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ABSTRACT 

Total ribonucleic acid was- isola.e'êd~':froIh rat liver 

homogen";tes and the free and ~èmbrane-bound(p.6lYSOmal sub­
'\ 

-, pop~lations derived therefrom by a modifi~atÏon of the 

.-guanidinimp thiocyanate/CsCl centrifugation technique of­

Ullrich et al. '~,Scienc~, 196: 1313-1319, 1970). Messenger 

ribonucleic acid was iso1ated ~ollowing affinity chromato­

graphy and purification of the polyadenylated ribonucleic 

acid species. The i~tegrity of the messenger. riBonucleic 
, -----

acid was assèssed by cell-free translation in the hetero1ogOus 

micracocqal nuclease-tre?ted reticulbcyte lysate system. The 

resul ts for the homogénate messenger ribanuc1eic '>'acid revea1ed 
/ 

synthesis of peptides up to 145,000 in mo1ecu1ar we,ight. The 

newly synthes;i.zed radioactive peptide produc~ts correlated weIl 

with the major secretory product' of the liver, the plasma pep-

tides. Indeed, 30.8% of the radioactivity in the total trans-

lation products was found in w~ight 

similar to albumin and éorrespond~~J4J. 31% maximum 

calculated on theoretical grounds. 

Synthe sis of the plasma peptid 
. 

was segregated ta the messenger ri~onucleic acid isolated from 

membrane-bound polysome~ while peptides identified as cytosolic 

proteins were tran~lated near exclusive1y by the messenger . 
, ' 

ribonÙc+eic acid derived from free polysomes. 
, 

~ 
The g~!nidinium thiocy~nate/~sCl centrifUgat~on method 

revealed 'itself as a rnarkedly superior method for the isolation 

of messenger ribonuc~èic acid frbm liver. The results di~prR~ 
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the contention of tran!3lational control as responsible for 

the synthesis ~f albumin by the 'rnembr~ne-bound polysornal 
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RESUME 
J ----

On lia isolé l'acide ri?onuc,lé;ique tota1'~' homogénates 

f · d \, .. ,. l' 1 . O1.es, e rats al.ns1. que ~es sous-popu atl.ons ~o y oml.ques 

libres et liées à la membra~e qu 'cm en a dé,+"ivées au moyen 

de 

- l ' '/ \ 
d' une modi~idation de la technique de centrifugation au thio-

, cyanate de\iguanidinium/cSc.l d"Ullrich et coll. (Science 196: 
\ j 

1313-1319, 1979). On a isolé l'acide ribonucléique messager 
<> 

après la chf.omatographie d'affinité et la purificat.ion de 
~ 

l'espèce d'acide ribonucléique polyadény1é. ,On a vérJ,.fié 
, ç 

, .' l'intégrité de l' ~RN-messager };\ar traduction acel.l.ulaire dans 

le système de lysat de réticulocytes traités à la nucléase 
, A ~t. 

micrococcique _ Les résultats obtenus dans le cas de l'ARN-

messager font apparaître 'la de peptides dont le poids 

meléculaire atteint jusqu'à On a noté une bonne cor-

ré~ntre les produits actifs de peptides nouvelle-

m.en",:- syntHétisés et les principa x ,produits sécrétoires du 

\ foie, les peptides plasmatiques En effet, on a observé 30 _ 8% 

1 de la radioactivité des produi s de traduction x dans un 

peptide de poids moléculaire 'se,Jnb1able à celui de 'albumine 

et ce pourcentage correspond~it bien a,ux 
1 

calculs 'théoriques. Il 

La synthèse des plasmatiques 

ment de l'albumine) a été' s parée de l' ARN-messa 
. , 

i' , 
1 

polysomes liés â la membra e tandis que les pep ides identifiés , 

o 
co~e protéines cytoso~iq es o~t 'été trasui ts presque exclu- / 

sivement par l'ARN-mess er dérivé de polysomes libre!!>_ . La 

iii 1;)" 
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méthode. de centrifugation au thiocyaiiate,' de _ guariidinium-CsCl 

s'est avér€e nettement supé~ieure pour l' isola'tion-" de l'ARN-, 

messager du foie. Ces résulta~s contredisent l'hypothèse 

sel.on' laquelle la régulation de la ,traduction serait à ' 

l'origine de la syntaèse de l'albumine par la po~~l~tion de 
, . 

po1ysçmes li€s à la membrane dans le foie, (Shafri tz, D., 

1974', J. Biol. Chem., 249: 81-88 'et 89-93. 

Nom: Frances A: Power 
\ 
" " Titre de la thèse: Traduction acellulai~e dans l'homogénat 

Dipl.ôme: 

, , 

de foie d'ARN-messager ribosornique libre 

ou 'lié à la membrâne: Utilisation du 

thiocyanate de guanidinium dans l'·isola­

tion d~ l'ARN\me~Sager. 
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INTRODUCTION ) 
J 

Cells are enveloped by a proteinaceous lipidic;boat 

termed the cell membrane. Within each eukaryotic C~~l there' 

is a functional ahd,- indeed, physical compartmentalization. 

Structurally, the ~~partme~ts are ~lso,enclosed by membranes 

e.g. the Golgi apparatus, lysoso~es, endoplasmic reticulum, 

and the nucleus. Therefore, the e1ucidation of membrane 

biogenesis has been of immense interest to ce11 biology 
/" ' 

èver since its inception. One of the numerous procedures 

employed td investigate membrane bïogenesis has been the use 

of in 'vitro translation systems (Bergeron et al., 1975; 

Blobel, 1980; Toneguzzo and Ghosh, 1978; Rachubinski et al.', 

1980). 

Within eukaryotic cells, proteins are translated from 
, 

mRNA either associated with polyribosomes free in the 
- \ 

cytoplasm (free polysomes) or polyribosomes attached to the 

endoplasmic reticulum (membrane-bound polysomes) (Palade, 

1975) • 
f-

" The majori ty of secretory proteins have been shown to 

be synthesized by membrane-bound po1yso~~s in-~ontrast to 

cytosolic prot~~ns which are thought to be synthesized by 

~-------~-~e polysomes \as reviewed in Davis and Tai, 1980; Palade, 

lQ75; Rolleston, 1974; Shore and Tata, 1977). Nascent 

secretory peptide chains of these secretory proteins are 

released into the cisternae of the endop1asmic reticulum 

l 

\ 

'1 
1 
~ , 
, 
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2 

and then transported to th~, Golgi appara tus where 'they are 

modified and packaged to form secretory vesicles. The 

completed p~ptides are eventually released into the extra­

~ellular space after fusion of secretory vesicl~ with the 

plasm~ membrane during exocytosis (e.g. proteins~ro and 
.~ 

Palade, 1964; glycoproteins: N~utra and Leblond, 1966;, 

Leblond and Bennett, 1977). Therefore, cell biologiits 

initially assumed that aIl membrane proteins would be syn­

thesized on ''membrane-bound polysomes. This has been 

suggested for S'-nucleotidase (Bergeron et al., 1975), VSV 

G-protein (Toneguzzo and Ghosh, 1978; LOdish and Rothman, 
\ 

1979), and cytochrome P450 (Bar-Nun et al., 1980). How-

ever, with the use of in vitro translation systems, it was 
t 

also revea1ed that the synthesis of integral membrane pro-

teins could be directed by free po1ysoma1 mRNA (e.g. cy­

tochrome bS : Rachubinski et al.,-1980) •. 

AlI the above findings are, however, based on the 'assump­

tions that the heterologous or homologous in vitrQ transla­

tion systems are valid and that the methoâs used to isolate 
" 

RNA result in intact, valid and representat~ve mRNA: 

Cell-free translation systems such as the reticulocyte 

lysate system have been rigorously tested for the efficacy, 
\ 

veri ty and reproc:tucibili ty of roRNA translation (Pelham and 

Jackson, 1976; Shields and Blobel, 1978; Shore et al.,' 1979). 

However, those peptides syn thesi ~ed in vi tro could only be 

considered boIra fide if the mRNA translated were alsQ hona fide. ' 
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3 

Bona fide mRNA could be obtained from,i~tact Dio~ogi-. 
! ...;, ~ 

cally active RNA free of protein, polysaccharides and.,--bNA. 
, ' " 

/ 
However, when mRNA ls liberated from its confines'within 

,)J 
ribosomal subunits through cellular disruption,l the rnRNA , 

also released from lysosomes. 

degradation beiause RNAse ia 
".. ~ 

j " ' 
Since mRNA ~sla large macro-

~'" J w 

becomes ~ulnerable to enzymic 

molecule, it is aiso accessible to mechanical fragmentation. 

Traditionally, the mRNA used in,ce1l-free translation 

systems has been isolated by means of an organic solvent 

extraction which employed the use of pheno'l-cp.loroform 

(PenmaR,1966; Perry et al., 1972). 
\ 

Is it possible that this procedure,may be too harsh for 

rnRNA isolation due to the nature of its materials 

e.g. phenol anç the numerous sequences of vigorous shaking 

and transfer required to extract ru~A free of contaminants? 

In 1974, Glisin'et al., presented an RNA isolation pro-

cedure-which used CsCI equilibrium density centrifugation 

(Glisin"'et aL, 1974). The feature of equilibrium density 

centrifugation which 'is advantag~ous for the- isolation-~f 

RNA, is that macromolecules possess specifie and character­

istic buoyant densities. There~ore, in one step it was 
3 then possible to isolate RNA (buoyant densi ty ~ 1.9g/.cm ) 

free of DNA (buoyant density E! 1.7g/cm3), pOlysaccharides 

and glycogen (buoyant density. ca 1.67 gj.cm3), and proteins 
, . 3.. 
(buoyant density ca 1. 2-1. 4 gj.cm ) ~nclud;).ng RNAse (Anderson 

, -
et al., 1966; Counts and F1arnm, 1966; F1amrn et al., 1972; 

( 

\ 

\ 

\ 

\ 

" 

.1 
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Piko et al., 1967). 
~ 

In 1968,- Cox showed"" ~at ,chaotropic agent" guani-

dinium hydrochloride, cou~à be used in'RNA isolation for the 

inactivation of RNAse -(-Cox, 1968). 'However, a more powerful 

chaotropic ~gent than guanidinium hydrochloride exist,s. It 

is guariidinium thiocyanate. The cation and anion of 

. gUanidini. thiO~an'ate effectively dissolve, denature and 

dissociate proteins (Jencks, 1969; Sela, 1957). 

Then in a 1977 paper on the cloning of rat insulin genes, 

Uilrich et al. introduced 'another method of RNA isolation 
1 ./ 

which incorporated the CsCl equilibrium density centrifuga-
~--

\ '. 
tion procedure of the àforementioned )nisin et al. Ullrich 

et al. were able to i.solate mimA fram islets of Langerhans 
'e r _____ 

from the rat pancreas, an organ replete in RNAse -200~g 
, , 

RNAse A/g tissue wet weight (Beintema et al., 1973). In their 
" 

bibliography and exclusively in a footnote, they briefly in-
• 

dicated that the pancreas was homogenized in a powerful de­

proteinizing solution, 4~ guanidinium thiocyanate /1 M 

mercaptoethanol, pH 5.0 and then 1ayered over 5.7M CsCI and 

sedimented accordin9, to- Glisin et al. (U11rich et aL., 

1977). ' 
,~ ~ 

It was therefore decided to employ this method. First, 

it implied a guarantee of the demise of RNAse. Its homo-
\ 

,~ 

genizing solution also contained besides the guanidinium 

1 thiocyanate, the powerful reductant, 2- mercaptoethanoh. , , 

2 Mercaptoethanol reduces the disulfide bonds of RNAse 

" 

'1 , 

~ t~ \ . 
'" . ",\ 

':"* , ~ <~~ .. ~~.::~ ;~,'- > ~ ,~.':.; ... ~~ - ~~"7, ----+----=--;;-:--'"""""":""--:vnr.;~~~"';'!"!"-"""'!"_,~-~~--~-. ..;;." -,'-,,-_-~-. ,~~."!I, :0--....... """"-"......,.:.~ ~i,/ 
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which are essentiai for its catalytic activitx~ (Serâ,- 1957). 

