno aaxd .in,Vivug and t&;cbmpaxw i%ﬁ“‘

i

met&holic behaviour with © ab ol % hc non«llpaé proL@¢no_/“*hw il‘“ ‘”j&?ln“

. mnnt, wpre 0arr19d out Oﬂ Ldt ‘f&&uad OVPPnLﬂhu ai?cz maJntenupLL un u

[

ulct ounLalan~ ad@uuduﬂ nrotcxn,‘SGMVfuf ,hgah wﬂrv piﬂmn a a‘o‘ ir ﬂoal

K lmgé-hOurs\befb:é_daath. f The rldLoaclee am1no &CJd (l“ﬁﬂJuWL“ULLﬁO)

WaE injected.via.thé'tall VOLH, and WQbUS oi th JLVOT m;re rc:OVﬁd 10

and;QQQMinuﬁGS afﬁéfuﬁhﬂ injectionj\ ?Thﬁse“timﬁ*intervals wers. chu gn o

as tho se used by LLLtlofield eb al’ (l%ha} in tnc¢r work on rat liver_

'mlcrosume By ulﬂ&e Jt was hor Pd to acmpare our rvbuLL 'i h ﬁheif;ﬁatae

i sto-

”thtloilcld oL al neas ured amlno ablﬂ inﬂorworatdon ln vivoe iato ce 11 sap




ﬁnd 1ntm mlcvo&omal Ir&btlon _‘wxcd by means oi- deoxycholivte, but they -

mLUGLCd onlv bhe ii hide Gxtrﬂbbcu wrotclia. “oln our=experiments vie examined
thc autlvnty Gx‘both 1Lu¢d<dnd n0n~l1p¢d )rmtﬁrnmu The results, wiich

are yivvn in L{b L& /f, uhﬂ” th¢L the ipi& extract docs contain Ildlomf‘

b aekivitys ‘hc Gumgdri 501 hotweo& f&.Led'anﬂ ;IObClﬁmPOd anduals. is beat -

madé‘dn‘tng &{ ig of the m@&h‘ratiq‘ufglipid protwin~acti#ity to non=Lipid:
-,prmtei? autJVJLy,'ainge the”actual 5pocific,activities vary greatly Srom:
“animal Lo dﬂiﬂﬁl aouordtny Lo bh@ mmmunt of injected amino acid actually

1c1iﬁ _ﬁhe iiver‘,and vary also- Lh the degree of isotopic dilution by

thm;@ﬁiHO;gbiﬁ “uui _; ‘he dllutlgﬂ“

<,<.A'.

3y - 03’ ,um se, most marked in thé proteins

fcd anzmnmu, Which weregabsbrbing,éminof&diua at the time of injection. -

u,“mthougﬁ LhP SpLU f ( sctivltla riwd, however, & roush estiselbion of

S,

"ﬁrﬂuuiﬂ Loﬂi@ﬂt MHQVQG La&t the aglucl omound of Lipid protein, celative

to the’amounb afnnpnmligio prdtﬁiﬂg did pob eppoar to be albered by the - °

”fﬁedinmcﬁ'a gﬁahﬁfrmealﬁbﬂ{,huurz1wuorw:Mm¢hy
Tab1c /7 uﬂOhm-Glflfwy thb the fDLéLnﬂ-Uf a “mteln meal to - ratu ‘astcd‘

wvcrnLght maska&ly anroﬁ €5 the'ugﬁmke 0f'umino~aciﬂﬂ by th@ lip id protein

¢

reJ¢L1vc to. the uptuko hy Lho n01mlipid'pr0tein. The effect is a@ch‘at

nalJ Lnrcc bime xntvrvaiu tcstod9 4nﬂ th@ ratios do not alter preatly ﬁtlin

S

th9 rﬁ‘xud 5w2@ minuté ‘aitor 1ngvot10n= Owing to . the iéotoPic“dilutian

dirfercnoc hnuwcon tho fdbted and oruLOLna{cd rwt already mentidned,

.x" B
v

;fis not poss Tbib Lo vay,whﬁ%her ihé”incrﬂaa@'in their&tiw (ﬁpa'aét.fbf‘
JJpl DrOuCLﬂ/ Da dCua oi nun-11u1& nrutgin} is dua to stimud &LLOﬂ of

thUT?OdeJOH into the. jipLd,yFOtPln ox- to dtpfe sion of incorporation, .

v




OQABLE 27

Incorporation of 140-leucine into Lipid and non-lipid protein of

| rat Liver -

Lach exPerimeﬁh wﬁs‘ca$$i@d out on oné fasted and one protein-~fed
rat. Bqth\rats_haa beeh.fasted for 18 hours after maintenance on stock
diet (exp. 1) or high protein diet with carbohydra%e supplement
(eﬁpg, 2 and'ﬁ).- The injeotidns were performed lels hours after the
feedipg of the‘prptéin meal;

The results are,éxpressed as épeoific activity (epw/mg. protein).

In the case of' the non~lipid vrotein in experiment 1, which was counted

as a powder at infinite thickness in én end-window counter, the ectuel
counts have heen mltiplied by a correction factor (0e8); so that they

sre equivalent to “cpm/mg protein’s The "ratho" vepresents the spe act.

of the lipid protein sp. act, of‘the non=lipid protein, and the "“mean ratio"

is the mean of the valucs obtained in the three experiments for the "ratio,

Time |Dietary| Hxp.l BXDe 2 BExp.s | . Mean Ratilos
(lnin s } state [J:i.T) o Nolis ilip Nolss I-Jj.}'.) oNelse I.Ji'r.) oNelie i!l}{p ol E}Ep 0 2 E]‘JKI} e S1llcan

5 |Pasted | & 9 L 18 B4 | B2 57 18 40 | 0.33] 0.33] 0,56|0.41
Fed 16 286 6 680 10) 54 14 062} 1.00] 0.80}0,8%

10 |FPasted |16 30 : 26. 77 | 2 ®6 | ab 87 Oeb4; 0,54 0,400,435
Fed 25 29 13 18} 20 251 19 24 0.80] 0.72] 0.80]0.77

20 |Fasted |12 60 .| 65 126 | 86 109 | 55 95 024 0,52 0.79(0452
Fed 47 B3 | 13 26 | 41 45| 38 41 0.89] 0807 0.92;0.77

Lip. = Llipld protein sp. act. (cpm/mg. protein)

Nelbo = nonplipid protein sp. oct.
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’1nLo an nOHWLlpLﬂ pTOlen, but 1t socm& unlLkaiV tna the consumption of -
L T protemn mea& wmuﬂd have Lho 'xﬂter exiecta

e alaé'huve,some date on the effects of protein'dcpletion on the .-

“fesponse ko o pvuugiﬁ mvﬁio In two of the above ekperiments a second -0 1%

gxoupldffgaté ﬁ;sfipdluﬁed whiqh @ﬂﬁ:previou$1y been maintoined on a digt.
‘ﬂafiéienﬁlin ﬁ%bééiﬁJ': They wa%& ﬁimilarly fastﬁd‘o§5rnight and injdﬂﬁed
p‘WLLh 1*&»]0uh1n@ whnle utjll iaﬂtln@ oxr L-lq hours after a protelin mealif
‘The résqlt Sy Pa1cul¢u0d in Lhe same:ﬁay‘aa thoﬂ@wfor the rats maiﬂtaiﬁe@
‘on.thé‘&ibt @mnt¢xn1ny aﬂg udﬁerpfoﬁéin, ve nlvonA.n.Tablﬂ 28+ ‘They ghéw

45

Lhat Eﬁcdlnw 2 protpln m0dl to Q; {cin»ﬁeficiant rad -dog; noy prudﬁde'
an 1ncr¢ﬁ59’iﬂ tﬁe‘sp@eifig'a¢ﬁiviﬁy ol" the liﬁiﬂ’yruﬁoin!relative tojﬁhat
""oi the norn=1linid pruteln. Th@lxé los of the qwcur{zc QGLAVILJQH of' ] y:d
to nﬁnﬁlipi?jprvﬁéigléﬁiﬁhe.ﬁwb diets are shown iﬁ Eigaiélg and, Lnﬂlﬁﬂth
thc-déntrast iﬁ uupﬂﬂd?q - |
'Thus‘the‘efféctmpf3g proteiﬁ'mgai in increasing th reliLJQo aat1v1ﬁy
S of Lh@' Ly id.prot@i;,mééﬁﬁfﬁﬁibé Qonfin@d to mnimﬁlﬁ-wﬁichp“alﬁhaugh~iagtcd
avernight9 ;fg‘not:inlé ﬁ%&télﬁf pfotein deficicncy%w‘41ﬁ-vicw of this
differéndé peﬁwe@n'fasféﬁ'amﬁ‘proﬁeihafadurats‘previdﬁél§ ﬁainﬁainea on 4"i:
a dié{"adequ tc 1n protein gon{ontﬂ we carracd uub iurthef prernnaﬁuﬁ |

deﬁigned to how WhthPf thlﬂ d&fferencc in act1v1iy ration. wos ocn?:ngd

- to Q@]'&ln irncﬁ:ons 0[ tha aall or whebhor it was quarea by aul tha fractmonm;

‘-The'ezperlment$;werq,carrmed out on rats'maintaine&-on dietsacontaining o
sdeguate protenng-xn th sEme. way mﬂ the experiments described 1 Toble 27,

:bub the LLVﬂr WES LRAGH for unaiybl at o single tine interval only -
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lnuorporatnon of lﬂbmjeucsno zniq Lipid and nonm xpid protein

‘of proteinadefici@nt:rat liver

The Lkpvﬁimﬁﬂts were carried out on rat, wiich had been kept on_

proteinwdeiicienﬁ diets,'with carbéhydrate supplement, for 6'days.
The oxgnrlmenta werc pﬁrf rmed, anﬂ Lhe results omlcu7uted, ﬂb in

Puble 87 (eﬁooerﬂnib 2 and 5).

Pime | Dietary | - Bxpt. 2

Bxpte B |  Mean Ratios .
(mine) | "utate [ Lip, Neli :

Ldpe Molie i Lipe Nolio exp.l jexp.2 mean !

AR CENTNERRS S
= AL e 1

{rasted | 71180 { 86 17 0,72 - 0,64

22%1 23

H

g P AT s e A 43 i

Fed - 4 93 75 92 49 | 0,20 | 095 | 0,69

T B

% o E Vasted | 50 ldolg‘lof 1éb-§ ,?é 158 § 0056 | 0476 , 0456
% " § ed - |19 6 | 25*5 5 Ca om f 0,29 | 0,64 0,47
E ] | vastoa | 80 192'3'1?8 215 | 129 203 é 0042 | 0,84, p@éq
R0 ) ' : | i | ;
| ? % Fed 2? 150§ 75a;100:} BL 115 . 0,2 | 0,75 ;0,48

Lips = Llipid protein sp. act. (cpm/mg. protein)

T

Welie = non=lipid protein sp. act.> =
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RETT R

(5 m;nutc ) - The oell fr&gtlon Wére:?feparéd in thé:&sual w&y, and the.

<

results bbﬁnined apa shown in Tablo 29.2 LhP dunllunt1on of some of the

»

: figuras~1$:pbénybut in both eupgzimémt uLL Lhc aytup&& micﬂﬁxactioﬁa
show'an increagé,aftcr a protemnxqeal in,the-activity[ciﬂﬁhaylipid'protqing;L*

“'elativm ko that of-thﬂ nunwlipid protein. Thuéith@~ingfenﬁgyfﬁ‘nbt"

'-cunflnod io ny partlnuWur f]lbfLDu 3?"&&@ cell, Pho actual specific’

natjvzt eq uf iho protojng uf tho vaanu~~. Gtiéhs, shovn "in 1

Orovidn a, fough uheuk on- ﬁhg OLfiCJPDFy WLtﬂ Uhl(ﬂ our unwlyticallmﬁthcdsfj:

rémaﬁﬁ aai&msolublé subs tunma%,vsuchAas;frmeﬁﬁmium dbldnq'. Tho fajxly

'Jow QHLCLfiL &cL1v1my of tho cel‘ Sy whwch at oa t in tho pr@tein—fe&w=

wer - ) o

~raﬁ160&éfﬂa%,cgntain 1&rge quaniities of*lipid“prmteln,;ind 1tL tnat

‘ the};ipid sblVeﬁf'éxﬁfactrbf~thcvcell ﬁy 1o, nmt Lru sly contaw&w”tc& by

- frée eninoacid.  The ratio of 1ipi€«wroteiﬂ a@hiviL ﬁm nonwtmy X! pragexn'ii
R N H “a t ‘i —' s : . . , : - ‘ "
&Gﬁivity i& rather.hign in the cell sap sumﬁare& w1 h the,r“bxo in the

othor £wa¢t;onw (Tablé 9}5 and thi is may ba &uo to sliwhh Cant&min&tiQﬁd:

Vi et
ot

;V@ry“iittléfkle }utulnm wou*d be reﬁulrcd to raise Lh@ ,goalcio dﬁthé ﬁ'”
of thé-ﬁﬁ&ll Mmauﬂh of 7lpld mrotajn in‘thw aoll SAD. '*The deﬁfaé Of;ﬁﬁéh .
'"cnmtamanat;on ﬂnmt bh uzall, hwwevcéﬂ i ﬁco lué'eﬁféét. vould be morc ;;éieugaf%

,Jn the'¢a Lcé annma]; whioh haﬁla“qmulio y and thermfuxe More T”dld&bELVO,.b
’ﬁree:gmiﬁejaﬂid-péﬂk,-an& which.neverﬁﬁe}eés'haava-lOW&r)gpecljlu amtivi@yri-fz
:in the.cell Sap JLde protexn Lhén haﬁlthc p?ohe1n»fud ra. ta The‘quhiﬁg :tﬁ':

WLLh ibA uwntﬂlnxnn “cdrrier" lauclnﬁ must thoreiut@ Hﬂvc meQVQd thﬁﬁfreﬁy"“&

.

amino dCldﬁ qulto oiflclently irom.tho &Gld*?fCG&Dl,dLPU cell'"au matermal,,

iinco thu ceil ua@ 19 thn frrcu1on rxohest ;n free’ amlnm acnd the'lip@d FI




PABLE .29

Incorporation of *Xeleueine into 1ipid and nonelipid proteins:

of cell fractions of rat liver

Fach experiment was carried out-on one fasted and one proteinwfed

Tty the injections being performed 1k hours after the protein meal

had been given to the fed animals. The results ove expressed ss specific

activities (cpm/mg. protein) in the lipid ("lip.") and non=1ipid (N.L.)

protein fractions. -

The ratio of these two flgures is given under "RY,

and the "mean ratio" is the mean of the values for the ratio obtained

in the two experiments.