Secondly, it appeared a pri6ri that the RNA would be handleq 

moie gently than by the phenol-chloroform extraction. 
, 

Anatomically and physiologically, the liver has pre-

'sented itself as a reasonab1e experimental mode l, for protein 

characterization and therefore, membrane biogenesis. 'The 

Iiv~r is one of the few,tissues}'where the technique of sub- ' 
,.' , ~: 

cellular fractionation has been validated arid empl.oyed as a i, 
1 
i 

useful tool for testing various theories co~cerning membrane 
1 

biogenesis (e.g. Dal.lner et al., 1966; Dehlinger and Schimke, 

1971~ Posner et al., 197~; Bergeron et al., 1973) • 
. 

Alburnin is a li ver protein which has been well character-
1 . ~ 

ized wi th respect ta lots structure,' ,sequence and mode af 

secretion. Mature rat 1iver plasma albumin has been shawn 

to bear a molecu1ar weight of 65,000 (Judah et al., 1976; 

Peters, 1970) whereas the molecular weight of its precurso~, 
, 

preproalbumin has been shown to be 68,000-70,000 (Strauss 

et al., 1978; Rachubinski et al., 1980). 

albumin synthezized by the iiver compared 

The proparti,bn of 
/, ' 

1 1 

to t:he tot~,l: li ver 
1 

proteins synthesized in vivo deterrnimed by severai ~orkers 

has varied fram 3.5% (Schreiber et al., 1971) to 'l.cfJ9 % (Peters 
7.K 

and Peters, 1972) to 12% {Peavy et al., 1978>'1 tt~0,'·,l. 3% (Keller 

and Taylor, 1976). j/' .. 
Though the techniques available to oeJ~biOI09ists, over 

the pas t 25 years for determining peptid~spectra' e. 9'. 

SDS-PAGE 'had limited sensitivity, nevertheless, i~ was found " // '/,'.'//;/' 
" 

/' : 
-/ 

\ 

1 
\ 
1 
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that mQst plasma proteins except gamma globulins were made 

almost exclusively by the 1iver (Bergeron et al., 1 78; 

Crane and Miller, 1974; Miller et al., 1954; Glau nn and 

Ericsson, 1970; Glaumann et al., ~975; ~nes ,et al; 1967; 

Miller and BaIe, 1954; Miller et al.\Î- 1954; Morgan and 

Peters, 1971; Noel and Rubin~tein, 1974; Peters et al., 1971; 

• Redman et al., 1975). 

Albumin represents the major peptide of plasma and the 

main secretory product of the liver •. 

Therefore, significant levels of mRNA from the liver 

should code for plasma proteins and mo~e specifically, 

albumin. This prediction could be useful in assessing the 

integrity of mRNA isolated from rat liver homogenates i.e. 

the ability-of this rnRNA to direct the synthesis of albumine 

If it could be established that the isolation of horno-
1 

genate mRNA by the guaniàînium thiocyanat~ CsCl centri­

fugatiQn procedure ,(henceforth considered as the GTC- pro-

cedure) were superior to the phenol-chloroform extraction 

proc~dure, would it then be worthwhile and significant to 
o 

further subfractionat_e the . homogenate into the two' main 

populations of ribosomes narnely, fr~e and' membrane-bound 
\ 

pOlysames for their subsequent isolation of mRNA? 
r 

previous workers have described the synthesis of al-

bumin mainly on membrane-bound polysomes (Hicks et al., 1969; 

Takagi and~Ogata, 1968; Takagi et al., 19697 Takagi et al., 
A . 

of 1970) and of a cytosolic protein, 'ferritin, on free polyscmes 

, 

'1 
1 
, 

, 
• ... i J, 

,,' .. :t 
~,j', 
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(Hicks et al., 1969; Redman, 1969). ':However, a controversy 

exists in the literature. 

That is, exclusivityof the translation'of albumin 
: ' . 

,,:, directed by mRNA 'pn membrane-bound polysomes had been 
1 

questioned by Shafritz in 1974. From .bis studies of 1974, 

he claimed that 'read-out' experiments showed (as expected) 

that the syl'lthesis of·;, albumin was on membrane-bound po1yT" 
L~ 

sames solely, whereas heterologous in vitro translation 

experiments showed an identica1 distrib~tion of mRNA coding 

for albumin in both free and merobrane-bound polY~9mes 
, "'f~., 

~ (Shafritz, ~974). Shafritz explained that translational con-

trol could account for the near-exc1usivesynthesis in vivo 

of albumin on membrane-bound pol~somes_ 

" One point of note is that m0st of the in ,vitro studies 
, ; 

which used mRNA translation to assess alburnin synthesi~ had 

employed the'phenoi-chlorofor~ extraction procedure. As 

weIl, littlè atternpt was made to correlate the prdportion of 

albumin synthesized by the l'~ver in vitro -wi.th the expected .. 
l 

13% (Ke11~r and Taylor, 1976) in vivo. 

OBJECTIVE 
~ 

It '~as therefore considered worthwhi1e to attempt thë 

isolation of liver mRNA' following whatever could be gleamed 
1 

from Ullrich \~t al ~ 's footnote by the GTC procedure: 

1 

'Islets were'homogènized in 4M guanidiniurn thio-' 

cyanate (Tridom/Fluka), I·M mercaptoethanol 
1 

~,~ ~ 

~,,~,.~.--~j,,";,~.----~--,~,-, ------~~~~~~~~~"~.~--".·.,~4·.y·~·~~.,,,~~;·~· .. -,·,'~,'------"-L~·,~·,~,~,~~b~.-,~~~~:.~,.~~~~~-,~,<~.~1·-
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l, 

buffereq to pH 5.0 (J .M. Chirgwin, A.Pryzbyla, \ 

W.J. Rutter, in preparation). The homogenate 

was layered over 5.7M césium chloride and the 

RNA'was sedimepted as dèscribed by V. Glisin, 

R. CIkvenjakou, C. Byus, [Biochem. 13:2633 (1974)].· 

Science (1977) 196:Reference 

No. 6, p. 1319. 

Messenger RNA would be isolated from rat liver homo­

genates and translated in the well-established reticulocyte 
tP 

lysate system. The integrity of the ~~Aewould therefore 

be assessed by comparing the translation products through 
o • ' • 

SDS-PAGE with the predicted major synthetic products of.liver, 

namely, the plasma proteins and specifically, plasma albumin. 

If homogenate mRNA was shmm to be rela·tively unfrag-

mented, theD the GTC procedure could be used to study the, ~ 

-""" 
biogenesis of liver m~mbranes. For this latter purpose; how-

" 
ever, the free and membrane-bound polysomes of ~iver would 

need to be effectively separated and their mRNA (isolated as . ' 

above) assessed for integrity. The integrityof membrane-
-

baund polysomal rnRNA would be determined by comparing its 

translation products to plasma ~roteins (li ver secretory prQ-, 1 

ducts). As weIl, the integrity of free polysomal mRNA would 

be determined by camparing its translation products to liver 

sedentary proteins 'namely, the cytosolic proteins. 

~-".-"'---,_._-",,_-, ,..:.-------------~ 

• J , 
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1. AlI chemicals were of analytical grade. 
1 

Lactated Finger ' s solution was·'obtained from Abbott 
'\ 

Laboratori'es, Ltd., 'Montreal, Quebec. , 

PPO was purchased from Ame'rsham, Arlington Heights, 

Illinois. 

.. 

BPB, glacialoacetic acid, hydrogeft peroxide, absolute 

methanol, TCA and p~xylene were purchased from Anachemia 

Ltd., Lachine, Qqebec. 

" , 
DMSO was obtained from J.T. Baker Ch'emical Co., Phillips­

burg 1 New Jersey •. 
1 

SDS was obtained from Beckman Instruments Inc.~ Palo 

Alto, California. 
,01) 

t 
Bio-Rad dye, high artd low molecular weight protein 

standards a'nd Econo-Coi umns (0.5 cm XIO ~) were pur-' 

chased from Bio'Rad Laboratories, Mississauga, Ontario. 
1 

Whatman No. l fil ter I?aper and No. 3 ,Mll fl1ter disks 

were,purchased from'Canlab, Montre~l, Q~ebec • 
• 

Oligo(dT)-~ellulose type T3, _was obtalned from Colla-

borative Research Inc., Waitham, Massàchusetts. 

, Absolute ethanol was obtained from Consolidated -Alcohols 

~."Toronto, Ontario. 
'f • 

. 
Bis was purchased from Eastman Kodak Co., Rochester, New 

York. 

"' q 

.. ,""" 

! ' 
1 

--1 
i 

. , 

" , i 

1 
l, 
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AP, iso-butanol, ~thylene glycol, ethe~, glycerin, Hel­

(acid),mag~esium acetate, pota~sium aceta~e,' potassium 
~ 

hydroxide. (pellets), sodium ac~tate, sodium cil..loride, 

sodium hydroxide, and sü~rose were purchas'ed from Fisher 
\ . . 

Scientific Co. ~., Montre~l; Quebec~ , 

. \ 
Guanidinium thiocyanate was obtained frQm ICN~K & K 

Laboratories, Inc., Plainview, New Yqrk~ 
1 

" \ 

Royal X-O.-Ma.t,X-Ray film, KLX developer. and Rapid Fixer 

were from Kodak, Montreal, Quebec. 

Ni trogen gas was from ,Liquid Carbonic t Montreal, Quebec.' 
1 • 

GSWP filters of pore size 0.22 ~m and diameters l~:mm . . ~~ 
~ , 

and 25 mm were purchased from Millipore Ltd., Missi~sauga, 

Ontario. 

Sodium pe~tobarbital, ~~mg/ml,.was abtained from M.T.C. 

Pharmaceuticals, Hamilton, Ontario. : 

lmCi/mlof 3H-L-Leucine (L-[3,4,5- 3a(N) ])with- a speci­

fie activity of >,110 Ci/nunol, Protasol and stàndard 

linear polyethyi~ne LSC vials were pu~chased fFom ~ew 

England Nuelear Canada, Lachine, Quebec. 

POPOP was obtainèd from Packard Instrumen~s Co." Inc., 
l , 

Downers Grove, Illinois. 
~. 