L Cell fraction .|Dietary | Uxperiment 4 IBxperiment 5 Mean
State Tdpel Noloa| R [LApe| Welie| R Hidps |Nele] R
. y §
Fasted | 15| 13 12,0 § 36| 80 [1.2 25 | 22 {1.1
HHitochondria, - ) . - ' '
Fed 25 1 20 [1.250.55 | 15 12,21 29 | 18 |1.6
|- ISR S SRR TSI  ISUURSUNE SO N
vasted | 381 48 10.8 || 85| 44 {1.2 | 47 | 46 {1.0
(Heavy microsomes| . : o g ‘
‘ Ped 96. 5 83 11.2 701 57 |1.8 || 83 | 70 |1.2
- . ] * . B
o Tasted | 85 | 34 10,7 |58 | 58 |1.5 || 41 | 56 |1.2
Light wicrosomes| R % I _ ‘
Fed 92 1 66 |Led 1178 | 46 (1.6 || 85 | 56 |L.5
e R ; . SN (OERORUIE S ;wn» el e b —< - . ‘. T T,
FPasted | 31 | 11 {2.8 [41 | 18 12.5 | 56 | 15 2.5
Cell sap o . 4 o 5 |
' Ped 70 ] 19 {5.7 158 | 14 {4.1 | 64 (17 |3.9
R T !
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CPABLE. 30

The dincorporation of 145 Jeucine into the Lipld and nonelipld proteins

of DQO;sSlﬁble and, minsolﬁbleAfraétiona of mMmiCrosomes
liach eip&rimﬂnt.was‘c&?fieé out on 1 fasted and fed rat, both
previéusly maiﬁtﬁihéaﬂqn an adéquate diet. The protein meal wes glven
to the fed anim&l‘ié-hoﬁrg-beere the injection. The results are>exPr@sme&
as épécific activities ond as lipid protein spsact,/non-lipid protein

8p. act. ().

Pract. ;Aﬁxﬁ}i‘ R@suif 5 minutes 10 minutes 20 minutes
' ' Fasted  Ted Pogted Fed Fasted Jed
- b 1dp. 950 208 o5 159 995 500
8 nJe | 7AB 175 767 159 1065 231
. R 1.27 1,08 | 1.19 1.05 0,95 1450
DOC - " lip. 855 395 | 1060 475 950 1250
Clsoluble | 7} m.l. 254 153 380 209 611 367
TR 5.57 2459 | 2,79 2,96 1655 542
Cuip. | 905 s0L | 988 517 o75 775
mean |  mnul. 498 . 184 574 180 838 299
R : ‘ 2.5 1.08 2.0 10’7 :.‘.02 205
Lip. 360 -850 | 449 150 523 575
6 . Cmel. 495 210 527 184 595 159
) . R ! 0.78 1020 : Oa85 0991 0088 2.56.
DOCw - 1dp. 821 261 | 280 167 450 368
1n501° 7 St PR - ok (‘ s B4 . 245 200 271 H33
‘ ) Co R . 0.‘?1 1.42 lel4 0.8 l.66 1.1l
, L 1ip. 0L 256 365 159 A87 372
mean | mal. | 408 197 386 182 455 246
R 0.8 LB | L0 0.9 1.5 1.7 |
| lip. - | 186 &4 | @8 80 240 57
b6 ] mel. 98 27 120 26 203 27
R 1,58  1.29 | 1.82  3.07 1.18 2,10
; S} Hpe | @6 (139 |17 90 466 164
Cell sap] 7 | ml. | 94 46 | 137 60 254 125
| | TR 2,80 B3.0L | 1.85 1.5 1e84 1.32 o
; g ip.t | w76 87 | 195 85 555 116
; Pomean 1 DLl. B SV 129 43 229 76 .
g g "R ] 1.8 2.1 1e5 248 1.5 1.7
i . I . L C
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,diécuumeﬂ léﬁer.
‘}In this aefie, ui ox &riwwnt thv act1v¢ty of thv 7191& nrotczn
elative to Lhat of the ﬂonnlrp d pfufein i notg as in earl cr :xperim@ntsq{
',ﬁneatér‘in the @rgﬁ@inwfeﬂ th&n.ip the_fasﬁ@d‘r&t;. there is ' hmwﬂ?@f;ﬂ\

_some difference between the two, in that the y%t:a f-lta steadily from

5 4o 20 minubes ofter the injection ib the faﬂted~rat,'wherauﬁ’itfriﬂas-
in the protein-fed rat., .at tw”ﬁty winutes alter the injection, the :

rabio in thefﬁOGmmdlublé fraaticn wfhﬁiafosomeﬂ-frmm the'?fﬁteimwibﬂ rat
is-hlm§§t;twicé’ﬁhat in the Ea,iod rat (Pable QO} w
:Sihce_ﬁho ratio of ilp&d pre "ﬂV/ﬂmnmllDIG prﬁtblﬂ activity wos mﬁi@l‘
rising;twcntyfmiﬁﬁtéﬂ after the ipj@ctibn;of raﬁi@g 1 iQUQin;;+91ﬂCX‘
géirigd out &.similgr experimentg-using dediycholaté fkuctionutioﬁg vaf
o longer blnuwﬁaéhﬁ }ahted ox n"wtoiﬁfie& vats WCLO:LﬂJFGtOd J uau&;,;éf§f
ﬁ:and killedi?@ orgéo minutes la@gé;_ '”ablé 3L shows the_ﬁpecific aativiﬁiég“
of thq prqt@iné_pfltﬁexaﬁll ﬁap.aﬁd of"%bé'nmam oluble and QmeLﬂ:u Luble
ifracticn of! thaimiorbSOmesa ,InZEbﬁhfﬁiéyoésmﬂi fracﬁiqns the acﬁivgﬁy "’
30{ Lhc_w,ula pTD;GJn B0 m¢uﬁt@ &ft YA ;ndegblon, r 1o Lﬂv§}i3 @hat afﬂﬁhe:i
non-1Lipid pro+01n, is much hirher in Lho ﬁrOtGiﬁPféﬂ'P&t.ﬁh&ﬂ‘iﬂ<th® fa t?d;;?
vat (Toble BL). &ixty minu1¢, aifor Jnjecbnun, huﬁqur‘ thg xwtim 1n
the protclnvPed ?di'hns falLons while that ln the Fasted rat has xris onol
“~:”num 1n.hhu proteinmfed vat. the llp1d prot@in of the microsome ; appenrs
yto.reacg‘ius'hlghegn\aculvlty about 20m 0 mznubo“ fﬁor’the ingcgﬁ;onqur
radionctive Leucine and then to deo?eame;_wﬁile the non-lipid 5rbt¢in

 increases In activity more slowly over a longer peiod.  I% would, however,
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queuclne into’ Linid and nQQwﬁmpid proteins

Of‘Docnsoluble‘and¢-imsdluble fraotiona of' rat Lliver mlcrosomes

Yot longor times after injection

The experiment was carried out on 2 fasted and H:-proteinefed

- rate, one of eaﬁh;paib;baing‘kiliédtﬁO minutes and the other 60 minutes

‘-é.a’:"tér thé injeo'tz':i.onf
'lq hours b@fmre tho 1njactwon.

‘as specific aetivities

non-1lipid sp. act.

The proteiﬂrfcﬁ rots

vere glven a protein meal
ﬁhe rasults are expressed, as uau&l,

and as ﬁha"rﬁtiouof lipid protein sp. ach. to

Fraction ”“VRééulﬂj' 50 minutes 80 minutes
i ‘ Jasted - prot.efod Lasted  prot.-fed
1 Doge Jdpypre T saY 796 1040 504
“|soluble SNON-Le: I 200 L ALB 999 5035
o ratio 0460 1.92_ 1.04 O»GQ‘
DG Lips bf.f" 339 860 392 370
Jinsoluble NON=L.. P 431, 223 284 461
: ~b xatio LT U779 16l 1.38 080
Cell Lip. pre 273 129 300 268
sop o monel. pryo. 4 2250 165 3550 180
‘  r&&10 ' 122 0,79 0.86 S 1.49
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1}(, um‘i L Lo pl‘u,rf mucb. walgh on ihu ('j,{_, w U or;, 1@511]_L j_‘n this @-};Péril—m«_’.zﬁs—;‘:‘

PR

sinc=;nf h f UTQ Jn Lhﬁ ihtb rcvvc‘unmm a 31ng10 mf901mono

 ;Anuthcr ar proach tu the frmbtionxhlon 01 micro onws e made u 1nv
pyramnu phate an& lynolothhlnﬁs Ehiq u*:oxmmcnu wa; 1rr1@d uut un 2 - va*t
walca 1*“w0ﬁcd to b@ avathhla, and Wﬂlcn h&d huon qun*aLned on & dlo{
dwilcicnt n proteln, ajthough aﬂsquugw Ln'G&lOrieﬁ;: The livér ?am'i

'greﬁuvea?ﬁo.mlnutcﬁ &ibcr the 1n}9gtL0n of” 1~Lwleuc¢ue, and mmvrc ow&l

pc?iétw (19090000 fyucblon) wer@ uvomared And,resuSpended in sucro&e U?HLLQH;’
m.u }_JT'*]..LC;'L%: obtznnrd on ;fuvthor spl nmlng at J. . ()UL)F vore trea t, c} m m
:,ﬁucro LmquePhogﬁhatr o ‘Lth uEG?Q”“ a)ono mnd then vltn 1y olcc1ia¢n .

in bu@yoacmg3y{y3a; yuinv or i th the' buffoxcu SROT0BE alone; mcdgﬁding

3 ]

to the scheme giveﬁ ih 3 iﬂurc 0a. Thé res it of d5,um6nhuh similor

éxp@riment“wmrevﬂiSéu sed Ln nectlon % 1n conneotjon w1un *abi 24g"ﬁhér§*~

Jysolecithln rcmoVod tho lLyL@ awmtoxn from thc pyronhoqphauemmn‘ciublo -

4
h

Iﬁﬂutioﬂ uf mnoro ommu thhout aiicctlnw the. nunwixptd proﬁ?iﬂo R Aé-waﬂ

polutcd uuL in tndt aaobxong-lyﬂalchthin e unpreﬁicuﬂbLﬁ in Lt% efﬂéqﬁ,i

and~in Ghl , Lpsrlm?nt both JLﬂLd And ﬂoﬂﬁleld protein . have bccn partially__'x

romovod by iLM aotion,'a ’may be sﬁeh‘from.ﬁ&ble‘iﬁ‘ -Itﬁ.@ff@ct Qh‘thé‘

rddLQdCLLVluY ai he llplﬁ and. nan»?tpxﬂ orotuxu of thu pw]lruag hmﬁeveﬁ,;'

.);

is‘muuh‘moré neumf icy wh@ther er nut Lho yOllLu na undorgonm prlor~

R

o treatmpnt wmtn pyrophoaphnto, ly&ﬂleglthln rchVOm ubaut h¢ii Lh@ imbuntjgxtys
of llpld yrotoxn ond 8&~8Q“ of tho uthv ty oi Lr 1 p?d uolv0ﬂn o iravt,

This 1m@11e§ that Lna llpjd prutvzn JOﬁOVPd 1% hLﬂhLy dOth@, nnd t, e e
fspcdific aq thigy can be ga1gul¢teu Lo ﬁe aboui 40 CoPeitte wﬁr'mgy-proteigﬁ*.
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PLGURE 33

Treatuent of microsomal mnelleols with_myrophoaphﬁﬁe

Lo

and Iysolecithin for exneriment described in Table 32

Hicposones (JQ),ﬂQOy LTQGLIOH)

rojuuncndod NRY uucrnﬁ
cand spun gxin

Yoshed microsomes.

AT D e Tz e g Ao T R Ry e A

F ATt s e A IR e s e

Treated with pyrophosphate Preated with sucrose
(FP) in sucrose (ph Zelt) o (pH 7.0
PPeinsoluble pellbtg‘ L ' .uuchQOmw(rhcd pellets
- , e o

. Created with Treated with R Treaiad with

sucrone/gly-gly lJ solecithin - ilysolecithin
in sucrose “lg Ly 1 din sucros c/r1v» Ly
' Vg
rellet A . Pelide B pellot. ¢




CPABLE 32

Mractionation of radioactive microsomes

§

by means of nyrophosphate (PP) and lvysolecithin (LT)

The microsomal pellets were treated according ﬁo'the‘
| scheme outlined ih Vigure 3%. The results are expressed (a) as mg.
protein in the pellet from 100 mg. liver,'(b) as cpm ver nE. drotein,
and (¢) as the product of thesebquanﬁitieﬁo By dividing the Aifference
in (¢) caused by lysolecithin.treatment bjhtﬁe difference in the
amount (a), the specific activity (L) of the waterial removed can be

calculated as shown.

Treatnent Lipid protein : Non=-lioid protein
of pellet lambs.(a) S.A.(b) (a)xz(b)=(c?| ambe(a) S.h, () (@)x(®)=(c)

|

e 2 e o e e A g e

As PPy,then - : ‘ - .
buffered! Q434 515 22% 0,615 13560 960
SUCrose ' ) .

B FRAUROR o 00n 207 2l Qe170 1020 o
Cs BUCTOSE,

‘ { sl 3 16 1 =0
then 11, | CUec0%  15% 31 0.169 94O 150

Material (X):removed by 1ysoiécithin (caleulated)s

X=4h =3B l 0.213  9ho 199 0,435 1810
' {
i
é 0096 8.8 - 0.26 1,8 m :

Ratio X/B
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922223 é‘l)e Tho nenullpéa proLeln, on, Lhc ouhcr haadg 0* hough

\gr@mtly reduced in amuunb by th@ 4 mulﬂ@LihAn treatmontg showe & muchv

"(ineo

leub dramau X PalT 1n mpealfic'activity,‘ The nonwllpld uroteLn royoved

by lyﬂmlvcjhhln pruv<a to have'a spec cific adtivikyvaf apmﬁt 18 10

‘-Jh;175

(.)vt:‘hlab"?’\.-]'{ O R . C T
vuteln. Thus 1yaolaczth1n v‘oioreat... ¥ removoq a highly active fractlon

oi Lhr llpid gyahoxn, of mV?GlflO &bL1v1ty uhout 9 blme 8 that oi uhv

'6)’ that i 1653“fhangtﬁice that of the remaining nonmlipia

\

rﬂﬁldu&; IiPlﬁ protglng where&s the n9n”l?Pid protein removed by 1 TUOJCblthlﬂv
“n&éais?eciiﬁé'égki%i%y.léaggiﬁ&“;£ﬁi?é.$ﬁ?ﬁ 0f thé‘fﬁmﬁining‘ﬂmnrlipid ~
'prétein;: o ' ' ,

Le Tno 1p1d SOIVLnu oxbrv ct of the Tu&wlnﬂoluble re duo,of'liver from

'*§at3 injgutuu 5%ém> mlnutca ﬁrcvxuuulv with 34umgbnieub;n contains
':*]aﬁpf clable dm@ﬂﬁt of radloaaﬁivitV» Tt is unl kcly that uonhammnatlon
wm!h free 1?uolno cong rzbutév'sL&nlchantlJ o this activity, |
'éf ishe"__‘ fe:eaing of e jp:r:‘dta-ir; meal o rots faated for.l8 hours "zﬁ'teq;? ',
' m&inteﬁa£cé on,diets'cgntainins adcduaﬁ@;aﬁounts,of prbﬁéin causes a
*aungiﬁarable iﬁore&“e in the SMACLilé Activity of the "Lipid protein rvlutlve »
to ﬁh@ pco1iia act¢V1ty of Lho nonﬁlnphd probeing -
‘_‘ 5;f The. ieedmun-oi‘i Drotamn meal b6 T iu tod after maintensnce on o
“ﬁ:oteinmdeficignt &ie%ldooa ﬁuﬁ causé such an increose in thelrelaﬂivé'
'Tacﬁiviﬁy of ﬁﬁeilipiﬁ ﬁfotain.n |

4;"The increage dws@rxbod in mar&gr&ph ( ) s not confined to any particulazp:

iwactian:of the chls butvnas;been Qbsprved in the mitochondria, in the
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"hoavy and "light" nmlerosomes ond in the cell sap.
A & h

A

He A% short time-intervals after injection, the greatest uptolke of
Yoo leucine into bBoth Lipid and pon-lipld protein oveurs in the microsomen.
G,  Fractionation of a mlcrosomnl preparsation (containing both "heavy”

: Y . A . ' N b N
and Ylight microsomes) with deoxycholate shows that, in both fasted and

protein=Lfod rata, the greentest uptale, 5 « 20 minotes alter indsetion of
UG, im dnto the lipdd protein of the DUCesoluble fraction (membrane).

Tae Hi-insoluble, non-Lipid froction Fribosomes™), although 1t conteins
soms ectivity, is not po active as the ji',)’\';"»’;‘)mssc:;lu?:la lipid solvent oxtract
{"mewbranous Lipid protein').

7. In protein-fed anlmals, the Lipld protein of both DOCesolulle wund
é;ﬁii)»:-;Ln:.mhﬂ.)},c: fractlions scens Lo Téac:h ite moximun activity about B0-50
minutes efter injection, and to decreonse in ::t(.:t;:i,vi'i;y thereafter. 1In
fapted vats thoe pook wmay come o IL:&.%;’G.L@ l&tam although this is nol vertain.
B, Lysolecithin removes some of bi:l'%;h the Livdd and the none=lipid protvein
Tvom the py1*uphms;;>hai’.enimsuiubl& fraction of microsomss or from vhole
woshed wicrosomes (in the e:s.‘;;ca:s:':i.mén'h described in this section}. She
non=liplid protein removed hnd e specific actlvity nearly twice that of
the remalning non-lipid protein, while the 1ipdd protein removed heod o
apecliic netivity about ¢ timss that of the vemaining lipid protein.

There is thus a highly active fraction in the lipid solvent extrect which

is preferentially solubilised by lysoleclibin.

Talken together, these datn sugpest strongly that the radivactive materisl
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of the I_Lipid solvenlt extract of microsomes ig derived from the nmembrane,
and 1ts sensitivity to variations in dietery conditions recells the known
effect of changes in diet on the endoplasmic reticulum. The finding
that upteke of amino acid into lipid protein is stimulated by s protein

mess wn sl particular interest.
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Chemical nabure of the nitrogen in lipid solvent extracts:

This iﬂvestig&ﬁioh hegan as a study of the nitrogenous ﬁateri&l’wbich
is removed by the aqtipn Qf'the;lijd so\vants used to remove "Lpld frbm
ths Tﬁﬁmprecipiﬁated.résiﬁue of rat livefa It was found: that the 11@1&”
solvent extract‘contain@d~a large quantiﬁy of mitrogen = over 2Qﬁr6£utﬁe_‘
t@tél acid-insoluble nitrogen of liver (Table 3). - It was shownffﬁat verf;A
little, if &ny,-qf this nit%ogan was contributed by nuclelc acid (Pables. 9 -
11}, and yhosphorug estimatiéns»(fﬁble 3) showed thet, even if alllﬁhe
P of the omtraet were: phosphollpnd P; ‘only about lQm of' th $Olvegt&extracﬁ
N could be acuountcd for os ﬁhOuphOleld Ne | (

Further 1nveJthat1on showad Lhct the nitrogenous material was oolubTOU
in a varié%y of organic solvents,(ixbleﬂ 5 and 6), although ‘the cummonlyh
used chloroform/mﬁthanol/ﬁﬁl'poséihly removed sowe other substancé as woll
(Tables 6 and 8), anﬁfwag not; ém@léyed routinely. This wide tolerqngg
_in %olvents suggegts}th&t the4matefial is not identical with some §ther
nitrogenous lipid oomplr 39 wa¢eh havo been reporbcd e,&; a fraction
isoluted from cyﬁdplasmic ﬁﬁmbran@Sfowﬁo Hegaterium by Hunter ct al (1359},
which is goluble in bQJ‘IU' mcLhanol but not in the usual solvents at |
Llower Lempcraturva, or’ a phos nhonroLOJn maoldte& from brain by Hcald (l“bl)g
waich is insoluble in'chicroform/methanol/HOL. It is possible that the
presence of acid is necessary for the extraction of the nitrogenous ﬁaﬁerial
by lipid solvents, since none ﬁa rpmovea from tissvue not treated with

TCA (Table 7).  The results bbtainad with microsomes, however, were
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veriable (Table 8). On one occasion, prior treatment with ICA did not
scem to be necessény for the éxtraction of N by lipld solvents; on another,
-much less N was extracted from microsomes not treated ﬁith TCA than from
TCh-breated residues, but an acidified solvent (chloroform/methanol/HCL)
was no more efficient than neutral solvents in the extraction of N from
the wntreated microsomes.  Where solubllisation occurs, it does so very
rapidly, and longer treatment with the solvent does not increase the
efficiency of the process, Py may be seen in the case of ethanol in

Toble 4 and Figure 7.  Thus the aﬁ stance appears Lo be easily dissolved.
Our studies on the N content of froctions prepared by the dchwidi-
Thanohauser procedure (Teble 12 and Figure 9) gave some indication that

it is also falrly easily degroded by treatient with alkali to a form no
longer precipitable by acid, since il generally appears Lo be éerived from
the acid-soluble supernatant.

Analysis of the amino-N content of an acid hydrolyséte (Table 13) and
paper chromatography of hydrolysed and unhydrolysed portions (Figures 10 - 14)
of solvent extract suprorted the theory that the "Lipid N" consists largely
of protein or polypeptide material. It is possible however that, although
containing amino acids, the material consists not of protein, but merely
of & complex of free amino acids or small peptides with Llipid substances.
duch a complex would, of course, libérate free amino acids in the conditions
used for acid hydrolysis of proteins. It is true that the complex would
need to contain an almost complete range of amino scids in proportions

similax to those of a typical protein, but this would not be impossible,
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and we must consider the question further,

(711

fhe treatment undergone by the Liver howmogenate before it is extracted

3

with lipid solvents includes fairly thorough washing with 10. 76é (Mgure 4),

50 thoat it 1s unlikely that mbch acid-soluble material survives o the

., .

stoce of 1ipld e Lrﬁatxun. It is, however, possible that acld-soluble

compounds such ag amino acids way be bmun@ to some acl -ioscloule material

’

and so remain in the residue.,  If thu mAtew al to which they are bound

is soluble in the lipid solvents, the complex may bhe extracted intact,

i

In ﬁhis ouﬂnocﬁron it may be no»od that Yren (L960) has drewn attention
te the donger of the formution of lipo-amino acid complexes as artefacts.
He bas shown that, in the presence of protein, free amino acids may form
a complex with lipids when exposed to ethanol. In our experiwents,
however, the free avdino ucida were ﬁ@movoa‘hy the TCA washing procedure

before speclmens were treated with lipid solvents, so that exposure to

It
e
=

ethanol e&nﬁot be the reason for the fommtion of any such complexes i
may be present.

Yo have, morcover, some evidence that the amine acids of the lipid
solvent extract are boubd in peptide linkoge, since our cstimation of

the peptide content by the biuret reaction (Table La) indicated that most

of the M.of the extract could be accounted for as peptide=bound N,

The evidence so far is sugpestive of o swmall, protein or polypeptide,
and is strengthened by the finding that vashing with 0,2 volumes of water,
by the prucédawe of Folch, Lees and [loane-Stanley (1957), causes the

material to separate as a white, phosphorusefree mat at the intervhase




'Scyaratcﬂ at the intvrph& s¢ on bre &tmcut by the procedure of Folch et al

rouL split off thu nwptide 180 Ly of". tho ‘complex. &ecpndly Bhe ph
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(rable 6). Th iq pzuu%uuré is desimed to remove brutein fram_li@id
@xtracts,.aﬁd suggeétﬁméﬁfbnglj that our "lipid W" is indeed protein,

It is well kn&mxthdﬁji”éérmnmlbumh}i&sLPQ&M&FWLtnﬁwx it
becomes soluble in etnénol (Levine, 10543 ﬁebro{‘ﬁdrver and. ﬁornery‘lﬂb?}p
and thé_quembion arises whetﬁeﬁ the "Lipdd N" consists of ulbumiﬁ,‘wﬁich
in synthﬁaisgd’iﬁ the liver. . “wtimatea by sebers (1968) and by Gordon
and Uwnphrey (1961) show tha t the Liver cell canfaihg about L mgz. albumin
p@?.g» w@éiwcight, Since A hc i content of the lipid extrsct we have

studied would be equivalent to about 30 mg. protein per g. liver, it

follows that although albuwin moy contribute a small part of the solvent= .