,., APH, a~rylaml:de, ATP, aIl 20 cold -L-axq~~~~,~:.~,~~"!,~>~E!l!,j,ant;r'-'"~''''''' 
cresyl blué, CaCl,CsCl, CB, creatine phosphate, creatine_ 

phosPPokïhase, , cycloheximide, DEP, EDTA EGTA, GTP, hemin, 

l' 

-1 
1 

"', l.. 
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heparin, HEPES, 2-mercaptoethanol, micrococcal nuclease, 

TEMED, Trr.t~ Triton X-lOO and wheàt 
, k- ,,' _ ~ 

-' . 
gerrn tRN~ wére pùr-

from Si9!!a Ch'eIni'ca'l Co. , St • 
• 

Louis, Misso~ri • 

2. ANlMALS 

Male She~an rats were obtained~frbm the breèding colony 

, -, of t:hé"'Department of,Anatomy, MeGill University. They 

J, 

were maintained on Purina, Rat Chow unless starved., 

The' duration of -s'ta~Ç1tions are indicated',,-where appli-' 

cable. As weIl, the rats received,water ad libitum. 

• 

,,----

, ~, 

,. 

\, 
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f-tETHODS 
--_..-

1. Methods used in the Operation and Analysis of SDS'!'PAGB.'" 

1 SDS-PAGE with a 5-15% resolving gel and discot:J:t,inQouS 

bUf,fer system 

The estimation of the mo1ecular weights :of prot~ins 
\ ". , ~ 

and ~eir sUbunits by SDS-PAGE was introduced by Sh~piro, 
,/ 

'Vinu~~~d Mai~el (1967), the'discontinuous buffer system 

.~------DY~a~iS (1964), and the acryljmide gra~nt by Blobel and 

D~berstein (l975).. Based on the .wo~ the above authors 

and o~e~ con~ide~a~ions as outli~ by ~aizel (197l)~ _~e 
fOllowing protocols weré desi ed for SDS-PAGE~· 

. \, 

As 
!t. 

Thr?ughout this w 1 doubly-disti1led water was used •. 

well, \ a1l % ~tions refer to W/V méasurements unless 
~ \ 

specified. 

a Stock solutions of the resolvi~g and spacer gels 
, 6 

COMMQN-

i 

30% acrylaDrl.de 
0.8% Bis, 

.Water to volume 
ft. ' • ,~ t .--~ 

Filtered with Whatmaft 
~ .-/ . 
No. 1 paper and stored 
at 4°C for :2 mon~s 

... . 

, ' 

( 

ii 

Tank buffer, 
2 .. 88% L-glycine 
0.6% Tri~, pH 8.3 

0.1'% SDS 
\ ' 

Water to volume 

r:Ma~ ffeShlY 

1·' 

-_ ........ _-----~~---' ........... _->-------' ~~ .. _. 

, , 

" , 

, " 
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10% AP 

Water to, volume 

Stored at 4°C for 

two w,eeks-
... ..~ 

Resolving Gel 

i 

Buffer:- 9 

2 .OM Tris-HCl, pH 8.85 

Water to volume 

St:ored,at 4°c (for 1.5 

weeks 

ii 

85% sucrose 

Water to volume 

Stored at 40 C 

13 

E Preparation of the gel. 

. " 
iv 

10% SDS 

l'la ter to volume 

Stored at room temperature 

for two weeks 

Spacer Gel 

i 

Buffer: 

o • 5r'Ï Tris-Hel, pH 6. 75 

Water to . .volume 

Stored at 4°c for 1.5 

weeks 

ii 

60% sucrose 

Water to volume 

Stored at 4°C 

"J 

A 5-15% continuous gradient was formed for the resolv-

ing gel as fo11ows: 

Cons ti tuen ts . IvoI ume (ml)' 

30% acrylamide/O. 8% Bis 
Resolving gel buffer, pH· 8 .• 85 

Il I~EMED . 
85% sucrose 
10% SDS 
Water 
10% AP 

, .' 

:fo~, 

'J. 

5% 

60 ml 

10 
12 

0.05 
nil 

0.6 
, 37.0 

0.3 

< 
15% 

for 60 ml 

30 
12 

0.05 
8 
0.6 
9 
0.3 
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The spacer gel was added directly to the upper edge of 

the resolving- ge-l. A comb .. was inunediately placed in ·the 

spacer gel and removed after polymerization, thus forming 

pockets for sample Ioading,. 

,/ 
c. Preparation of the ~ample: 

A 'sample preparation' was made which containe9 the 

,necessary chemicals to denature the vrotein sample (Reynolds 

and Tanford, 1970). 

This solution was made as follows: 
-

In a total volume of 5 ml there was: 

\ 

I ml of 10% SDS to coat the denatured hairpin-shaped 

protein wi th negat~ ve charges wh en 
< 0 
heated at 100 c. 
) i 

l ml of spacer rI buffer, pH 6.75 to resuspend 

the protein in a pH identical to the 

spacer gel 

l ml of 0.1% BPB to be the marker for the gel front 

I ml of 2-mercaptoethanol.to reduce the protein to pre-

vent the formation of disuifide bonds. 

The latter result in aggregates and t 

nonunifonn conformations of the peptides. 

1 ml of. glycerin tQ_.make the sampIè ÉÙ:>lution more viscous 

and thereby allow i t to he underlayed in 

, , 

a small volume in~t:o~t~h~e~~~~------------------

ation 1 was added to the re-

sample or standard. Usually, 40pg of 
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protein was sufficient. 

The sample .~olution was heated at 100°C for two minutes 

and immediately loaded into the gel pockets of the spacer 

gel by Peterson pipettes. 

The negati ve hairpin shape must be forroed for two 

reasons. 

When different proteins assume the forro of a hairpin . 

loop, the differences of tertiary structures are eliminated 

with respect to migration. As weIl, the obtention of a 'uni­

forro negative charge in the proteins enables aIl proteins to 

nqw migrate to the anode' strictly according to the length 
, 

of the hairpin loop and thus ,directly proportional to mè>le-

/ cular weight. 

d. Operation of the gel 

The gel box was constructed of plexiglas based on the 
" 

design of ~eid and Bieleski (1968) as modified by ~~udier 

(1972) • 

The rationale for the use of spacer and resolving 

gels ,was pub fo~ard by Ornstein (1964) i~ l'lhich a~anta~e 
was taken of the Kohlrausch (1897) phenomenon. Namely, 

, 
at the large pore size and low pH'of the spacer gel, 6.7, (as 

weIl as the Tank buffer) ,chloride 'ions will migrate 

markedly faster tilan the protein Molecules and the (very 

few) glycinate ions at these pH' s.. Thus a difference in 

potential will be s~t up between the rapidly migrating 

chlcfride ions (leading ions) and the much more slowly 
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migrating (and very few) glycinate ions (trailing ions). 

This sets up a considerable differe!)ce in potential and 

the peptides which are negatively charged are caught in 

between and acceleratéd- thereby stacked by the_ Kohlrausch 

phenomenon-'- toward the chloride front. Howeve'r, upon reach-

ing this, they follow the chloride ions in front, 'uniformly 
l 
as a stack. Upon a change in pH (eo 8.9) and pore size'(Orstein, 

1964} many more glycine mole cules (in fact, a vast excess) 

become negatively charged. As, these ions are of a much , 

smaller sizè than the negatively C:;harged peptides, the former 

rush past the peptides to follow the chloride front. The 

unifo~ distribution of glycine in the Tank buffer now 

elimin~tes the Kohlrausch phenomenon and the peptides are 

now subject to molecular sieving. Since aIl charge "and 

shape differences have been removed by the SDS effect, the 

proteins then separate' according to mo1ecu1ar weigh t wi th 

the gradient of acrylamide preventing d:i..ffusion of the 

lower molecular weight" species (Le., smaller pore size). 

Gels were electrophoresed at an amperage setting of 

17.5 mamps using a Heath-schlumberger Regulated High 

Voltage Pm-1er Supply, Model sP-l7A. To maintain this 

amperage,. it was riecessary to increase the initial-voltage. 

The maximum allowable voltage was 240 volts beyond which 

the gel would overheat. After this voltage was reached, 

the amperage gradually decreased. Gels were electrophoresed 

for approximately 7 hours. 
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e. Development of the gel for analysis 

After electrophoresis, the gel was stained overnight in 

the following solution using a modified method of Weber and 

Osborn (1969}: 

0.1% CB 

50.0% absolute methanol ,(v/V) 

'- 10.0% glacial acetic acid (v/V} 

The gel.was then destained for one day in the fo11owing 

solution: 

7.0% acetic acid 

30.0% absolute methanol 

(V /Vl " 
\ 

(V/V) ~ 

The destaining solution was changed severa1 times in 
, 

order to obtain a sharp contrast of band migration ~d 

separation., 

2. Gel Standards 

Bio-Rad SDS-PAGE mo1ecu1ar weight standards were used. ' 

The approxirnate concentration of each protein was 2 mg/ml. \ 

5 111 of the high and low molecufar weight standards was used. 

The protein composition of each set of standards was: 

High Molecular Weigh t Standards., 

~rotein 
1 

Myosin 
B-Ga1actosidase 
Pllosphorylas.e B 
Bovine Serum Albumin 
Ovaibumin 

Molecular Weight 

200,000 
130,000 

94,000 
68,000 
43,000 

atI 1:tIL!i -
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Low Molecular Weight Standards:' , 

protein 

Phosphorylase B 
Bovine Serum Albumin 
OValbumi~ 
Carbonic Anhydrase 
Soybean trypsin inhibitor 
Lysozyme. 

Molecu1ar Weight 

94,000 
'68,000 
43, 000 
30, 000 
21,-00'0 . 
14,300 

3. Estimation of the molecul.ar weights of sample peptides 

:a : ft 1 tt 

When a sample was eléetrophoresed in SOS-PAGE, the molecu­

lar weights of its peptide constituents were determined frorn 

a plot of Standard molecular ~eight vs. Mobi1ity relative 

to the mobi1ity of the cytoso1ic peptide,'C (Le., relative 

mobi1ity~ Rc) (Weber and Osborn, 1969). 

The Bio':"Rad high and low molecu1ar weight standards ;were 

used for the Standard mo+eeular weight VSIR plots. R·'s were -- c c 
'\ 

detennined as follows: \ ' 

After e1ectrophoresis cf the standard!=i, gel ~taining and 
' . 

.. < 

des taining, '\ the distances of indi vidual ha ds fl!'tlm the upper 

edge of the resolving gel were measured re ative to the 

eytoso~ie peptide, C. This ratio represen ed Rc. Then on 
. ' 

semi-Iogarithmie graph paper, the molecula weight values 
, \ 

were plotted on the ordinate and the Rc va ues on the abscissa. 

Thus, to estirnate the molecu1ar weigh s Qf the peptide 

constituents of a sample, the Rc'S of the ample's peptide 

) 

: 
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bands were determined and the molecu1ar weights read off 

a standard curve of Mo1ecular weight vs. R (e. g. Fig. 2a). - c 

The samples rere e1ectrophoresed in the sarne gel as the 

standards, un1ess noted. 

II Isolation of Rat Liver Cytoso1, S~rum and "Plasma 

1. Isolation of rat li ver cytosol ! 
"'- " a 

Li ver 'istO~Ol ~as prepared as described' by Rachubinski 

etaI., (1980). 

"A male Sherman rat starved for 12 hours was anaesthetized 

with- 0.1% sodium pentobarJ;>ital and then perfused, using a 

perfusion hei~ht of 1.2 m, wi th Lactated Ringer 1 s via 

the 1eft ventric1e. The liver was excised, washed once in 

~ce-cold 0.25 M sucrose, hornogenized in a Potter-Elvejham 

homogénizer (7-9 strokes), filtered with nylon boulting 

c10th and made to a 1:3 homogenate with 0.25 M sucrose. 