&xtr&ct I, by ixr the larvger fraction rﬁm&ilm unaccounted for,

Qur materiaW thus scems Lo bo some poptlde or plut”ln other ihan

. a1%uwln, but ta;% does not rule uut tnu possibllity that Lt may bo in thgﬁ- 

form of a complex with some llpid pubs tence

One cja"" of such lipidepeptide complexes is that of the rhosphatidoe

'3entidesa 'Thar@“are; howéver several reasons vwhy our material i
Pel =y CEA - N

Unllhtly to bawuﬂm Lo bhim cabﬂﬁory. In the first place, the mat which

A

.(195?) contained moét'of the nitrogen Tut very little of the phosphorus

of the lipid oivcnt ex tvact, and. Lt is unilkuty that such mild treatwent
p }piltxifhcic)-
pepbide prepa rcd from rat lvor by B&Tﬂdb@l and ﬁ(liﬂrL,( Qbi) 1% lngoluhTe N

in aoebune, uthouyh “oluble'in &cid chlorbform/mgthamgl. Thuﬂ thﬁir

waterial is not identiéél_with,oufa, although it may contribute towurds
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the higher figure observed on extraction with acid phlorofnﬂm/mﬁthanwi
(Pables 6 and 8). Similarly, Ledig, Feigenbaum and Mandel (LU81) have
reported that rat livew, after extraction with ethanol/ether and methanol/
chloroform, still containe phosphopeptides, which they describe as having
the characteristics of phosphatidopeptides.  Thus vhosphatidopeptides

are not readily extracted with the lipid solvents we have employed.
Finally, Barnabei and Fervari weport that the N/¥ "“tLo in thelr phosphatidoe
peptide is 2:1. In our sxperiments (Table 3}, the amount of N extracted
was D02 mg. per 100 mg, liver, and the amount of ¥ was 0.12 mg.; conse~
quently the "Lipid N" has ‘oo high a N/F ratio to qualify as o wmo;ghaﬁjdﬁ-
peptide, Horeover, the quantity of phosphorus extracted Qorfesﬁmn&a

to the knovn phospholiyid.content of liver (Weleh, 19458), and little, if
any, of it can coneist of other phosphorus compounds.

Uur chemical investigetions into the nature of the "lipid N" suppgest,
therefore, that it consists of protein or peptide material, probably not
containing phosphorus, althousgh this does not rule out the possibility
that it exlists as a complex with a phosphorus-free lipid. Ior canvenienceg
it will be rveferved to as "Lipid protein”,

Intrecellular distribution of "lipid orotein':

In many investigationg invoiving analysis of the protein of the liver,
attention has been paid only to the lipidefree residue, bub it is. clear
that, lf any protein is removed by exbtrachion with 1lipid solvents, the
extract also merits investigation. This applies especially in studies

on protein synthesis.
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Lu&h oi Lhc recent mark on ﬂfOLLln ynthéaia h&s_@mphaaise& the
imywat&nrﬁ of ﬁho tru@turai aomgonenia of ?ha cell. e have studied .
thﬁ,dis%riﬁuti@nlﬁf thﬁ L1nxg pwatclu vithln the cell cytboplasn in

rel&%icn ﬁa Sﬁfﬂﬁﬁuﬂég T ﬁl&t?&butlﬂﬂ pattern was found to follow.

Lhat o1 Lh@ ghuweha ipid "a%h@ritﬁan'that-uf the none=lipid protein,

.

; -oﬁeiﬁgﬁéiﬂg mosd plﬁnti£u¢ iﬂxbhw Nmmbr¢ﬂﬁuﬁ fractions. of

the ¢e fl (Sé ﬁiun 0 S racti nnuﬁxun mf the microsumas, vhich are
partimular1varieh in meﬁbranéa, by mﬁang of raapcnts Wﬂ&(ﬂ are known:
o s Gl&bl‘i&? mumbraneg, confirmed this indication of th@ membranous

,Qrigin ol bh ipid protein.  Deoxycholate (Vable za} preferentislly

!

:

uf Rﬂﬁ wh&&h iﬁ ﬂﬂiubili%& by d@axymhoiato may represent f~h& which is

*actu&lly parh of th@ moﬁbranog rdhhef than of the vlbusmmﬁf ﬁraaujaa,

A sami‘ar iznd&ﬁw Vias reporte& by'muff, Hogabuﬁm und inlion (39uh}3 and -

e

by ﬂ@OXﬁGﬂO.&ﬁG v@a QbﬂOthd in lJb2 bv t?l““mﬂbh 3 ;nd Ball, anﬁ onr‘

’

foce f»om 11916 prcﬁeln qwreu“ 430h thn thwozy that our ”li
mombr&ﬂaa Llpoproteln. .
ﬁh@ ounvor e &hpr&Qh, che salabljlaathn of the ribosomal &r&nu?e

-ulhhout th@ meﬁbr%ves, can be @ade by mesns of pyfophaa:hatea-“ Ehs dana

u‘emovn“ 1mrﬂ& qu&at¢L:es &i 1¢pid @&ahﬂlu from microsounl pellets, along -
=w1th phusnnollvid (ﬁnuuheﬂfwwmnuumuﬂ component) .  Thoe nonelipid protein,
‘thﬁufh not, tuual Ly unaffﬂuhem, is solubLlisa to & legser extent, and‘ﬁhé'

. NHA im 1 tule af'f agted‘ ‘ A% may be ﬁ0h=d lﬂ @33$ing that the small awount

mora;feﬁa@ﬁly EyrﬂhauVaau éh al (1@@2}5 : maiubnilsaLLan of ;iymﬁwotein -

fin@iﬂg (Bahﬂo 25) Lhe t%o ramq¢n1ﬂ& “ribu“omul”} &ranuiau are v;rtu&lly
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we obtained in %h"’i;ﬂ way (Pable 21) also accord with the theory of the
m@mﬁrénmus nature of the Llipid protein., The RNA and non=lipid protein
ﬁ%e diminished by pyropghosphate treatment, while the lipid protein and
rhospholipid, again acting in parallel, are partially solubilised. It
is Qf toterest that about 304 of the RNA is not solubilised by pyrophomphate,f
mn&'%ﬁah it differs in composition from the 70u which is solubllised.
In this laboratory, Goswami, Barr and funro (1962) have shown that the
smaller fraction, piesumably WA associated with the membrane, containg
no pseﬁéouridylig ﬁci@, whereas the pyrophosphate-soluble fraction contgins
2.2@ Qf @seudauridylic acid., This finding confirms that the differential
actlon of pyrophoé@h&ﬁé is due to its specific effect on a subcellular
structure, rather than to random attack on all the microsomal fA end none
liﬁid,prétein.

Our other atliempts at differential solubilisation of microsomal
préparahionss-using lysolecithin (Table 24) and a bacterial toxin
(Pables 25 and.QG}, gave less clear-cut results, and the effects of these
re&gents are‘léss well documented in the literature than are those of
deoxycholate and pyrophosphate. Nevertheless, the paraliel behaviour
cof lipld protein and phospholipid on the one hand, and of RNA and non-lipid
- protein on the other, were observed in all cases. Heagents vhich attack
the membraﬁaus phospholipld also attack the lipid protein, and those
whiéh attack the ribosomal grenules have no effect on the lipld protein.
Only in the case of ﬁﬁ@ experiment with haemolysin (Table 26) is there

an anomalous resull, in that whereas the other components are solubilised
‘ i 5
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A at all, only by the actlve Lo%zn, thp lipxd pruteln appears to be

'hqolubilmhod‘ 1mp v by the GOﬁ@LLlOﬂd of ‘incubation in Righs-Hinger bilcarbonate :

p ]

<

;;LLVH at- 570 for 1 UI 2 houau,vj In bhl it differs from the ph&spha;
1jpld,'whvon‘1a undi *olv 5; on'tﬁé oﬁh&r hand, even if' the membrane
di 1ntuwvatad-c§mpiftaiﬁ in- such condltlonq, the FhOu holipi@ fraéments
would nut be expo Led to dl uélvé in the agueous solutiuvn, ‘hore the
l-. é ufoteln (or a pep1ld0 or ﬂrot01n moxoty derived from a ilpld prnteln
"com91$3)-mighﬁ wéil'diSsolvehmore readily, Another form of ﬁréatmant'
{*hlch mlghu &ivo 1n$ete%t;né 1esuiis in mLcroaome Lractlonutlon lb jncﬁbatlon
:WIth %NA&: and-it’is hd?éd.ﬁo Carr& quﬁ such an experiment later,:
v“'lﬁ view;§f<ﬁﬁé iMLl&r eun&TusLon@ drawn from four dL{inan mfthod%
1:oi chfmJosl suofr%ctlonaLLon of! mlcrosomeq; the Wolghb of cvidone 4se§med:
‘.Vﬁho aﬁnnedt thc L;Lu;ld sl mpmbranos as the most lnkely source of ﬂ1@<

'lllp d protQLu,...f savison of the amounts of ;rotein, Hlia dnd yhos ijid_

in tho t‘o meghanlgallynueparated wicrosomal fractlona ("heoavy" and "lipht")

at
v

'sahwwed thdt bho @Prcontage of lipid protein and phospholipid in the

1) Was aLouL twice that in the “labht nicrosomes" (Teble 15);

"hhavy microsoues
fhc 1mvllcation, that the “hoav mlcrosomo"" wore richer in membranous

l -
vesicles than the “light n&croﬁomes”9 was confirmed by electron microscopy

i.ui the two fractjona (Figuve 19 and 21). Thus we have yoL another plece

.of @vidunuo thnt uno CVLOpJasmlc meMbrangm are the source of the lipid protein.

T & ondoplabmlg retmculum of the “liver cell is of %o types - rough’
3~ond mmaaths th iormur bulnp much more. plcnbifui. The smooth reticulum

7¥cbnaiatsﬁof‘MGmbranss without rxboaom&l gramules, but probably bontamnlnf

4
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A éﬁﬁil3aﬁ9gnt;”bgrﬁ%ﬁafai;vofvﬁwﬁ (ﬁﬁéﬁvenulggng$}‘1$625, The rough .
cnduﬂia nnc; -t ulum cong .ﬁgvui v< siclaek ’huddédimithksmall dense
‘riﬁénhuiqmprotein‘;;nulw ; thé‘rlbusﬁnmaa lwh&QV@ﬂ@.iﬁ,%% have rgﬁentlynffu

.lshégn that: ta@ mufmranov dﬂﬂ grﬁnu !u.pl‘ bh’ ngfétﬂd, withouﬁgdétérgenﬁl

'-“%xcxtnhnu,'by ulhracenmviingablon, the o es sepnbatim@ 08 a‘pellicleg;g?
 LTha pell ﬁll .wuntaig"QLT the yhUupﬂulLﬂ}U.Ui tﬁé grapar%%ion,”and a

"iinuﬁbe?.qf @nzymes1gharacteriﬁticfuf the menbrane,  1b would be inﬁeresﬁingA

- to-gee wh&ﬁh@r;it alsowcmhtainS‘ﬂl the leid protein.

'ﬁffﬁffﬁct ol diet'on the sonount of 1301d proLejn

Ib has hvun hbﬁnfuy'F&chtt (l oa} anﬁ Wy beruhard and Houil e

:.f;(JOBG) thut the_feticﬁiué rééﬁmnﬂéﬁtb1yari&ﬁionﬁfih die%.’ Both‘groupé
f;af workors?found th&ﬁ,inffaﬁéfsﬁarvedﬂfbr 5 or,ﬁzaﬁyéltha feticuluﬁ'.
f%f&ecrea cd in quauﬁl&y, and th&t rogro&th could. be Qéeh within.ﬁ&-houfa
of Lhe PGGdLnb of d protgln mcal.; LhO caily sbares'of re gfowth-could
r%enséén;ag“}itﬁl@ ag 6 houv. aiter the m@&l. A caﬂbdhydrgte meal did
not p?dﬁudé,ragr&ﬁthp‘.uIt should n@rhaou be said that tho appearance of"
Lllv Ay chLa in ihe cleubron ﬁlgru cope varies: ﬁTO&t y,ﬂandvthat‘éﬁen“

‘aﬁjageﬁﬁ‘ﬁélli may dliiov COﬁSLdLTdbly, 80 Lhat such 3u t on; a8

gl ﬂlMLnluth amount of vp 1cu1um" anﬂ “rcwjowuh of rntmculun" re léct Lhc

»

.&onoral 1mvres¢iun hivrn by a numbar of soctionéa "Th@“problem 1s;maae
’?wo B0 by Lhe iﬁgt tnat the arca soen ;n'the electron miGTDSGOme‘is su"small,
and'Fanett h&s 3&1& (1“raonnl aommuni{ation) thub hv woqu L¢k@ bm wcpeau

his worL pubLlshod an’ 1be uslnn nore modcrn Lechnzqua e shall, however,

' asaum@,ﬁhat, at;least in ouﬁlineg Lh@ x<:ults published.thﬁn are velid,.

:
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since Qur,dwn éiebtrbn.ﬁicrﬁﬁrapl$.ﬁéﬁﬁ ﬁu GOﬁflr@ ghﬂﬁﬁ aﬁd th@jffif‘»
im.w?lil‘lbh our %nalytical untﬁ. | - e ,
Tonate Obtalm—'ﬂi“by Funro Em ) u}ém ( 260} E'*““?F‘i&*.ﬂ'ls _th&l 1 the l;L‘(iat cJO”in
Ql GndopldJMLb PﬂthuJuﬂ upuncd hy nrotoin dv}intxon (huzrd” ﬂrtoﬁ ﬂnﬁ/J :
J.J'}’{’t!’:l.l Cip L';,Jbb) 1)0[,,11“153 dU.k") l'lg, ‘iuh(‘ Il Bt ﬁﬁ,}?(zi i’(&(&f‘ij‘ng a f“ﬁ'-f'()'t‘f:ilﬁ'lv(ieai‘i ¢ i‘(-‘.'ﬁ‘t?{

Gi@t. . ur dato. on the Quﬁ”usLLlQn of the miuw wﬁ&é nnd 00II Bep of. L

rats,faaﬁg@,fbr 18 hours (tuble 20) JndLaaLo thnt th@ f? anﬂ of . mwal 5';ig%

';of casein 6o such Ilmtod rats mﬂy Lmaa La a siight but consis Lent lncyrrééf;"
in thé lipid n;nbﬂan conu&nt of. the micros &mﬁé;Vﬂnﬂ mfébfrcsﬁwnﬁiﬁgideﬁggagé1;
;in thﬂﬁ'@f.th@ oelllﬂﬁp.__?ﬁiném.thﬁiwraﬁuaﬁ&:mf bﬁ&gkdé%ﬁvmf'%h@»%&tié&iu%,if
&u%ing fngt@ngf@fé“gﬁ&ﬁ&hiy bQ hé fuuun 1n the tﬁll uan, thxa 11nm;n&

‘ﬂﬁggééts’a‘cunn&ﬁtLan.beL;eun &au‘71ﬁld yroﬁﬂjﬂ\ﬂﬂd thw:ondOgLusmLu rfLiﬁulﬁm.

Further @Xt lments wore c&rrimd Qut un tho‘c!faut o pru oln ﬁﬁMLanhx

t&on {F bl@ 2u) jn vhimh the mandﬁtimnu uﬁwd wwra|hjro clm ul} uomﬂ*vabla o
- VLLH those uaud by ramawit anﬁ by ﬁurnhﬁ?d und huuillﬁr - In&ﬁthQJVth§ﬂ1a5

?ratg wer&~5t&rv@d faﬂ ) days,)and klllcd ﬂithcr fog tinn Jr nj ar'u yiubojn

~meul. . In oone case the liver'wns'revovad 14 nau's‘aIL@r the nrotﬁln moal,

-and in‘thm other uaﬂé 6 hours mftmﬁ'thﬁ memléf"'Ummﬁ&riﬁan-wf'the l;:id

gruce:n ountunb ui Gh? ml@rﬁddﬂfd ffém“thg 1ivér Ofvtﬁﬂ'ﬂrﬁﬁ&iﬁwf@d rutm

< wlth the conteng in: ihw fasted. rxt BhuWﬂ thu ai hoth Lime 1nuofvelq he |

'

;‘rutelr nmeal hog caused on inufaa&n iu m:uroaomai ilhid protnmn.{l iha_'y
.;ivar ol ﬁha_ﬁaﬁ xill‘c.ﬁ hours ﬂfttr'th@ ma@l)wgs‘exgminegAxhlﬁﬁm{élactigﬁgiiﬁ
xwimrqsaéﬁe {?iﬁﬁre ’&), ol ahmwn sagnx ‘off roé»néréti&nzﬁfzéﬁééplméﬁié;55
"reficulum; while the fﬂ&tﬁﬂ.fat“(ﬁigura‘ﬁé) uv*éé;u Lu h Vﬂvuﬂhﬁ bnan th&

C B
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normal'amoént df_?éﬁibulums> .Thus 6h¢é‘agaip'dhéng§s_i§ %ﬁgilipiéApfbﬁgin
gmnﬁéﬂt.meem té féfiéc% 0huu£w$‘in;thé'amouﬁ%faf éﬁéa@i&amicvgétiéélumo“
The next gbép‘waﬂ $o sdbdmvzde ﬁho macru SOME fr&cﬁioh‘by'cn@miédi

diéin{égraﬁién;‘in orﬂer(to BEE wauthcr the ef1eotu of protein f@édiﬁgz
on‘ﬁhe lﬂpid;pfotcin ware'confinc&.taiﬁhg membran@ fr&ctian.) fﬁf the
Zl;:i.pid j;>x‘01-;€:inl in inc'l.eef.{' 5 'c:omponen’a of the reticulun, ‘i’luctua;ain‘g in amount

4ﬁii%‘§iu'“ Ty mam63u1on15 anﬁ 14 it as ﬂeparubla f'rom Uil  h.“m1ipi&Apr6téin ’
of the microsomes: by chemical frentment , LL ouﬂhh Lo be yoqqlbLe to obtain
o dictary affect vhich is céni tned LD Lhe-apprauflnta chenJo L ot 1on of
the, mi.c::éo&sém@’s. An experiment of this by pe Wa.s pe i‘ormc*d s usins Py xOm,
hubph&bc to 1Idctlunagé the miuro somes of rats Whlch had bcen storved

;for 5 days and killed Qither,f&sting'or'E houré'dfter.élproﬁoin;yéglrm

‘ﬁﬁ vies anbmcrp& th@iigcreag¢ infmicrémcmal prdtein“prcduced by thé,
’prutoln meal (Ttblo 28) io ﬁﬁnfinéd to the pyrophu ph&tcwlndulﬁbjﬁ residue,
iae;"theﬁm@mbranous fréetimn. the soluble fra@hxcn (the rxhuzéhal}grénules)
shows ﬂo'inéreaseir'tThu 1@ ?iptd protein repre ents & OhGMLLd y and.

'nmtahoiically di tincb irautlon of’ the microsomasa

fividence obtained by‘Muhro amd ulark (LQGQ) on the effect of o pﬂotpln~‘

ﬂefipient diet on khé mebabo iem 1NA in Lho 1¢vcr sugpests that Huws -
af éﬁﬁopia sii.o rvtloulum mny he producca by protein def1cLenvy a5 well 28
by complctc &tarvsbion,' e therefore cafrlc& out a scries of bmpcrlmcnh
(febles 18 and. 19) in‘whloh rats vore nﬂlntalned Tox 11 dvys Un dlcta of
diitorant pretezﬁ and ealor¢c coutentb, @ix ﬂhntﬂ Jn &1l¢ Alt@mugh‘we

ahuaxncd vadcnce thut gmutoxn dOQthlon aver such n pt,riod9 esoeciolly
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'When céﬁbiﬁed'ﬁith;Calérie‘deficiehcy,.noﬁ'surprisingly‘Jcads ta a fall..
fln tho nmount of dll tho uonatltuent Jtlmatcd in the liver, Lhe percentage‘

3 L

H‘ GOmpOuLtloi oi Lhe llvcr GQJL and oi Lhe 1ndlvjdua1 oeli fractmons does
‘Anﬁt gﬁﬁ@ar'to chango..T Lh&b 15, aLthough the amount of lipid prote¢n
:“vxa &imJni hed durlnu vuch prate;n depTetion, the nonmllnld protein and
oLhov ce‘l cnn&t'“uenta are reaucod in propavt:on, ~there is no Sp@cific‘
"los& of any,pﬂ‘th@fqbnstiﬁuéﬂﬁs és%imaﬁed, An excegﬁion is DNA, whichl
:€rcﬁannu uunstant, &1nce, presumahly, ﬁh@ iber of cells in the livervjt

is nmt fcduceﬂ. \ Et follow that, if there is a reduotion in the microgomes .-

5‘-1
R

duran pvoteln dcpletlwn, the oomp!ote atructurel unit is lost, and not
”mercwy a fractlon. Thls aLree with the observatlon that there is Lttle

dliicronue 1n Lhe 8DPC&TAHCL (as dlﬁtmnct from the amount} of the rough

o endopiasm¢ retlculum (blgureu 16 a0 17), or of the microsomal pP170L5

“‘(Figures~19ge;22)5 1n_aﬂequatelymfed and proteinsdeficient rats. - This
 3f1nding may he QOmpared wlth those of Table 20, which nhowcd that ﬁh@
lipld prot01a,-and pos¢1bly the ﬁhOmQhOllplﬂg were upeclfmcally 1ncroased
“duving the rcgoneratlon of endop&agmlc reticulum caused by the feeding'l
of x proteln meal.to starved animals, The‘reason for the differénc@

i

beﬁweén"ﬁhisfsﬁégific effect and the nohpspéqific effeqt of the logs of -

fétiuuiaﬁ isfprébdbly tﬁéﬂvthetregénqutihg reticulun vunsists iniﬁi&lly‘
o mcmhréﬁ®$ mithuut gr&nuluu, as was shown by Fawoett (1955). Iﬁ.wauid
thereforo bo expacteﬁ +to ho es peciglly rich in pﬁospholipid, and in.lipidl

:protcln 1f thl s a:memhranous component.  When reticulum disintegrates, hu

-however, all compcnents wall be lost slmultancoualy.




In view of these indications that, the émoﬁnt éf“iipid gruteiﬁ vn%iéé
with changes in the endoplasmic reticulum, it wouid,be of inhéreﬂt'fqt
study the relationshlp between lipid protein aﬁafthe reticulum iﬁ malignaﬁ?:
sells. Certain types of fastwegrowing hepatoms tissue hgva,beeﬁ éhown_
tu“laqk reticulum (Howatson and Ham, 1955 Novikuff9:195?), and itwaulé I

be interesting to investigate their content of lipid yrotein.

Hetabolic role of the livid proteins

Finally, we considered tﬁe possible metabolic role of our lipid
protein,-particularl& in protein syntheais. The idea that the micwo&omal:,_
mewbrane may play & pard in protein synthesls is not o new one, and the
Introduction contained a discussion of some of the @viden§e for its rgie
in the synthesis and secretion of proteins. Theré is also o large bo&y“J
of evidence of the capaclty of lipias to form complexes with amino acids,
and this also was. discussed earlier.

OQur own evidence shows, firstly, that there is a considerable upﬁéke
of intravenously injected radioactive leucine into the Lipld solvent extrac%9\>
of liver over the time ronge 5«60 minutes after injection (Tables 27 and 31).
Since the lipid solvenﬁs are used immediately afﬁer the third acid wash
with TCA, we must consider the possibility that the 1ipid solvent cxtract
e Biupay contaminated!with free radioactive amino ecid. the amount "of
free amino acid cannot be very great, since paper chromatography ol the
uphydrolysed extract (Figures 11 and 14) failed to detect any ﬁface of
~even the most abundent amino acids.  Although ﬁap@r chromatography is

fadrly sensitive, however, radiocsctivity measurements are more sensitive

1
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nbild, ag&\a'VGry-small aitount of free‘leucine pr@séﬁt in the extract
could lead to large errors. v E0r reasons diﬁcuﬁﬂéd»in ilection VI,
however, it is unlikely that there is sericus conbamination of the extroct.
It has not yet been shown that the'radioaétivé”leuciﬁc in the 1ipid
extract is actually bound to the "lipid proﬁein”a Attenpts to fraectionate
the 1ipid solvent excraot by p&pﬁl oioctTOpnuv egls were unsuccessiul.
They did, howevera furnish more evxdance that {the acﬁlvity of the extract
g not due bo ccniamlnatJng &mxﬁc ac&d, since almost all of the radwo~
ﬂQtLVJty ram&inﬂ& at the origin Lnlaanditzon“ in which free amino acids
would move on the paper. 'kbsgibly the appliuution of the Folch waters
washing procedure for the prbrltlon of llulfs and protein would yicld
further infarmation on the binding of the xileeucine. |
ie had éiremdy shown fhaﬁ Lipida prqtéiﬂ:@ﬁs influ@héed by voariations
in diet, and now yroceeded to mtudyftho effect of such variations on-thé
upteake of 14O~leumin@ by Lhe leid golvvnt extract mf uholu Liver. -QOur
experiments on rats fasted OVGrnL&ht aftcy malntenance on adequate or
protein-deficlent diets fﬁr‘ﬁ days iﬂdi@aﬁéd that thetupt&k@-cf leucing
by the extract.waa senaifive’hoth to lqﬁg-fefm dietarj conditiuns oncd
to ﬂhwrtwtﬁrm'faﬁﬁing‘ﬁnd remfeé@ing withﬁpyat@iﬁﬁ' Adoqu*toly nowrished
rats, viitedh preswnably buyln to lose endoplasmic rebiculua uufmn& the

18 hours' fast, Mhaw a wtin .ulation of uptake jntﬂ the lipid ir&btiﬁﬂ b

hours after a protein mesl (Table 97) which no doubt reflects a rewsynthesis

of reticulum., Rats depleted of protein (Table 28), however, do not show

such a response to a protein meal,  The lipid extract of the proteine
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deficient rats does take up Moaleucine, but vhere appears to be ﬁo
differenﬂe‘hetwean the faated'&nd.thﬁ proteinefed animals in the uptake
in the solvent extract relative to that in the non«iipid protein. I%
may be that during prolonged protein depletion the endoplasmic r@ticulum:
is reduced or modified so that it cannot immediately reapond to a prbtcin
meal in the mﬁnn@r of the normal pat. Alternatively, the process wherchy
the nucleus controls the assenbly of amino acids (e.g. the productiqn“of
“meﬁﬂengef GNA"Y mey be disturbed, The appearance of the mucleolus is
greatly altered during pfotein deficiency.