The homog~nate was centrifuged for 10 min. at 12, OOOg 
\-

in the Sorvall RC-2 refrigerated centrifuge. , ,. 
The l2K ~upernatant was centrifuged at 150,0009 a , m x 

1 

for 1 h'in an International (IEC) A-237 rotor using the IEC 

B-60 uitracentrifuge. This final supernatant (Le. -ISOK) 

was operationaI1y defined as. the cytoso1ic fraction. 

The ISOK supernatants were pooled, samp1es taken for· 

protein determination and the remafnder stood at -70°C in a 

Reveo upright freezer. 
. i 
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1 

Approximate1y 110 J.Ig-132 pg of cytosol was used for 

electrophoresis. 

b. Isolation of rat liver serum 

Li ver serwn was prepared according to Bergeron et al., 

1978. 

A male Sherman rat starved for 12 hours was anqesthetized 

with ether and decapitated. Thli! b100d was colleeted, 1eft at 

room "temperature for l li and then left at 0-4oc for 3 hours. 

The resulting b100d clot was loosened at i ts periphery wi th 

a wooden applicator stick. The clot wps then removed by 

centrifugation at 1,000- 9 for 15 min at 0-4oC in a IEe av 

clinical centrifuge. The IK supernatant was operationally 

defined as serwn.' This supernatant was removed with a Pasteur 

pipette, ~amples taken for protein determination apd the re­

mainder stored at -10°C in the Revco upright freezer. 

Approximate1y 60 ~g of ser,UJn was used for el~ctrophoresis. 

c. Isolation of rat liver plasma 

An unstarved male Sherman rat was decapitated. Its b100d 

was t:011ected lnta 'tubes rinsed with 1% heparin and centri­

fuged at O .... 4oçhand 1,OOOgav for 10' min. The IK supernatant 
\ 

above a whi te buffy area was opera tiona11y d~fined as plas~a. 

However 1 this supernatarit was nob used if i t had a reddish 

tinge. Th~ IK supe~natant ,was ge'l'1y removed with a Pasteur 

pipette, samp1es taken for protein <:1eterminati\?~ and the 

remainder stored at -70°C in an upright Reveo freezer. 
/' 

Approximate1y 100 ~g of plasma was used for electrophoresis. 

1 
/ 
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III Bio-Rad protein Assay 

l , 

Protein :poncentratiens were determ~ned by the Bio-Rad 

protein assay (Bio-Rad Technical Bulletin 1051: April, 1977). 

1. 'Solutions 

4.0 ml of doubly distilled w9-ter was added te 1. 0 ml of 

the Bio-Rad dye reagent. This solution was filtered through 

Whatman No. 1 fi1ter paper and sto~d at room temperature for 

up to 2 weeks. Then a standard BSA stock solution of 10mg/ml 

was made, from whiOp 2mgjml of BSA was prepared a t the time 

of an assay. 
v( 
~ -

A tYPiral set of BSA standards were: 

Desired lJg Protein Vol 2mg/ml BSA (in 1I1) Vol of Water 

20 Hj 90 
40 20 80 
60 30 70 
80 40 60 

100 50 50 
140 70 30 
160 8.0 20 
200 100 Nil 

2. Method 

A total volume of 0., 1 ml of each standard, blank and 

sample was prepared. 5.0 ml of 'the diluted Bio-Rad dye reagent 
. 

was added to the 0.1 ml and mixed immediately. Between 5 min 

and 1 br, optical absorption readings were taken at 595 nm in 

a Beckman Model Du Quartz spectrophotometer. 

IV Methods us~d to carry out Ce11-Free Protein Synthesis 

1. Isolation of RNA ~rom tliree subcellular fractions of ~at 
liver 

'" ut 
P,~ .~~: "',::;., \~: ~I :,' :-

li l, b i 
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AU glassware, metal instruments, polyallomer and poly-

carbonate tubes as weIl as the graduated cy1inders used for' 

RNA isolation were sterilized by dry-heating at,6So
C for 

at 1east 6 hr, except tl;1e components for Mi!llipore filtering 

• which were sterilized in an ~co autoclave for l hour at 15 
, ' 

psi and l20oC. 

AlI solutions for RNA isolation were passed through 0.22 

].lm GSWP Millipore filters unless otberwise noted. After 

fi.ltering they W~re)tight1y.sealed. They were made at the \ 

most 3 days before 'the exper;;"ment. Cycloheximide and 2:-mer­

captoethanol were added to solutions on the day of an ex-

periment. The rats used for RNA isolation were starved for 

12 h but gi ven water ad libitum. 

a. Homogena te 

100-150g staryed male Sherman rats were anaesthetizéd 

with 0.1% sodium pentobarbital using a 1 ml sterile plastic 

syringe wi th a 25 5/8 gauge needle. The mediastinum of 
\ 

rats was entered in order -to carry out cardiac .p~rfusion. 

It was enterE:~d by cutting al.ong the length of the l.inea 

alba in an inferior to superior direction, cutting the lower 

ribs from the superior end of the 11nea alba laterally, to 

expose the inferior surface of the diaphragme Then the 
• , • 1 

xiphoid process was raised anQ. the heart exposed by l.ilCl.Sl.ng', 

1 the anterior margin of the diaphragme 

Perfusion was carried out ~sing unfiltered (ice-cold) 
.,. 

Lactated Ringer' s containing 5.)Jg/ml of cy~loheximide, via the 
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left ventri~cle with a 21 gauge need1e unti1 the 1iver wa? 

clearly blanched. 

This was done to flush blood and thus, the RNAse it ~on-
1/ 

tains from the li ver. As weIl," cycloheximide prevents 

ribosomes from running off rnRNA by inhibiting e1~ngation 

(Ennis and Lubin, 1964; reviewed by Vazquez, 1979), thereby 

e1iminating the problem of membrane-bound polysomes 

distributed in the f~ee pOl~omal population. 

becoming 

Livers were excised, trirnmed of fat, connective tissue, 

and bile duct, blotted, and' ,placed in a 4 M guanidinium thio-

cyanate / 1 M 2-mercaptoethano1, pH 5.0 / 5.' llg/m1 cyclohexi-

mide solution (a modification of the method of Chirgwin, 

Pryzbyla and Rutter as outlined by U11rich et al. in 1977). 

The guanidinium thiocyanate solution was prepareq by 

heating the required amount of guanidinium thioeyanate on a 

Tek Pro 'Heat Stir '36/ at a low heat, and stirring until the 
1 

solution turned from a 1ight brown cloudy solution to a 

clear solution with a brown precipitate. 2-rnerèaptoethanol 

was added to the guanidiniurn thiocyanate solutiçn after it 

had cooled to room temperature. The -solution was adjusted 

,to pH 5.0 with glacial acetic ,acid, made up to -yolurna, and 

filtered through Whatman No. 1 filter paper. It was then 

filtered through a 0.22 ~m GSWP Millipore filter. This solu­

tion was filtered again,on the day of the experiment tq;ough 
\ 

another 0.22 pm GSWP Mil1ipore filter after ~~e addition of 

cycloheximide. 

~ .' .•.. 

.,e 
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. 5.7 M CsCI/0 .. 1 M EDTA was treated with O. 2% DE~ to inac-" .'­

tivate any RNAse present in the CsCl (Taylor, 1976; Ehrenberg 

et al., 1976). After the addition of DEP, the sglution's pH ------ --

was adjusted to pH' 6.S and then left to stand for 20 min ta in­

activat.e RNAse. Aftsr 20 min, the solution was boiled for .. 2 

min ta inactivate DEP (Chirgwin, personal communication). 

The solution wa~ then re-equilibrated to its original volume. 

The rat livers were diced in a second change of the 

guanidinium thiocyanate solution and then homogenized at 

0-4oCwith a Potter""Elvehjem 40 ml homogertizer. The homogenate 

was filtered through a nylon boulting cloth, transferred to 

r~~m t.emperature, and made up to the reguired volume with 4 M 

guanidinium t.hiocyanate J '1 M 2-mercaptoethanol,.plf 5 .. 0/5119/ 
, 

ml cycloheximide to yield a 5% (W/V) homogenate. 

Approximately 2.8 ml of the homogenat.e was 'layered onto 

1.0 ml of 5 .. 7 M CsCI/O.1 M EDTA, pH 6. S/6 mM 2-~ercaptoethl:lnoll 

5 l1g/ml cyloheximide solution in each IBC SB405 polyallomer 

tube. About 16.8 ml of the homogenate was used. Six tubes 

were equilibrated on a Harvard Trip balance and centrifuged 

in an ZEC SB405 rotor for 20-22 h at 192,000, gmax and 25~C 

usin9' an IEC B-60 ultr~centrifuge (Glisin et al., 19-74; Martin 

and' ter MeuJtih, 1976; Chir~in" person~l co~unibation). 

After centrifug~tion, all, the supernatant, which 

included a DNA band at :the, guanidinium th~ocy~t).ate - CsCl 
\ 

interf.ace, was aspirated wi th a Pastel.1r pipette leaving a 

clear glassy pellet. The tubes were inverted' and the 

-! 
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walls of the tubes w!"ped wi th Ki:rmyipes to ~move any traces 

of ONA. The RNA in thetclear pellet was resuspended in 1 

volume of lOOmM Tris acetate/lOa mM sodium Acetate, pH '9.0/ 

6mM 2-merôaptoethanol at ro.om temperature usinq a Teflon 
o ' pestle. 'A 0,1 vol'wne of,4 C 2.0!>! potass,i.um acetate, pH 5.5! 

6 mM 2-mercaptoethanol soluti~n was added in ~e cold and 
., a / ' 

then 2.5 'volumes of -20 C cold absolute ethanol was added. 
, 0 

The resu1 ting solution was kept at .. 20 C at least 12 h to 

precipitate th~' RNA. (Bergeron et al., 1975) ~ Further pr.:o­

cessing will be described later. 

b. Membrane-bound polysoÎnal fraction 

Membrane-bound p~lysomes were isola\t~d following the 

procedure of ~amsey and Steele (1976) as mOdiJied by Rachu­
'î/I 

binski et al. (1980). 

The rat li vers were perfused and e?,cised in the sarne 
. . 

\ manner outlined for homogenate RNA -isolation. However, \; 

" } 

,the livers were placed in ice-c<?ld Polysomal Buffer':'O .25M 
;JO 1 

sucrose,' which consisted of O.2M -Tris acetate, pH 8.5 at 
, -~ , ~ ~ 

2oC/75mM potassium acetate/SIUM" magriesium acetate/6mM ~Ioo 
.. ~ .r~" . ~ 

mercaptoethanol/5p9/ml cyc1oheximide/1SO units Iml heparin 

·and 0.25 M sucro~e,' diced in a secpnç chapge of the same 
, ~ 

buffer and homogenized at O.4oC ~it.h a Potter-Elvehjem '4.0 ml 

homogenizer. Th~ homogenate was filtered through- nylon 

boulting cloth and diluted with the ~buffer to give a 1:8-1:10' 
, \ 
(w/V) , homogenate. / . 

The, hOlUogenate was centrifuged at 740 gav for 2 min, 
L · 
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~ d 
\ theI\ at 131,000 -~ 9 . for 12 min in a BeckmanL5-65 ul tra­av 

centrifuge at 0-4 OC, acceleration rate 10 using SW27 poly-

a110rner tubes and the SW27 rotor. Most of the l31K super-
, 

natant (contained free polysomes) was poured into a grad-

uated cylinde; measured, and kept in the cold, 0-4oc, until 

further u~.. The supernatant closest to the pellet, was dis-
/' 

carded. 
--,. 