In these experiments we have shown a specific stimulation of omino
acid uptake in the lipid fraction in response to & protein menl. This
is of particular interest since the addition of amino-acids to the medium
doos ot stimalate the uptake of radivactive amino ecid in the non~-lipid
protein of liver tissue slices (Munvo, ﬁersonml cammqnicaﬁion}, and in
effect the feeding of a proteln meal is equivalent to the addition of
amino acids. The finding that there is a specific increase in the uptake
of amino acld into the lipid fr&ction.ﬂuggeﬁts that the membranes of the
cell may be an important factor in the prééesﬁ of protein synthuais;
Whether or not membrane-irec riﬁdsom@s {prepared by deoxycholate treatment)
can incorporate amino eclds is noh certain, but evidence obtained by
Korner (1959) suggests ﬁhat they cany slthough ﬂot so much as the intact
microsomes. Yalade and Sickevitz (1956) earlier were unable to obtain
any incorporation with such particles; Thug the ability of isuloted

ribosoml granules, of’ thé liver at least; to incorporete amine acids is




A,1 ,3ﬁthan that of Lnu’wnula (pranulu %‘maMbran@)’fraétiwn, - Our own’y”
"fevjdenmo ObL&lﬂLd irom ir@vtuonahlon Lﬁporlmbnus thh dooxycnulatc o?
i;wa&h LYSO1OCLLh1n mﬁg&estg ‘that +hc upbuke 1s- autu&lly grcmhest in. Lhe}
5&moﬁb}amou %utlon at the t;mw intOdelﬂ studled. LT the rLbo Jeltiict:]

fare‘the pr;mary‘bindingfsite in\ﬁhe microsomes of amino acids (or 1A

”-2;boﬁnd”aminoladids)gfthey’wbul&‘be expected to have very high activity.

It‘iﬁftru that a large part of the ribosomal protezu dg robably structﬁfal;:
and may aerve‘to ﬁlLuLu the qaanmtj of a small prOportLon.whlch is active
in blnd$nw &MLHD écldq, ,ZNevertheless, as was shown in Ptable 27, th@‘DOG-
A inbu1ub]e fractlun of thc mmurosamé contaiﬁﬁ only about 27 of the ﬁmﬁél:
protcln (1191& and ronm31p1d)~$f the mzcxoaomva, presumably the Db;msolublo
,(mombranous) fr&cblon, Wthh conta;ng the remainiﬁw 630, is also li&b&e.'
o cantaln & prbyortlon of mct¢bol¢gally inert pnotcln, yet its %pﬁ@&fi
” ‘aoL1viLy is prcater “thsn thaﬁ of the DOC~insoluble fraction (Pable 30).

Dur thc Lntervala ln mabio 30 are slightly d;fferent f'rom those

‘ancsbaﬁated by thtloflold et al (1900), who mcasured Lhe amino dold

mlnutes uiter 1naectton ag well as B0 mlnutﬁﬂ

'our- Wi data ubtaineﬂ by Lho use. of! dooyyoholuoo (Dablc 50 and Iigure 5?)

-“hlttTeiLGWG ot al ektracted thelir &bﬁdwprablglt&LPa nicrosomes with lipid

u01V01ts, and mea urod the radloactLVLty oi tho 1pldafrce fraction onmyo
,Over the>timeifange;inwwhich aompafison is passibl@-(lbaza minutes),,théir

Pinﬂ:ngs ure 1n substanthl agrocment w1bh our own date fop nOhmllpLd .

protein," Thc upcaiflc actlvity o{ the DG w=soluble fraetﬂen increases,

TNyt Sy . -




FIGURE 36
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TIME IN MINUTES
. Incorporation in vivo of a small dose of leucine-CH into the two
components of the microsomes and into the spluble protein of the cell. 0.16 umole
of pL-leucine-C', 1.8 X 107 ¢.p.m. per mg., in 0.5 ml. of isotonic¢ saline was injected
intravenously at zero time into a 270 gm. rut. ‘The per eent RNA by weight of each
deoxycholate-insoluble sample is indieated. The per cent RNA averaged 2.1 in the

deoxycholate-soluble fractions of the microsomes and 1.7 in the soluble fractions of
the cell.
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whxia That of the DDOuinao3uva f:aotxon falls,. or rises more slowly.

. By tak¢np 5 mnnuten‘lu Lh@ fml,t time iﬂterval, w@ naye\m3339d the'mﬂxima;
?QGblVlLJ 1n the DﬂbmlnqoLublm iractmon. - In both iiytlefield;s experimenmaﬁ
and, ours, the speémfzc u@tlvity of the‘proLeln of the DOb»solublc (m0MDrane)

1racu10n 10 m:nutes af%ov Lnjuction vqu&l; Lhut of thc Di-insoluble (rihosame)

fraotlonu" Boioro this tlmu, the dﬂta of blhtlﬁflelﬂ Pt al show tnat the o
rilosoms yrotoLn thlblb ‘preatér4&0tiVity5“'thus'&t:5 minutes its activity

is l.aG tiines thot of the nonpl phe ptotGLH-QfItHQ-Meﬁb;ane at 10 minutes.

Lur own ddha, hOWLVGr; ghow that the nctivtty of the Llipid protein.of the .
mexnbrane 5 mlnut@s aftor 1ngectlon is 1.68 tlmQ that of the nonﬁlipld

vprotain of the mCmbrano at 10 mlnutes. ?*"hu Sy evéh ét‘ear»y timeminiervalsr

(5 minutga),'whon the mﬂGClilC actlvmt§ oi the Dﬂbmnngoiub e nonalipid |
proﬁeinlln Littlefield's‘experim@nts is~ataits'maximum, its activity_doéﬂ
not exceed ﬁhat«cfnhhé_D‘ﬂwﬁﬁlﬁbie <ipid hrotcnn.,

Since our rlrat “bime ;n&vrv&l (5 mmnute 8) wa. -labor than that used by

Jlﬁtloficjd et al (? Ov k4] mlnutou) it“is‘poasible that the fraction showing

Lhe hlgﬁcst autxvmuy at 5 mlnutos An uur LTvCercntq (the 1ipid extract

oi' the DGOMQoldblc fractlon oi maoroaonms) doe not represen$ the original

's1te of amlﬂo acld umtakegs J; may, héwever, oontaln a precursor of the
active mabcrlai in. tho nmngllpld frUCuLQH, ;Lﬁoc the act1v1ty of tho 1ébte¢
Lenﬁs to. risec, while the lipl@ ?ractlon aotmvﬂty falls, Study of the
actlvity of the vavious fraotaen Lduflﬂv‘thb fivet few‘minutes.might throw
wore light on th@ rclationshmns Among . Lhom,

»

Minally, it is niercstlnw to con$1dvr in Lne light of these findings
J : ng



FIGURE 37
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Exchangeable
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(1) Protein is synthesized at an interface between a lipo-
protein membrane and a ribonucleoprotein fllm, (2) Awmino-acid
preferentially approaches the interface from the lipoprotein
membrane side, either fromm the outside or inside of the cell,
(3) Amino-acid from the interior pool could approach from the
RN A side utilizing S-RNA reactions, RNP = ribonucleoprotein
or ribosome; S-RNA = soluble ribonucleic acid. Cytoplasmic
membrane is to be representative of any cell membrane such as

endoplasmic reticulum or nuclear membrane

(Hendler, 1962)
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£ &Qhem& récenfly p§gposé& by ﬁ&nﬁlér'(lQGQ)'pﬁaviding‘@ role for %ﬁe
pembrane in the synthesis of %féfaiﬁs;’~ A diagrem off {this scheme is
shown in Figure 37, Wﬁomé=such mechanism might explein the high uptake
we have chserved in the Lipid fraction of the microsomal membrone, as
well as the widelymrecggniﬁadAupﬁake of ewmino acids by the ribosones.
As was pointed out in the inﬁrméuatian, there may be more than one way

of vransferring amino acids to the ribosomnes.
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Ghﬁmiual»ﬂuturﬁ uP Lhe niuTD{FM in- ilﬁidi 4wv5nt oxLrocts s

L. It has b@dn-ghuwn»that traatmenﬁ uf'Tﬂﬁwyr&ciﬁitatoé el or mousc
Tiver vesidue with, certain m>i vents s @d Lo extract lipids Leads to the
muiubL?lﬁaulun of mULo Ln!n ?0 uf iﬁs”tdtﬁl awwdumn soluble nibrogen,

£

Unky about lq¢;§f3thia Eia&n;bﬁ aﬁq@gﬂté&.i@? as yhmsﬁholimiﬁ XN
‘:énj'Th@ nitrugﬁgéggtmuﬁéyi&i (“Jiﬁid'ﬁ"} iﬁ ﬁolubl%'in & Qariety of -
sélvents e.é;»a ‘cane o?‘ethﬁnal.a£200;“§nd ctbunmlfuhlorofarm o
»;chiuwujmfwyﬁthanul/db (EQG:iOO;ljfjhﬁ ymbm teﬁpezﬁﬁuve,  Phe loste
mentioned. ol*ﬁnt PO““lblﬁtdiSSOlV&ﬁ nore m&teri&l:th&n the vthers, but

it is not known Lf Lh& ERCABS lﬂ dL‘JOP(nt in naturo The presence off

acid nay be a (uthT in the exL-ictloﬂ i’ nitrouenous material¢ Longer

“timmﬁ ol chwu@uyo LQ the untxnnfﬂi eLhunuL at 0¥ (up to 924 hours) do not

1

lead to grcator lu,seco

o

Fo a'!x't wWan o uhO\’\’ﬂ Lh»-.\t: thC’ ”’:‘.A.i .

S oonba1n? nn{?¢*1b1o amonnts of nucleie

aoid.
4. The material appears to be more susceptible to the actilon of 1N alkald

atfﬁ?§athan thé‘ ovcrﬂur" orouﬁén of the Tzvcv cell,  Huch Ljfwtm*nb
ibx-lﬁ‘hoﬁfﬂ GnVJaﬁly rmdumca 1t Lo frogments no longer precipitable by
J@g,ﬂﬂﬂ 8t 0o,

5o D:L:mﬂgiun by bhﬁ ntﬁhydxln re*ctiéh'nf the &minu}nihragﬁn.aonﬁﬁnﬁ
Ql a hydro1yqath o1’ Lﬁo solventrcxtract indicetes that almost all the
‘@iﬁrag&ﬂ Qf}th@ “xtvagt can bo nccuuﬂt xd for as aminp‘mityagem,

8o - vaper CHTOFJbO§Tﬂphy oi' the hinOLYJ te “o als that tho extruct




_b@ntains a'w&deirangé-of'aminp-aaxﬁsp probsbly sulficient in quantity to

b

,iacabua 1ur QLJ ﬁhé4301vent'nitrqgen9,anﬂ having the appearance of the

"3

: sawna &CLJ Lonuvni of L'tyﬁiﬁal ﬁ*ut in aydrolysate. A ahromatograﬁ"uf
gﬁ,ﬁﬁhyé%@liﬁyd QaaUL@ vies blank W?LOPL for one small feint s spoty probably
A:T“ruLdO »f'ﬂ :vff‘,f o C ..
7a |f 56 ﬁat1un uf the unaydroTyaed extract by a quantitative form of
-th@iﬁigr§t regctian showed thot nearly all its nitrosen is pepbideshound.
o washiﬁy Lhc X Lalotod material, digsolved in chloroforn/methanol ,
Koleh, &en; and u1oﬂnbmhtanﬂcy \.ﬁh?} for the scparsbion of proteins and
fL'i':s.}ffi.;{i:-}, J.emf 5 ’w. the . =m' cration c;f o wmto miat at mc, interphose. “he
it contains almasﬁ all the noa-phosholipid nitrogen ol the extract, hut
f%ﬁé’phu&?hufu ”ron;Lu in the Ofgﬁniénphaﬁé;

The Ia‘fl"ik“f_lgldl is therefore. mwoll to he o non-chosphorus-conbainin

¥

nrotﬁln, hur is “ra?nhLV not QIEUMLnn

Lﬁtwrcellu18ﬁ dlstrzhutlou.

e . U&ll«fr&btimnatiax studies g h@w thub all four eybtoplasmic fractions
inves Linato' (m' ochondiria, ”he&vyV.and‘lighﬁ" microsoncs, and cell sap)

¥

contein’ some ”llﬂrd yroth1n"; bt that LLQ distribution is not uniform,
The mitochanﬂti& and mio$baomes contain'mmre than the cell sap, and the
”"ﬁaﬁVy miﬁro&ome " wmore than the ”7ighb microsoms Thésa are the
@wmbranou Tramtiens, and,it hés been shown by clectron microgcopy that
by

the "h@mwy,miaruﬂomus"‘are richer in membranous vesicler than the "limht

-microgowes"s  The distribution of "lipid nrotein® follows that of the




he "1 lipid prodein™ way therefore -be a component of the (‘:yi;c:xplazgzru,g”f“

“menbranes or em&opl& smic retloulum. ©

“f @Gﬁ~uf dicts

"y

P .
Pty

16 V&rmatman& in the level uf pfﬁt@iﬂ or dalovie intake over 1l(ﬁﬁyg‘&i@

nat.?rmduue any peciile decreans - Uﬁjﬁhé»ﬁﬁﬁﬁnﬁ'ﬁf "lipid protein™ of the

whole Uﬁll» or of any wvtopl winde fr ctlan A frﬁwiﬁ;;?a%sa: protein

.

deficiency did 1@@& to & dpﬁfﬂo e ln uLL thg eaLl manatjtnentn <b%iméke&§

ﬁxﬁﬁ@ﬁ ﬁwﬁ, bhut the GwC(ﬂﬁﬂgQ camnu lﬁnan‘wa unaltgfjd; Hileotron

microgcope studies of the livers OJ uh@ﬂ@.rata showed that the EBdupl‘“MTQ

r@ticulum aia 0ok seon tm bc altmrwﬂ &n,&yyvzrauéé ‘jﬂlf_th@'éndoplasmia

'eLLculum 18 dc@rﬂasad.by pro%vin de niton, tnm truutur&l units must

be lost as o wgoi&p 1bﬁvmemb$amea.ntu :xgn;ﬁm&mfe

R

3i,1 o Hates gived s :uumu ’ai%mwf;:,:sti..na.

3 Lgh{, ¥ OOTE ;L.Lm d vr:te in }Ln me ‘nl@l"(}‘ﬂ@nl’“g 4 emr‘l

L

call sup, Bl rwbs also ia&ﬁmd hua nat yqun a pthain m@e.;’ 1ﬁuring’w7

himv the Onﬁqu&%MLG Le%muuhnm.bw@a?ﬁ

i

this PrOCEss . Thum 1t apIQva uhﬁﬁ Uha 1.3

m&y béip&rt of tne Vﬁtﬂcui&ﬁ, and tha& mf t

3ﬁu&ucb@ of Ln@ vet ienlum* o ”f&’}
i .. -

TE. A g Lfor 1avreaso in Lna L‘jd )rmhvin bguﬁgnt mi the m rﬂkﬂmbm L a8
% ¥

nobed 1

for b




« 150

starved but not given a protein meal.
A1l these findings sugrested o reletionship betvieen the lipid protein
and the endoplasmic reticulum,

Chemical fractionation of microsomes:

5

1de TFractionation of microsomsl pellets by means of syrophosphate, vhich
solubilises ribosomal granules whilc leaving the membranes intact, reduced
the iNA and non-lipid protein content of tne wicrosomes without affecting
their lipid protein or phospholipid content.

14, This pyrophosphute fractionation technigue was applied to microsomes
from rats starved for 5 days as in (12) and killed either fasting or

2 hours after a protein maa It was found thot the increase in lipild
protein produced by the protein meal was confined to the pyrophosphate=
insovluble fraction of the microsomes.

13. The converse treatment with deoxycholate, whnich removes the membranes
but not the ribosomal gramiles, led to preferentisl solubilisation of

the Lipid protein, although sowe non-lipld protein wasiﬂlsm removed.

The residual "ribosomes' were apparently fairly nure, since they contained

48 of KNa, and contained very Little lipid protein.

16. Lysolecithin was less satisfactory os a meaps of fractionating microsomes,

as it wap inconsistent in its effeet on the non~lipld protein. On one
occasion it did remove some lipid protein from a pyrephosphate-insoluble
residue of mluro»omca, without affecting the non-lipid protein.

17. A toxin prepared form Itaph. aureus wirich was known to bhe capable of

lysing red cells was tested for its effect on microsomes. It was inactive




L

olubLll sed uhe non-woibrapou uomuonentu o{ Lho mluro omﬂs, the'ﬁﬁa P

and nunwlinld m:'aLejna but nct thc jhO phollpjd.:, Tt dld remove some - .
of Lhé ani& Dro einp hut LL Was dlsoovcrvd that tﬁe 1i id.pﬁotein; N
,uonucnt oi Lhe pelict {GLL Jubt as much durinw naubﬁﬁ¢0n wlth 1nacu1vaicd
:baﬂinn 01 even WLth ﬁhc Lneub3%10n'nﬂdLum aWUne°:, Fho 31pid proteln.thuu::
”ﬁeemedkﬁo be'paftixily solubl iuﬁd by 1ncubat¢on nt d?“uln bl‘ﬁ&bOﬂdLC
buffér;' It is not kn@wn whother thlq wes duc to chcmical brwamdown of

“the complex, but 1t seems mur llk@ly ihnt tho mvmbr&n@ dlalntcfraﬁ@ﬁ o

& wholea “ho yho&pholtpL@ woulﬁ noL ho eapoctod tu d ' élve in the

agueous mnélumu ‘ :«il ' ;‘,;; qrig

Thus Lhc resul o obtﬁined bﬁichémigal frautioﬁatian'of,micrds@mes~

algo ug est fhat the liplﬁ protel s a:cummon nL of the MLQPDQOWQJ meMb zace'

‘a

‘etﬁbcllb rolc oi llh1d proholn.

.

18, thle curr1cd ouL on r&ts 1nJecLed 1nt enous ly meh Lo hnlouojno
%hmwaﬂ that the ﬁmpid'sulvent,extract of ﬁhe liver from,ﬁhGO'minuteé ,, =

Latcr conLaand con 1durab1cfamountg o£ ra&:oact1vity, mnluh wvrv nrabib y

not due to coatamlnntlcn w1th Ireo.amlno acid. ) 5“, T

19, Th@ ubtak@lbf rudio«leucine*in:the lipid so1veit oxtraat, rnlalee

to that in Lhe nanullpld prote&ng was unlmulntcd in rat% fagted ovewnlght
by the faed¢ng of a pratazn maal.

T

20, }hla atiumlablnp efieut oi & prmtﬁLn ma al wes nut obsorvcd 1n r&tg

which had been depleted oi protOLn by mdxntonanoo on. & protein@free &ietﬁf
for 6 d&yﬁ;" These rots snowe@ﬁ51gng ot protein d@figienmy9 such ag &

)
s




=1.58m

preatLv enlarged nucleolus, and this mey refloct o diaturbnuce in the
mechanlsm controlling the produ&tlun of RNA. Although even longer
, pefiods-of protein deflclency did not p@oduce any very msrked change in
the appearance of the endoplasmic rebiculum, it may nonetheless have
been wmodlifiéd by protein deplctzon, 50 Lhat 1t is no longer able to
respond to the protein meal.
2l. In adequately nouvrished rats, the increase in the activity of the
Lipid solwvent extract relative to that of the non=lipld protein, waich
occurs in response to a protein wmeal, wan seen in all the cytoplaswic
fraotionso
2%. The uptake .of L4Gulcucine was highest in the microsomes, and was
particularly high in the Lipid solvent extract of the DOCesoluble frection
(i.e. of the membrane)., ‘The activity reached its highest level about
20-30 minmites after the injection of the leucine.
23. Turther evidence that”thm lipid extract of the membrane is highly
lobelled comes from an exp@rim@nt-in which a microsomal pellel, freed
of soﬁ@ of its non-lipid protein and KNA by pyrophosphate trcaumoﬁ Ly, was
then treated with lysolecithinn The lysolecithin removed some of both
the lipid protein and the nonilipi& protein, but the ratio of the activity
of the material removed- to ihat oi “the materlﬂl rewailning in the uelle
wo.s very mwuch higher in the lipid;proteiﬁ,phan in the non=lipid protein.

- Our evidenco thereféra suggésts that the nonsphospholipid nitrogenous .
maberial removed b& a number af-organic»gmlventsifrom 2 TCA~trented

residue of liver is prohub Ly protein. or pol ypaptido in nature and contains




'

1o phosphorus, that it is derived from the endeplasmic reticulum, that

1t is specifically sensitive %o stavvotion and to re-feeding with protein,

and thet it is sagociated with a highly rediotctive fraction in the

microgomal membrane from H-30 minutes after intravenous injection of

14 . :
Celouoing.
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Smné aéﬁéctﬁ qx.the snalysis of nuclelce aclds in liver
In p&ft ITA of 4he "Hosults® seetion, it was noted that cetimates.
Tuf'the DNﬁ.éoniént of -Liver obteined by the Behneider LCA extraction“
method were much lower than those cbtajnod by the Jchwldi-The nrhauser
alkaline digestion wethod (see Table 11). Ia view of this apparent -
inefficlency éf 30Ajas a DNA eitractant, in the condit%ona we had used;
e carried out a utudy on Eho relative cfflclency of' nbﬁ extracéian'of

nucielc aci&g'at difibrenﬁ,concentrutioly and temnerﬁtures; the cosults

of which are glven in Table 85 and in Figuve 38: Values obtained by
ﬁh&'ﬁchmidtafhanﬂha ser procedure were used ssa stendard of reference.

.

ginde the acldmaoLuble fraction of the Gehmidt-Thannhauser digest includes

3
'”fph0$nhoruqmconta1nlng comtaminants (Hutchiaon et al, 1956), ite i content
is slightly hlwher than the HN;&i’Vd]Uﬂ given by the ovc¢n§1 reachion.
The ? Qéhﬁént of the acidwing oTuble residue agrees well with the.ﬂNA#F”
Afwgura ob*winod by thc Cerdiottl mvthad, By comparison.wi%h these
“uchmldtaThunnhauser values, the recovery of RNA by iCA extraction at
different cbnc@ntrationsvénd temper&tureg is quite efficlent; indeed,
thevvélﬁem aﬁ higher temperatures are too high, presumnably because of
'degradatiun'ﬁmﬁ GXtP&OLLOH of orcinolereacting material other thon N,
AQQOVer of’ uNA, on the other hand, was considerably lower hy the }bA
extraction m&thod, even the most Ffavourable conditions (L.6H [CA at VOQG)
glving e yield Gniy 874 ol that obtained by the SchmidteThannhouser

procedure.




TABLE &8

Recovery of nucleic acids from rat liver under various conditlons

of FCA extractions

":TWQQZO;mindﬁé extractions were carried out. The orcinol and
dériéftilégbcéaufespﬁéfé‘ﬁscd to measure the nucleic acids of both the
FOA éxtfaéé ahd1ﬁh§f$dﬁmidtaf@énnhaqser ractions. The results are the
meanﬁdata mbtaiﬁéd in tﬁn experinents (one of which wes carried out by
Dr. W, C; Hutahiéoﬁ},-énd are glven a5 pes nuclelo acld P oper 100 mg.

liver.f Tﬁe figures' in brackets are the recoveries by FCA cxtraction

relative to those by the Scinit-Thannhauser procedure.