The SW27 tubes were inverted at 0_4oC to drain the super-

natant and the wa11.s were wiped wi th K.imwipes. The upright 

tubes were placed on ice and transferred to room ternperature. 

The 131 K pellets (containing bound polysomes) were scooped 

from the tubes with a spatula and plaeed in a 20 ml Dounce 

homogenizer at room tèmperature. containing 4 M guanidinium 

thiocyanate/l M 2-mercaptoethano1, pH 5.015 ~gl/rn1 cyc1o-
• 

heximide. The pellet was then homogenized using ,the 'A' pestle 
, 

and eitner diluted with the guanidini~ thiocyanate solution 

to gi ve a final concentration of 9-11% "(equivalent starting 

1iver wet wt./V) o,!= 1eft uqdi1uted. (Dilution yielded a 
y , / 

srnaller DNA band) "" .- - -~ 

f 

Half the suspension was used for RNA- isolation (~. 16. B ml) • 

, The RNA was isolated via CsC1 density contrifugation and 
~,~-:;- 1'- • 

precipi'tated with alfsolute et!tanol' fo11owing the same pro-
<­

" 
cedur~s described for the, :isolation of homogenate RNA. 

c. F~ee polysomal fraction 

Free pol-ysoJDes were isolated following the procedure 

of Ramsey and Steele (1976) as madified by Ra~hubinski et al., 

(1980~ 

\ ' 
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After approximately 3 h at 0-4oC, the 131,000 g , ~ av 

supernatant was added to Beckman 60 Ti polycarbonate tubes 

half-way (13.0-13.5 ml). When necessary, Polysome Buffer-

0.25 M sucrose was added to,the supernatant to make up ~e 

appropria te volumê. Bach tube was then undeilaid first wi th 

7 ml of Po1ysome Buffer-l.3a M sucrose, pH 8.5 at 2oC, using 

a 20 or 30 ml steril~ plast~c syringe with a 15 or 17 gauge 

needle with 2~3 cm of tubing attached at its tip and secondly, 
.;. 

, 0 
with Polysome Buffer-2,'O M sucrase, pH B.5 at 2 C, to capacity 

in the same manner. 

The tubes were centrifuged in a Beckman 60 Ti rotor 

for 15-17 h, at 169,000 9inax using a Beckman L5-65 ultra-
/ 

centrifuge at 0-4 oC and at an/~celeration rate of 10. 

The supêrnatant and~osé cushions ;ere aspirated 

wi th a Pasteur PiPe~ the walls of ~e tubes wiped, wi th 
/ -------------- ._---_._-~-

Kimwipes and a f~drops of 4 M guanidiniurn thiocyanate/ 
-------------/ -

------------.~~~-~m~ercaptôethanol, pH 5.0/5~g/m1 cycloheximide were 

b 

add~d ~he free polysomal pellet. The pellets were re­
/ 

suspended using a.glass rod with a large round tip and the 

suspensions removed with a Pasteur pipette ta a 20 ml 

Dounce.homogenizer containing guanidiniurn thiocyanate salu-

tian. The suspensio'n was homogenized using the 'A' pe.~tle 

and diluted with the guanidiniuro thiocyanate so+ution to 

approxima~eiy 16.8 mIs which was used for RNA isolation. 

The RNA ~as obtained via CsCl density centri~ugation and 
) 

~/ 
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presipitated with absolute ethanol following the same pro-
.v 

cedures described for the isolation of homogenate RNA'. 

2. Isola~ion of Poly (A)+ RNA , 
The RNA precipitates of the rat liver ,homogenate, free, 

and membrane-bound polysomal preparations were collected 
, 

by centrifugation. 45 ml of the absolute ethanol-RNA solu-

tion was added to 5'0 ml èonical pyrex polycarbonate _!t:l.l:>es- ----­

and centrifuged at 0-4oC for 10' min a t 1 ;500 a in an IEC llIax ' , 

Model V Size 2 centrifuge using its large swinging buckets • 

The 1.5 K supernatant was discarded, the rernainder of the 

~solute ethanol-RNA solution added to the pellet while re-
,,~A 

suspending the pellet with a glass rod, and the volume made 

up to 45 ml with ice,co1d absolute ethanol and centrifuged 

fôr another 10 min. The resultant 1.5 K supernatant was dis-

carded, the pellet resuspended in 45 ml of absolute ethanol 

to wash it and centrifuged for 10 min. This 1.5 K supe~­

natant was disearded, the pellets were dried under nitrogen 

gas and the tubes kept on ice until denaturat{ôn. 

Affinity chromatography was carried out according to a 

modified version of Aviv and Leder'.s procedure (1972). 200 

mg of Type 3 01igo (dT)-cellu10se (contains oligoroers 

of an average chain length of 14-16 nucleotides which is 
" 

..... f 

su'itable for quantitative binding- Collaborative R~search, 

Ine., 1977: .catalog 3)was suspended in a small volume 0:1; 

the Salt buffer t i. e., 10 mM', Tris acetate, pH 7.6/0.4 M 

sodium chloridejO.5% SDS, and added to a 0.5 x 10.0 cm 

gla~s Bio-Rad Eeono column. The cellulose was washed wi th 
, " 

'j 
1 

" , 
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~" 
19 ml of ?l M potassium hydroxide, 20 ~l of doubly-distilled 

~~ter and finally wi th 20 ml of the Salt buffer. The flow 

rate of-the wash and affinity chrornatogr~phy was maintained 

between land 1.5 ml per minute. 

The dried RN~yellet~ were J:'~suspended in 2.5 ml of 
----

~--
10 mM Tris acetate,- pH 7.6/1% SDS and heat denatured at 650 C 

for 5 min. Then 2.5 ml of ice-cold 10 mM Tris acetate, pH .1.6/ 

0.8 M sodium chloride was added and 10 ~l taken for RNA analy-

sis. The RNA was adâed ta the column and after i t had flowed 

into the cellulose, was allowed to bind for 5 min to ~nable 

interaction between mRNApolyadenylic acid and column oligo-

thymidylic acid. 

The nonabsorbed material, non-a1enylated roRNA, rRNA, 

tRNA, and DNA, was eluted by washing wi th 15 to 20 ml of the 

Salt buffer with 0.5% SDS and 2.0 ml of the Salt buffer with-. , 
1 

out SDS to prevent inhibition of translation by SDS (Shore, 

personal communication). 100 ~l of the salt eluant was taken 

for RNA analysis. 

The material retained by the column was eluted with 5 . 
1 \ 

ta 8 ml of Non-salt buffer, 10 mM Tris acetate, pH 7.6. 1.0 ml 

of the polY(A)Tfractio~ was taken for RNA analysis and added 

back to the remaining poly(A)+ fraction. The volume was ad-

justed to fill polycarbonate A32l tubes which were then 

centrifuged at 0-4oC and 210,000 q for 12 to 14 h in an 
'"lIlax''. 

IEe A~21 rotor using an IEe B-60 ultracentrifuge ta pellet 

+ the poly(A) , RNA. 

':, 
.. '. 
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'3. RNA Ana1ysis 

The concentration of RNA extracted from rat liver 

homogenates, free ~nd membrane-bound polysomes was de ter­

mined'as described by Munro and Fleck (1966) using E~%cm = 

312 where an O.D. of 1.,000 at 260 run indicates a coneentra-

tion of 32 ~g/ml of RNA. 

A total volume of 1 ml of sarnple was read in a 1 ml 

quartz cuvette of 1 cm light path distance at 260 nm using 

a Beekman DU Quartz Spectrophotofueter. 

For Oligo {dT)-cellulose affinity chromatography, 

samples were taken ~efore elution (lO 111), after salt elu-

tion (100 ~l), and lastly, after non-salt elution (1 ml). 

Readings at 280 nm were taken additional to those at 260 nm 

sinee the ideal 260 nm:280 nm ratio of 2.05:1 (Warburg and 

Christian, 1941) indicated the sufficient removal of protein 

from RNA. This is desired for translation. 

4. Preparation of the reticulocyte lysate cell-free trans­

lation sys tem It 

1 

a. Reticulocyte lysate preparation 

Reticulocyte lysates were prepared from 3 kg male New 
\ 

Zeaiand white rabbits as outlined by Hunt et al. (1972). 

Rabbits were injected subeutaneously with 5 mIs of 

"-10 mg/ml of APR in saline (0.9% NaCl). rhis was repeated 

for four'to five days decreasing the posage 1 ml a day after 

f . 
! .. ~ .. ~ 
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two days until the eyes became a pale· pink. 
....---~. 

The rabbits were then left untreatkd for two -or· -thfee 

~ays while the eye colour began to ~eturn. Then the reti~ 

culocyte content of the blood was deter.mined by staining the 

blood with 0.3% brilliant cresyl blue in ethanol. If more 

than 7S% of the cells were observed to conta in a dark blue 

reticular network, hence'reticulocytes, then the rabbits were 

bled. 

BefpFe bleeding, the animaIs were injected with 1.0 to 

1.5 ml of sodium pentcbarbitol intravenous,iy, in one ear. 

After the animaIs fell asleep, 0·.1 I!Ù. of 10 rrg/ml heparin" in' " 

saline was injecrted intravenously tO\ 1?revent blood clotting. 

Blood was then collected by cardiac puncture using a 

heparinized needle and tubing leading to a bottle containing 

0.1 to 0.2 ml of heparin three feet below the rabbit. This 

enabled the blood to flow into the container by gravity. 

The blood was placed on ice and then red blood cells 

" .1 0 were collected by centrlfugatlbn at 0-4 C for 5 min at 

'" 2,500 gmax using the large swinging buckets of the IEC 

Model V Size 2 centrifuge. , . 

The/2.S K supernatant containing plasma and a buffy layer 

·of white blood ce Ils was removed by aspiration and the upper 

half of the pellets w~shed three times with a"0.14 M sodium 

chloridej5 mM potassium chloridej5 mM magnesium acetate. 

The lower halfof the pellets contained erythrocytes. 

The cells were then lysed by adding" 1 or 2 volumes of 
. 

dOu,bly":"distilled water to the final 2.5 K pellet. The cells 

'\ 
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'wlere left on ice for 10 min, then centrifuged at 0-4oC for 

10 min at 20, OOOgmax in the SS34 fixed angle rotqr and the 

Serv~ll RC-2 centrifuge. The 20 K supernâtant was dispensed 

in small aliquots e. g. 0 .. 4 te 1. 0 ml, frezeit in liquid 

nitrogen, and stored at -70oC. 

b. Nuclease treatment 9f reticu10cyte 1ysates 

Reticulecyte lysates were rid of endogenous,nffiNA by 

the method of PEüham and Jackson (1976). 

EndogeI?-0us lysate mRNA competes wi th exogenous mRNA for_ 

translation. A system which reduces endogenous protein syn­

thesis, te a negligible level is provided by digesting endo-

genous lysate ~A by micrococcal nuclease. This nuc1ease 

" reguires calcium ions for its activity which are then re-

moved by chelation wi th EGTA thereby inacti vating the nu-

clease. 
, 

0 .. 4 to 1.0-' ml of lysate was treated with 4 to 10 pl of 

7.5 K units/ml micrococcal huclease and 4 to 10 ul 0.1 M 
'\. ' 

, calcium chloride at 20°C for 10-20 min. 

Furtiler h~drolysis was terminated by the addition of 

8-20 pl 0.1 M EGTA, pH 1. S, and transfer te ice'. 
~ 

This was dohe immediately before prote in synthesis. 

c. Reticulocyte lysate cell-free translation system 

Translation by reticulocyte lysates was ca~ried out 
. ' 

fo1lowing the procedure ~f Shore and Tata (1977). 

A cocktail was prepàred which contained 10 mM ATP 

, , 

: 

,/ 

. ' 

'. 

1 
i 
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neutralized with Tris crystals; 2 mM GTP, ~.3 M of 1,8 amine 

aci ds (minus cys teire and, leucine) and 0.1 M HEPES, pH 7 .. 5, 

in doubly-distilled water. The cocktail was stored at -70oC 

along with the other components unless otherwise noted. 

The other components were: 50 mM magnesium acetate, 

2.0 M potassium chloride, 9.3% crea~ine phosphate, creatine 

phosphokinase, hemin(see below), 65A260/ml wheat germ tRNA, 
, 

freshly pr~pared 0.088% cysteine, lysate, mRNA and water. 

To 6.5' mg hem}n the fal10wing materials were added in 

the order: 0.25 ml 1.0 M potassium hydroxide, 0.5 ml 0.2 M 

Tris acetate, pH 7.6, 8.89 ml ethylene glycol, 0.19 ml 1.0 M 

He!:' and 0.05 ml H20: This was stored at -20o C. Aliquots 

of hemin were removed at -20oe. 

Translation of exogenous polyadenylated RNA was carried 

out as follows: 

A reaction mixture save the lysate was prepared eithe~ 

immediately before or during the treatment of lysate with 

nuclease. The reaction mixture contained in a total volume 

of 42.7 ~1:3~1 of cqcktail, 5 ~l of 9.3% G~eatine phosphate, 

2 pl of 50 mM magnesiurn acetate, 2 ~l 2 M potassium chloride, 

2 .. 5 }.Il wheat germ tRNA, 0.2,}.II fresh 0.088% cyst:einE}, l }.Il , 
hemin and 2 ~l 10 C· 3 le . li 1. H- uc~ne. After digestion, 25 pl of 

lysate was added. Volumes were increased proportional to 
;. --~ 

the number of reactions carried out plus one. Therefore, ta 

each plastic Eppendorf rnicrotube on ice containing the 

appropriate amourtt of RNA and water in 7'.3 )lI, 42.7 'pl of 

\. 

'1 
1 
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reaction mixture was added yielding a total1reaction volume 

of 50 Ill. This was then mixed gently and incubated for 60 

min at 29°C. The reaction was terminated by placing the . ' ' 

tube~ on ice. 
" , \ - ! 

'Usually, five 

translated so that the mRNA dependency of the reticulocyte 

lysate translation_system, i.e., for rat"liver homogenate, 

free and membrane-bound polysornal mRNAICOUlr'be determined. 

V Analyses of the Peptide Products of the Reticulocyte 

. Lysate Cell-free Translation System 

1. Initial determination of the presence anq àmount of peB~ 

tide product 

The measurement of radioactive ami no acid incorP9ration 
/ 

in the reticulocyte lysate cell-free translation syitem was 
y 

/ 

carried out by T_CA_precipitat~on of the peptide prbducts on 

filter-paper~ disks as described by Mans- and Novell:t--r19.6l) • 
M 

Duplicate disks of Whatman No. 3 }~ chrornatography paper, 

2.3 cm in diameter, were spotted with 5 ~l samples of trans~ 

lation products. The disks were air dried and then added to 

a beaker containing ice-cold 10% TCA/lO mM leucine (there 

should be at least 3 ml per disk) for at least 60 min. The 

TCA prèçipitates, protein into the matrix of the disks and 
( 

the nonlabe~ed leucine dilutes the specifie activity of the 

radioactive leuoine ta inhibit nonspecific'binding: 

The 10% TCA so~ution was poured off and the disks washed 

! 
/ 

'1 

) " 
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wi th 5% TCA/I0 rot! leucine for 15 min. 

The disk,s were then resuspende? in 5 % TCA/IO mM leu1ine 

and, incubated at 900C for 30 min to hydrolyze and extract RNA 

and amino aCid7 charge\ tRNA. The 5% TCA solution was decanted 

and the disks washed with 5% TCA/IO mM leucine. 

The disks we~e then resus:pended in ether/ethanol CV IV) 

and incubated at 370C for at least 30 min to extract TCA and 

lipids, the ether/ethanol solution decanted, and the disks 

washed with ether/ethanol. 

The disks were resuspended ,in ethyl ether for 15 min 

at room temperature to remove the water and alcohol, the ethyl 

ether decanted, and the disks air-dried. 
\ 

" Each disk was then added to a plastic counting vial. 

Usually, 10 mIs of scintillation solution, namely, 70% 

p-xylen'e/30% Tri ton X -100/0.7% PPO/O. 03% POPOP, would have 

been added next. However, it was found that the lysate caused 

color quenching: This was found by the presence of a large 
J 

discrepancy between the efficiencies as determined by the 

channels-ratio and the external standard methods: (Wang and 

Willis, 1965). Therefore, the d~sks were treated with Protosol, 

~a tissue solubilizer, and 30% H20 2 • After this treatment, it 

was.found that the isotope counting efficiencies deter.mined 

by the channels-ratio and external standard methods agreed. 
, ' 

The disks were treated as described by NEN (NSN' Protosol 

Tissue and Gel Solubili~~er: 'General Inst~uctiôns ) .• 

Disks were thoroughly wet with 0.3 ml of water. 1.0 ml 
/ . 

, \ 

'1 
1 

! 
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of Protosol was added to the viéil and the vial cap secured 

tightly to avoid loss of th,e solvent. The vials were in-

cubated at 6S o C for 30 min. Decolorization was carried out 

by the addi tion of 0.1 ml of 30% H
2
0

2 
and incubation at 6SoC 

for another 30 min. The samples were cooled to room tempera­

ture, scintillation solution' added and the samples counted for 
Il 

-------------10 min ~n a Packard Tri-Carb Liquid Scintillation Spectro-

'meter, Model 3003. 

The radioactivity values obtained from the counter are 

given in cpm. Conversion to dpro requirea the determination 

of the % (counting) efficiency of an isotope, e.g., tritium 

is the isotope of 3H~leucine. The % efficiency is determined 

from the counts-ra~io and external standard values (given by 

the spectrometer) as outlined by \v~ng and Willis (1965). 

Therefore, dpro = cpm x 100, where the cpro values 
% efficiency 

were corrected for background. Background was determined by 

counting a vial only containing 10 mls scintillation fluid 

and a~~3dioactivity control, e.g. unspotted disks treated as 

experimental disks. 

The % efficiency of 3H in this work was found to be ca 

34%. 

-
2~ Resolution o~ the amount, molecular weight and origin 

of synthesis of labeled peptide products 

The molecular weights of the protein products were 

estimated after electrophoresis through 5-15% sos- PAGE. 
" 

The c~lular -level~ and origin of synth~sis of the 

-, 
1 
! 

1 
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peptide products were dete~mined first by radioactivity pro­

file determinations and then by fluo~ograPhy of 5-15% SDS-
• 

PAGE'. s. Molecular weights of sample and st,andard proteins 

were estimated from both gel sets. E1eetrophoresis was 

carried out as outlined in Methods 1. 

a. Radioaetivity p~ofiles 

Approximately 2 x 105 cp~ of each sample of peptide 

translation products '(unless otherwise noted) directed by 

1 lU' •• ~ anA 

homogenate, free, and membrane-bound polysomal mRNA fractions ' 

were electrophoresed. J'he amount of counts of the blank 

(i.e., no exogenous mRNA translated) that were loaded on the 

gels was limited to the largest volume of experimental (i,.e., 

exogenous mRNA trans1ated) sample loaded. Electrophoresis 

was carried out and the gels prepared for'radioactivlty pro­

file determinati9n. 

After destaining, the spa~er' gel was excised at the 

spacer-resolving geL boundary and 2 mm slices were eut from 

the upper ed~e of the resolving gel towards (and ineluding) 
\ 

the bottom of the gel. The slices were place~ in plastic 

counting"vials, 0.5 ml 30% H202 added and the vials in­

cuba~ed at 37°C overnight (Bergeron et al., 1975; Strauss 

et al., 1975). The vials wère cooled to roo~ temperature, 

10 ml of scintillation solution-aaded, and the vials counted , , 

for 10 min in the Model 3003 Packard Scintillation Spectro-

meter.' 

Usi-ng 18 x 25 cm K and E No. 461521 graphpaper UO x 10 te the an).1 

J 
1 , , 
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the cprn values of each samp~e were plotted on the ordinate 

as a function of the number of gel slices which was plotted 

on the 'abscissa. The radioactivity profiles of the protein 

products translated from the three subcellular fractions 

could then be compared. 
\ 

The percenlagé-of a particular prote in o~ each fraction 
-relative to the total amount of proteins synthesized in that 

o 

fraction could then be estirnateà. In this work, as in-

d " d ab h 1 f 3 l "" " ~cate ove, t e cpm va ues 0 H- eUC1ne ~ncorporat1on 

were used to plot radioaqtivity profiles. However, for dpm ... 
values, the cprn values can be OÔ~idered as: 

.J1':~"" 

d = cprn 3 100 = cpm x 100 = cprn 
pm % efficiency of H x 34 .34 ' 

b. Fluorogr~phy: 

G' 

Fluorography was ~~d out as outlined by Laskey and 

Mills (1975). 

After destaining, gels were placed in 500 ml once-used 

DMSO for 30 min, then in a new solution of 500 ml DMSO for 
t 

another, 30 min. Next, the gel was put into a solution of 
.,/ 

200 ~ 22.5% ?PO/0.05% POPOP in DMSO for 3 h. Final1y the 

gel was placed in 2 to 3 1 of 2% glycèrol for 60 min. 

After the g~ycerol wash, the gel was prepared fo-r drying. 

The gel was gently placed' ,on a wet piece of Whatman '--&0. 1 

filter paper (lying over 4 thick paper sheets) covered with 
- ~ 

Saran wrap ~md then a pla~tic sheet. 'A rubber'mat was placed 

over the gel and the arier turned on. The gel was-drièd for 

/ 

1 
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90 min at 8SoC on a Hoefer Scientific Instruments (HSI) Madel 

SE-540 gel 4rier. 

The dried gel was then placed in immediate contact with 

a sheet of pre-flashed Royal X-Q-Mat X-~ay film in the dark_ 

The film was exposed for 10 days in a 1ight~< 14 x 17 

in2 Westinghouse Int X-Ray holder,at -70oC in a Rev~ up­

right freezer. . 
The film was deyeloped by immersion into KLX Deve10per 

\ 

for i min, washed in running tap water for 1 min, fixed'in ' 

Rapid fixer Ifor 10 nun, and, lastly, washed in 200C running 
"-. 

tap water for 3 min. The film w~ air dried. 