Treatﬁenﬁ ' Tot&i P RNA P DNA B
: . .. | RNA frection | 85.2 7842 » Ll
tchimidt=Thennhavser | DNA fraction 2341 - B3e3
ECA extraction | 0.5N at 70% 90.8 | 75.8 (9%:) |14.2 (81%)
140N a4 70% 88ed | 7449 (96/) {1645 (7L)
1.0 at 70% | 95,2 | 8L.0 (1055)]20.5 (87E)
L.0N at 90% 109 83,6 (L07%:){19.9 (85s)

¢
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:ThéerSulté“bfiafmore axténsive‘examination of Lhc niicct of

rLomparahure nnd oFf cuhceﬁtra%iéﬁ'of bﬁ on tho cxtrac cion of nuclolc aalaﬂ :

lfrom rat 1LVOP are pmven in ripurﬂ 69" ! TWmAtan@eraturés comm@ﬂlyfdﬁéd»

v

wi&éi'angénof &Uﬁ‘cohﬁenﬁrﬁtiqns;.jf&t 709, e£t5action &itﬁ éﬁﬁdﬁﬁﬁraﬁiona'
'uf i&ﬁfaf JoR BN or lCaB res uTL@é Ain DNA values which were. muck 30Wbﬂ’%hﬂﬂ s
;@h se dbta1ﬂcd by Lhe Hchm1dLmThanUhausgr method,  Within the rapg@“'“.'
E‘lN to H ubA thc va ues wero‘nnly o ﬂjtti less than the ﬁehmidﬁmT)¢; -

.

zAThannhauqor 11 1?esf 'at blnhcr congeutrmtmonf the Vﬂ?ues
’ 4. L& g -

ﬂz

;13ni0T!0ﬁ;
*j*oqumably owing to Lhe dcstruwb:on of dCO&YpentOb@o. | R

“At 0000 ‘ h*o ‘csfructlon beéln% at muph Jowgr conocntratlons of acid,
;ﬁanﬁ t e va1ue$ nmfcr efoo d s of the SchmmdtmThanﬂhauser-SQriéé;“”
rho ﬂNA ¢° campfote y bxtr atcﬂ n 7000 by 0, 58 JDA, and thher :

3

-*anéeﬁtratianatfczcvv fuathcr quanbitles of DTdLﬂOLﬁTO&Qtlﬂg matetlal,
,;so hdt bhe vgluos venbuai ¥ exgecd thoso uhtalned by thv nﬁh%ldhw
m Tthnh&uBevimcthod. A simllar 1ncreauo ououa vhen the extractibﬁ“is

'“~novfurmcd aL QOOL, Tﬁuﬁ xCA,at~teo nigh 2, temperature Qr“cwnaentr&timn:_gﬁ

L&. 'bL Lo Abv ct orwinolnrewcting“gubsﬁances other than A

"

TL apvoaru, Lhcreioro, Lhuﬁ \hllP thc ICA ox‘raobsﬁn mvthod ﬁay he

mﬁ&hiﬁfﬂuuGJJ éuf’ qt.u&LLon 0f ;WNAtprovmdea'the concentration-of LOA and
the ﬁemper&tufe oﬁ extfamtion ore not too hizh, 1t is not a suitable

.5
*.E'

_The ﬁﬂ&lVSL of scme of the liver specimens was carrisd out by
Dr. W» Gre Hutchison. CoSimilar results were obtained using spleen.
e el : & B

1
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"procsdura”ibr thé'estimatiéh§¢f¢uﬁﬁ.,‘ We huve thcreiore ﬁrwlorrod to-

'.u;ayehe a3kaimn& ﬂigesbi@n>§bé¢QQufé‘Qf chmaat and "Tha nnhaurur me

‘ nuclell id oatlxmtlonaf- . |

| Tbéﬂ;gur;final,séheme Tor %ﬁéféﬁ;ljsiﬂ of' tiééﬁé micleic acid fnlis

iﬁ‘hq’ ' .i;h_réea , psutﬂ o
| (a)‘ ;foalpi ut;on and Wduﬂjnﬁ viibh éo1d acid |

(b)'.@xtractloﬂ witﬂ ligid solvenﬁs

(e) . anal Lynls uf Lhn nucloip aaid cunLont of the r@biﬂl

u'.?

The methods-founﬁ mQﬁt‘suﬁ ahle 'far the ‘second anﬂ:third of these steps

.thP alr@&dy heen diocus é@déﬁw il huva alsu carr&ed out pn. investigation
'into the'efficiaﬁay df &ifferent aciﬂ G, dﬁ& the af'fect of different timcm:
of exposure to Lh@ cold dCldg irom;thefpoint of vievw of nuéleiévaaiﬁAT'

¢ . S
pmepipiumtion in aﬁave (a) She resul t% of thi "vtﬁdy are given in
Table 54, Samples of liver hdmbgenate were ﬂrecipitatea and washeﬁ

‘ﬁWLOO wiuh U N TCA or 1OV'TOA9 the time of contact varylng from Q.5 hours

A
s

“( che mxn|mum meé nvodcd for thu e.manlpulabjon%) up bo 24 hours. . The
S&u@leﬁ weré €hcn extracted. with lipid oiven.s and, anﬂlyshd for nuglﬁtc
'ﬁaiﬁs;ﬁy-the nah“?dhwl1annhau%mr wroccdure As the ﬁmbla.shaws, amﬁtaaﬁ
th ;Qb 704 for 24 huurﬂ aelu?i 00nS of the 0lu.anﬁ 013y Zw of ﬁho

Ela, bud the ¢ wal““ Lreﬂboﬁ Wlbh Qo7 1CA ngo $0wor regoverics nf Fi&

e lak allfﬁiﬁmm frum ? houf @ﬂﬁard._ ‘hua; altﬂuq@h-neiﬁh@r acld . precipitant

lioadv to large losoos of” nuc?cj acid; it is clear tant, for roubtine

Cremoval of &cidmgblublv duqu&nceu 10, Tbn i Lhe safer « cholce.
. - ? -’,

Our conclus 1uns irmm unmq bv&gi inves Llwnuion of Gortaln mothud% of




TABLE - 54

" The recovery of nucleic scids from rat: liver after different periods’

of contact with cold TCA or iCA -

The total recoveries of KNA and DNA ave given as pg. nucleic acid

per 100 mg. liver and as percentage change. from the valucs obtained. -
after 0.5 hours' contact with 107 TCA, . the reaults are the mean. of
~-those obtained by i estimations and by Ceriobti or oreinol reactions.

Treatmént ~ | Period of comtsct (h) | . RNA DA

22,9

<A A M. T A A

05 0CA b . o 77,0

TL.2(w75) | 22.0(=50)

e ot o 2

o4

1047 FCA B I | 1 72.9(-30) | 22.9(:0.)

| | 2 ' | 694 3(=10x) { 22;7(,1,.,);'
i 6 . ' i 66»55(-1433-’1_1)" ; Lo B ()
E ﬁ 2 R | 62:0(-187) .410(-&,)




wl&F =

Qqalyéing nqcléic'aciéa invliﬁer may be sumerised as follows:
| (a)» Eith@rﬁﬁ.VﬁbfﬁA 6r‘i@ﬁ PCA may‘Ee uged as o protein precipitont
und auLvmnﬁ o &oﬁd»&oiubj maberi.al without serdous loss of nuclelc
cids, Gdnﬁaét-with LCA for{Q hours orsiangerg however, causes lover
rccavéfLes of RUHA, Qlthoﬁghsbﬁﬂ is'ﬁﬁﬂfféctedé Phuas Wu"iﬁ protaihly
a safor GroLea. |
(b} V:ﬁ @ fibicntly:a‘t 1ctod by two wantynmlnuLo extractions
wit} U ﬂ FGA et 7093, but higher temperatures or comsentrations of
aci@”ﬂﬁy,gxtimét_Sﬁhey uréinéiﬁregéting mwaberial, and give volues wivich
| muLoo h.:vgh., : | | |
j(?) ?mhe mQﬁt EavmurablM @undemonc for extraction of DA by MCA
“éfé (a) o’ cemperatura of . 70°.an6 (b) o YCA concentration botwcgn 1H and
sf;u zaryen‘. .c.m, the mtmct cotibod ns 1oss than 90 of the DA of the
Hpe@Amon, a8 Nens uroé by. the‘umhmmﬁtmﬁhannhau er procedure. The latier
‘ mgthud.ﬂ“ thgreforc Lo be prciorrcd iéi'sla estimation,

%(a); ﬂuc valueﬁ obbained by the Cewiobti and oreinol reactions fop

melelo aaid 1’invfréctiona preparad by the Scehmidi-Thannhoauser method

AN

imﬁﬁré,s) égfé& wall with‘their ﬁat&l L content, if‘allowancé ig
@a@é f@r‘ih@‘“aoﬁaaﬁitghﬁ” Y Qfltha ﬁu@arnatunﬁ (acidesoluble) froction.
[l(e) fhé “)wt suldt sable wgncme for routine analysis thus seems to bhe:
M.¢_orocmpﬁ uhnoﬂ and two was héé Wikl iqi TOA
Do extr&etioh'with'lipid,nolvsnts as in Figure 8
i a1kgtlng dinestlon and fractianation by tﬁe Schidi-thannhauser

m@tho&5f&nd neas ursmani of RNA and DNA in the fractions

'(by'E'éstim&timns and by specific colour reactions).
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TE  PROTEIN COMPONENTS OF SUBCELLULAR STRUCTURES
INVOLVED IN PROTEIN SYNTHESIS

by

Bileenn D, Downile

SUMMARY 2

A nitrogen~containing material which is removed by lipid
golvents from liver bissue residues has been investigated
chemically and biologically. Certain orgsnic solvents commonly
used to extract lipids from trichloracetic acid-treated residues
of liver solubilise more than 20% of the total acid-insoluble
nitrogen. Only a small part of this nitrogen is contributed
by phospholipid, and 1little if any by nucleic acid. Results
obtained by means of amino-unitrogen and peptide~bound niitrogen
estimations, and of paper chromatography, ilndicate that the
nitrogenous material of the solvent extract consists mainly of
protein or polypeptide. Thig "1lipid protein" can be separaied
from the phosphorus—containing substances of the solvent extract
by washing with 0.2 volumes of water. The "1lipid protein®
occurs in all the cell fractions examined (mitochondria, microsom
and cell sap), but is especially abundant in the mitochondria
and larger microsomes, fractions which are rich in cell membranes
The distribution of the "lipid probein® follows that of the
phosphollpid, and it is probably a component of the cytoplasmic

nembranes.
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Chemical treatment of microsomal pellets prepared by
differential centrifugation in sucrose solution confirms the
suggestion that the "lipid protein® is of membranous origin.

The microsomal fraction corresponds to the endoplasmic reticulum
of the intact cell, and fractionation of the microsomes by means
of a variety of reagenls indicates that the "lipid protein" of
microsomes is derived from their membranous component rather
than the ribosomal granules.

Protein deficiency for 11 days decreases the amount of
"lipid protein” in the liver celly, but the other constituents
estimated (non~lipid protein, RNA and phospholipid) also fall
by the same proportion. Thus protein deficiency appears 1o
lead to the loés of c¢cell etructures as whole units rather than
the specific loss of any one chemical constituent. The vegrowtk
of endoplasmic reticulum membranes Whichafollows the feeding
of a protein meal to fasted rats is accompanied by an increase
in the amount of "lipid protein®, which thus seems to wvary in
porallel with changes in the amount of membrenous msterisal in
the cell.

The lipid solvent extract of the aclid-insoluble residue
of liver from rats injected 5-60 minutes previously with
14Cwleucine contains considerable amounts of radioactivity,
which are probably not due to contamination with free leucine.
The uptake in the solvent extiract, relative to that in the

non-1ipid protein, is stimulated by the feeding of a protein
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meal. . ﬁo rats faﬁbca ovcrnLth. :'”his éffect is not seen in
rats waioh have boun depleted oC protein for 6 dava; ~the endom
plasmic fetlculum ‘may be- modifiod by protoln deplotnon 80 Lhaﬁ .

1t ig no 10ﬂpor*ab]e to fcqpond to the pro»eln mealn The

rehpon%e”ho Lhe m@al observod in the ﬁd@quately nourished rat
is SGGH Jn aTL the oytopla%mic fractions. The uptdke lu
"hlﬁhest ln tho micr sompa, and e&p@ﬁLaWIV i1 the llpld' olvenbi
exﬁrﬁct oi uhemr umbrdhOUH omponent ~ The aOLLVLty caaohe
a peak: QOm)O minu es alter the anection of the radioactivgf“
1eue1ne.;=f;i ‘ - o | |
ThO‘GVLQGHOL therefore aug cests thatb certain organi $01V8n1
are P?p&b]@ éJ removang from the. trlchloracebmc &Gld“ roated |
reS1due of lLVGT 8, Bp@ciflo nitrogenoua mauerjal Whloh JB:fTOG
ffom phosphorug %nd is pr@bably protein or palypepﬁmde 1n nabufe.
mhlu'"lipld protemn" is - prabably deered £rom mhe mmmbranesfwﬁ
:of the endoplaemla rohloulumg iﬁ mpeciflcally sensiblve 00‘,u
ubarvatioa and to reefeedinp with protovn, amd is sssocLaLeﬁ

with a hlwhly wqdloactive fwaotlon in the mlcroqomaj membfane

B30 mlnubes af et Lho 1nLrwvonova iﬂJOOblOH or ’40 Jeucine.'