It should be noted ~at those sarnp~es containing the 
" 

h!ghest amount df radioactive 3H-leucine were chosen for 

analY,sis by ~el slicing and fluorography since the sample 

volume was small (SO ~L) thereby permitting limited analyz-

ing volumes.' 
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Sample 

.. 
Expe riment 1 

1;:xperiment ,2 

Table 1 

a 
Recovery of homogenate RNA fractions from OligoCdt)-cellulose columns 

W~t wt. 'mg RNAI mg poly(A) -1 + mg poly (A). / Re cave ry 
J.;ver (g) g'liver 9 liver wet wt. 9 liver of :RNA 

wet wt . wet wt. 

3.4 4.57 3~87 9 .. 36 x 10 -2 87% 

-j 
9.90 x 10-2 3.7 5.00 3.43 71% 

ç, 

9 

'RNA was extracted ~s described in Methods (IV, la) from 

~at liver homogenates. The results from two separate 

isolation, procedures are inâicat'ed. 

, , 

.., 

<' 

+ Poly(A) 

2.0% 

2.0% ",. 
1-' 

D 
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Fig_ 1. rnRNA dependenoy of oel.1-free 

transI a tion as directed hy homogenate 
+ mRNA (po.1y (A) hom RNA) 

Increasing amounts of poly (A) ~om 
RNA were incubated with micrococcal 

nuclease-:treated lysate for 60 min at 

29°C. Radioactivity incorporation (3 H_ 

leucine) into TCA precipi tates was 

assessed by the method of Mans and 

Novelli" as described in Methods (V, _1) • 

Ce.1l-free protein' synthesi.s was a 

linear function of added poly(A) ~om 
RNA unti.1 ca 1 llg added per 50 }1g incu­

bation ~ixture. Two s~pa:x:;-ate po.1y(A) ~om 
RNA isolations from .107 g (e-a ) ànd 

88 9 (0- - -0 ) rats were carried out 

two weeks apart, to test the reproduc­

ibility of the isolation procedure. 

\ 
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Fig. 2. Fluorographic analysis of pep­

tides synthesized by homogena te mRNA 
+ 

(poly (A) hom RNA) 

a. Calibration curve of the SOS-PAGE gels 

of Fig. 2b. The molecular weight standards 

were as described in Materials and Methods. 

1 

b •. The spectrum of CB-stained plasma 

peptides (Plasma) Was compared to the 

fluorograph of cell-free translation 

products (2 x 105 cpm applied) directed 
+ by poly(A)hom RNA from two separate ex-

periments (Hom l and Hom 2). The fluoro­

graphs were exposed for 10 days. The 

radioactive- products (3 x 104 cpm) from 

a comparable volume of endogenous trans­

lation products (12 1I1) is also in­

dicated (Blk). Both Hom l and Hom 2 

showed, iden tical trans l~ tion products ~ 

with a major band (Mr,64,000, labeled 

as A64) of slightly decreased'mobility 

to that of liver plasma alb~in (Mr 62,000 

l.abeled as A62). Of note, i5 a band of 

m~,lecular we'ight 145,000 (H 145) which 

was the highest observed molecular weight 

peptide synthesized ,by the system. G 

refers to the major translation product, 
./ 

glohin, of the endogenous reticulocyj:e m-: 

RNA. C représents th~ cytosol.ic peptide 

whose Inohil! ty ~as used to deterrnine the 

relative mobility of(electropr~resed 
peptides while in samp1es other than 

,-

cytosol, the equi'lalent mobili ty was used. 

( 

o 
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Fig. 2. Fluorographic analysis of pep;:. 

tides synthesized by homogenate mRNA 
1 

(pOly(A)~om RNA) 

Same as outlined in 43a. \ However, the 

facing fluorograph (Hom l, Hom 2, Blk) 

was overexposed to highlight H145.' 
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Fig. 3. Radioactivi ty profile of pep­

tides synthesized QY homo-
+ gena te mRNA (poly (A) hom RNA) : 

Exper imen t 1 & 2 

2 5 - . x 10 cpm of translat~on products 
. + 

directe~ by poly (A) hom 1 RNA (a) and 

poly (A) hem 2 RNA (b) loaded on 5-15 % 

linear gradi~nt SDS-PAGE gels and eut 

into 2 mm slices for radioaetivity 

profile determinations. The radio­

activi ty profiles were compared to the 

peptides of CB-stained plasma of 

whieh the major peak (A64) eorresponded 

ta pl·asma albumin (A) but with a 

slightly decreased mobili ty. Peak G 

refers ta the globin zone of the gel' 

'" profiles. 
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'. Table 2 

Recovery of free and membranê-bound po1ysomal RNA fractions from 01iqo (dT)-cellulose columns 

Sanple Wet m. ng R-tN'g 
liver (g) liver 

wet wt. 
\ 

ExperiIœnt 1 3.79 

Bound polysares 3.26 

F:ree Polysœes 1.32 

Experinent 2 3.96 

Brund Po1ysaœs 2.25 

Free Polysœes 1.05 

~rlrœnt 3 3.74 

Bound Po1ysares l.15 
Pree POlysaœs .88 

mJ poly (Al-jg + ng poly (A) /g 
llver 1iver 
wet wt. wet wt. 

1.84 3.91 x 10 -2 

7.49 x 10-1 2.27 x 10 
-2 

1.72 3.78 x 10 -2 

7.37 x 10-1 
2.26~ x 10 

-2 

' .95 2.02 x 10-2 

.72 2.34 x 10 -2 

ReeoveJ:y of mA 

58% 

58% 

78% 

72% 

84% 

84% 

+ Poly(A) 

1.2% 

1. 7% 

1. 7% 

2.2% 

1.8% 

2.7% 

RNA was ext:racted as out1ined in Materials and .v.ethods. 'lhe resul.ts fran th:œe separate isolation 

procedw:es axe indicated. 
" 

/ 

*'1he, xesults of Fig: J lœ.l:e d:>tained fn::m translation of the' polY(A)~ RNA and POIY(~);r ~ of ~t 3. 
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Fig.- 4. mRNA dependency of cell- free 
, 

translation as directed by free and 

membrane-bound polysomal mRNA (po1y 
+ '+ 

(A) fr RNA and po1y (A) bd :RNA, respec-

tive1y) P" 

+ Indreasing amounts of poly (A) fr 
+ 

RNA and po1y (A) bd RNA were incubated 

with nUcrococca1 nuclease-treated 1ysate 

for ~O min àt 29°C. Radioactivity 

incorporation (3H-Ieucine) into TCA 

precipitat~s was assessed by the 
f 

method Of~s and Novelli as de-

scribed in Methods (V, 1). Cel1-free 

proteinsynthesis was----.a--1inear func­

tion of added poly (A)+ f RNA (A--A ) 
+ r 

and poly(A)bd RNA ( ........... ) until ~ l 

ug and ~ 3.5 Pg added per 50 }JI of 

incubation mixture 1 respecti vely. The 

data is compared to that obtained for 
" + "poly (a) hom RNA f+-,--'O-; see Fig. l 

also) • 
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Fig. 5. Fluorographic analysis of pep­

tides 1 synthesized by free and membrane-
+ bound polysomal mRNA (poly (A) f RNA and 

poly (A) ~d RNA, 're'specti veiy) r.~ 
Experiment l 

a. Calibration curve of the SDS-PAGE 

gels of Fig. Ga. T~e molecular weight 

standards were as described in Materials 

and Methods. 

b. The spectrum of CB-stained serum pep-

tides (serum) and cytosolic peptides {Cyt) 

is compared to the fJ.uorograph of cell-
S· 

free translation products (2. x 10 cpm 

applied) directed by either poly(A) ~r 
+ ' 

RNA (F.ee) or poly (A) bd RNA (Bd)", The 

radioactive products (3 x 10
4 cpm) from 

a comparable volume oGf endogenous trans­

lation product (7.5 111) is aiso indicated 

(Blk). The fluorographs were exposed fo~ 

10 days. The major translated product 

of poly'(A) ~d RNA (B6 8) had a decreased 

mobility compared to_ that of CB-stained 
1 

serum alb).l1l\in (P65). Only smaii amounts 

of this peptide were . found in the trans­

lation products of poly(1l) ~r RNA (labeled 

by the arrow). In contrast, peptid~ F28 

was found in the :Ç.ianslation pro'ducts of 
+ + poly{A) fr RNA but not poly tA) bd RNA and 

ç:orresponded in mobi'iity to CB-stained 

C28 • A peptide. which appeared shared be-
+ tween' the translation products of poly (A) fr 

RNA ~nd POlY(A)~d mA is. de~ignated BF6l. 

For explanations of labels G and C, see 

~egend of Fig". 2. 
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Fig. 6. Flurographic ana1ysis of pep­

tides synthesized by free and membrane-
u + 

bound po1ysoma1 mRNA (poly(A) fr RNA 

and POlY(A)~d RNA, respectively): 

Experiment 2 

a. Calibration curve of 'the SDS-PAGE 

gels of Fig. 6b. The molecular we.ight 

standards were as described in~Materia1s 

and Methods. ' 

b. Identical experiment to that de­

scribed in Fig. 5 except that different 

mRNA preparations were used. As for 

Fig. 5, the radioactive products (6 x 104 

cpm) from a comJ;farable volume of ,èndo­

genous translation products (21pl) are 

aiso indicated. The notâtions of in-. 
dicated peptides were the same but their 

molecular wei~hts appeared slight1y 

different (e.g. p62, Fig. 6 , as cornpared, 

to P65, Fig. 5). The spectrum of CB­

stained pl:-asma peptides (Plasma) is also 

shown. 
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Fig. 7. Radioactivity.profiles of pep­

tides 'synthesizèd by free and membrane­
+ bound polysomal·mRNA (po1y(A)bd RNA and 

4- -'poly{A)rr,RNA, r~spective1y): 

Experiment 1 

5 x 105 cpm of'trans1ation products 

d~reeted by POlY(A)~d RNA (a).and 2 x 105 
cpm of traps1ation produets direeted by 

+ . 
poly(A)fr RNA (b) were loaded on 5-15% 

1inear gradient SOS-PAGE gels and eut 
\ 

into 2 mm slices for radioaetivity pro­

file determinations (. • ) • 

The radioaetivity profiles of the 
4 1abe1ed products (5 x 10 epm) from a 

comparable v,olume of endogenous trans-
\ 

lat ion products (20 vI) are al~o shown 
,( 0--0. ). 

The radioactivity profile of the 

translation produets synthesized by 
+ poly(A}bd RNA was compared to the pep-

tides of CB-stained serum of whieh the 

major peak (A') eorresponded to rat 

serum album in (A) wi th a slightly de­

eréased mobi1ity. The radio~et~vity 
profile of polypeptides translated from 

+ poly (A) fr ~A" was eo~pared to the pep-
tides of CB-stained cyto~ol. 
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Fig. B. Radioactivity profiles of pep­

tides synthesized by free and 7émbrane­

bound polysomal mRNA (POlY(A)~d RNA 
- + , and poly(a)fr RNA, respect~vely): 

Experiment 2. 

Identical to those experiments de­

scribed in Fig. 7 except that equal 
5 . 

arnounts (2 x 10 cpm) of translation', 
, + 
product~ from poly (A) bd RNA Ca,> and' 
poly(A)fr RNA Cb) were applied ta 'the 

gel (----.. ). Different mRNA pre-

paration~ were used from that described 
in Fig. 7 ta indicate the reproducibility 

of the method. As for Fig. 7, the 

radioactivity: profile from comparable 
volumes of endogenous~translation'pro­

ducts (3 ~ 10 4 cpm) are indicated (0-0 ). 

AlI other notations are otherwise identical 

to Fig. 7. 
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Fig. 9. Radioactivity profiles of"pep­

tides synthesized by free and mérôbrane-
+ bound POlysO!al mRNA {po~ {A} fr RNA 

and poly (~)bd RNA, respfctively): 

Experiment 3. ~ , 

Identical t~ those experiments de­

scribed in Fig. 7 except· that equal 
,- 5 

amounts (2 x 1.0 cpm) of translation , 
+' "'" products from poly (A) bd RNA (a) and 

POlY(A>;r RNA (h) were applied to the 

gel (~ ). Different rnRNA pre­

parations were used from that described 

in F igs. 7 and 8 to indica te the re­

producibili ty of the method. In Fig. 

9a, CB-stained plasma replaced CB-stained 

serum where its major peak (A') cor-, 

responded to rat plasma albumin (A). As 

well, no radioactivity profile 6f en-
/' 

dogenous polypeptides is indicated. AlI 

other notations are otherwise identical 

ta Fig. 7. 
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RESULTS 

l Rat Liver Homogenate 
~~.---

~~ 

The use of 9uanidinium~n1ôêy~~at~ for the isolation 
~-

--------,..---
of rat liver homogénate RNA resulted in an average of 4.8 

+ mg RN~/g liver of which an average of 2.0% was poly(A) RNA 

(Table l, Experiments land 2). Cell-free translation of 
/ 

increasing amounts of this POIYCA>:om RNA by micrococcal 
\ , 

nuclease-treated reticulocyte lysate was linear ~nd repro- , 

ducible until ~ll1g poly (A>:om RNA was added per 50 JlI incul:ia-

tion mixture (Fig. 1). 

Analysis of the translation pro~ucts from 3.5 119 

+ poly(A)hom RNA is illustrated in Figs. 2 and 3 in which two 

different methods of assay were carried out. By the method 

of fluorography (Fig. 2b), a major peptide of ca 64,000 

molecular weight (A64) was observed. Comparison to the pep­

tides of CB-stained rat liver plasma (Fig. 2b) showed a 

major peptide of similar but distinctly 9reater mobility 
" 

(A62) which was plafiima albumine Also of note in t1l.e fluoro-

graph, was a peptide with an apparent molecular weight of 

145,000 (H145) which attested to the marked gentleness of the 

GTC s~stem. The endogenous tran~lation products of 'the 

micrococcal nuclease-treated reticulocyte lysate system 

demonstrated globin as the major product (G" Fig. 2b:Blk) and 

,did not affect the interpretation of the fluorographs of the 

translation products of POlY(A)~om RNA. The identical, 
+ fluorographs from two independent populations of poly(A)hom 

RNA (Fig. 2b, Hom l and Hom 2) emphasized the reproducibilitYl 
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of the RNA isolation procedure. 

The second method of analysis, namely, gel slici~g 

(Fig. 3) confirmed that the major peptide translated by 
+ poly(A)hom RNA was similar in mobil~ty to plasma albumin 

+ (compare the major peak of poly(A)hom RNA,' A64, tô the 

mobility of plasma a1bumin, A, shown on a CB-stained plasma 

sample beneath each graph). From gel slicing, it was ad-
\ 

ditionally possible to determine that in the two experiments, 

31.6% (Fig. 3a) and 30' (Fig. 3b) of the total translation 

product corresponded to this maj~r peptide A64. l 

II Rat Liver Free and Membrane-Bound Polys,.om~s 

The use of guanidinium thiocyanate for the isolation of 

rat liver free and membràné~bound polysomal RNA resulted in 

an average of 1.1 mg ~ and 2.2 mg RN~d/g li ver 
, + 

of which an average of 2.2% was poly(A)fr RNA and 1.6% was 

lsamPle Calculation of the proportion of 

POlY(A)~om RNA translation product in 
peptide,A64 for the e~eriment described 
in Fig.\ 3a. That is, 1 

Propor~ion of albumin 
synthesi2:ed by 

+ poly (A) hom l'RNA 

= cpm in gel slice~ 31-36 
cprn in total cpm in endo-

'translation genous trans-
products - lation pro-
(gel siiees duets 
1-87)' 

x 

= 53,392.5 cprn 
198,243 cpm-29,596 'cpm X 100 

= 31.6% 

100 

.":tUt "I!lt r -. 

'1 
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1 
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, i 



Cl, 

) 

~--- ... -... ~-_-.---"",-

+ pOly(A)bd RNA, respectively (Table 2, EXperiments l, 2 and 

3). Cell-free translation of increasing amounts of POIY~A);r 
- + RNA and poly(A)bd RNA by micrococcal nuclease-treated reticu~ 

1 

+ locyte lysate was linear until ca 1 pg poly(A)f RNA and ca 
-- r 

+ 3.5 ~g poly(A)bd RNA,added'per 50 ~l incubation mixture 

{Fig. 4). 

Analysis of the translation products from 3.5 ~g 
. + + 

poly (A) bd RNA and l l1g poly (A) fr RNA (!.,igs. 5.and 8: Free and 
+ + Bound);. and 5 119,poly(A)bd RNA and 3,.5 ].Ig poly(A) fr RNA 

(Figs. 6 and 9; ~~ee & Boun~) was·determined b~ two met~ods 

of assay (Fluorography:Figs. 5 and 6; Gel slicing:Fig. 8 and 

9) • 

By the method of' fluorography, the major translated 

peptide + of poly (A) bd RNA of ~ 68,000 or 64,000 molecular 

weight (B68, Fig. Sb and B64, Fig. 6b, respective.ly) was ob-

served to be similar but of a distinctly lesser mobility when 

compared to that of CB-stained serum albumin (p6S, Fig. Sb) 

or CB-stained plasma albumin (P62, Fig. 6b). Only small 

amounts of this peptide were found in the translation pro~ 

,+ ') ducts of p~ly(A)fr RNA (labeled by the arrow, F~g~.5b and 6b • 

In contrast, peptide F28 (Fig. Sb) or F27 {Fig. 6b} was 

found in the translation products of ~OlY(A)~r RNA but not 

+ poly(A)bd RNA and corresponded in mobility to CB-stained C28 

(Fig. Sb) or C27 (Fig. 6b). .A peptide observed to be shared 

between the translation products of POlY(A)~r RNA and 
. + 

poly(A)bd RNA was indicated as BF 61 (Fig. 5) or BF 57 (Fig.6). 
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-
The endogenous translation products of the micrococcal 

nuclease-treated reticulocyte syste~ dernonstrate.d gJ.obin 

as the-major product {G, Figs. Sb and 6b:Blk) and did not 

affect the- int'erpretation of the resu'l ts of fI uorogtaphs of . , 

either + + poly(A) fr RNA or POly(A)bd RNA. Therefore, wi~n 
. 

the limits of the ,methods of analysis,'the similar fluorg-

graphs of peptides directed by independent populations' of 

+ '+ poly(A)fr RNA or poly(A)bd RNA refle~ted the reproducibility 

of the RNA isolation procedure. 

T~Oug~ th§!~ molecular weights . of analagous peptide pro­

ducts indicated that the peptides of Figs. Sb and 6b differed 

sl~ghtlYI this difference was at most 6.6% (i.e., % differ­

ence between BF6l of Fig. Sb and BF57 of Fig. 6b)qan be 

accounted for on the basis of differing gel conditions. 

The translation products from a third popuiation of 
,+ + 

P?ly{A)fr RNA and poly(A)bd RNA were aiso analyzed by the 

second method of analysis, namely, gel slic~ng where the 
.-

third 'set of translation products were directed by 3.5 ').19 

+ + poly(A)bd RNA and 2 1Jg poly(A) fr RNA (Figs.7a and b, respec-

tively}. 

Radio~ctivity profile determinations (Figs. 7, 8 and 9) 

confirmed that the major pept~d~. translated by POly(A)~d 

(peak At in Figs. 7a, Sa and 9a) was similar in mobility to 

serum' (Figs. 7a , Sa) or plasma (Fi~. 9a) albumine From gel 

slicing, it was additionally possible todetermine that in 

the three experiments, 30.3t (F19'~ 7a), 30.7% {F.ig .. Sa) and' 

23.5% (Fig. 9al of the total translation product c~rresfondeu------
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to. this major peptide, A,.2 
. 

From both 'fluorography (Figs. Sb and 6b)" and gel slicing . , 
(Figs. 7b, ab and ~B), it was observed that l.ittle radioac­

tivity was associated with the major peptide (aibumin) as 

synthesized by p01Y(A);r RNA. Indéed, strict accounting of the 

radioactÏvity which appeared in gel sliees of the albumin zone 

as directed by poly (A);r RNA, confinned the overwhelming - \ 

synthesis'of' al.bumin by pOly(A);d RNA. Thus in the experiment., 

of the total radioactivity in the albumin zone (Fig. 7) 77% 
+.----- -' + 

was direeted by poly (A) bd RNA and 23% by poly (A) fr RNA; in 
+ '+ 

Fig.riS, 74% by poly(A)bd RNA :nd 26% by poly(A)fr RNA; and 
+ + 3 in Fig: 9, 77% by pOly (A) bd RNA and 23% by poly (A) fr RNA.' , 

" 
2sample Calculation of the proportion of poly(A)bd RNA 

translation product in peptide AI. Example: Fig. 7a. 

c:pn in 9If!1 sUces 120-128 X 100 
cpm in ~transla- c:pn in enèbgenau9 \ 

'" tien p:roêiucts (gel' transl.atial p:r:od\J::ts 
slices 1-88) (gel slioes 1-87) 

= "79,920.4 9Em . 
285,807 cpm'- 22,319.9 cprn 

= 30.3% 

3Samp1e calcu1ation for the radioaet~~ present in 
the albumin zone~ Elfample: Fii. ,9. . '-./ 0 

Fig. 9a cpm in albumin zone as directed by P01Y(A)~d RNA = 
gel sliees 28-35=46,559.8 epm ' 

Fig. 9b cpm in albumin zone as' directed by P01Y(A>ir RNA = 
gel sliees 28-35=13,675,8 cpm ," 

X 100 

. '-- + _ 46,5,59.8 cpm 
%. made by polr CA) bd RNA - <T46-:;"':"'. 5:iM5"9~ .. -:8-·;",cp""m----:+-;"Z'3-, 6r.;Z::nS=-.""liI8~cp-m- X 100= 77% 

+ = 1~,675'çpm 
% made by poly(A)fr RNA 13,675.8' êpm + 46,-55-9-.8 êpni JLlJlO,::2~_~ 
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DISCUSSION ~ 

The 'experLmental protocol consist~d of the isolation of 

~at liver homogenate, fx:ee and membrane-bound polysomal RNA 
/ 

following a detailed comprehen~ive modification and applica-
/ 

tion, of the GTC procedure of' Chirgwin et ~l. to rat liver 
r ~ u 

(Ullrich 'èt al., 1977).. " 

The RNA was ethanol precipitated and subsequently chroma-

~./' tographed. through 01i90 (dT) -cellu~ose tO aelectively i~olate' 

pàly (A) + RNA, a well-known marker of mRNA. . mRNA is -- the' only 

class of RNA which"posse~ses~a ~~-~ail of-p,0lyadenylic acid 

residues (Brawerman, 1976;Darnell et al., 1973). 

The freshly prepared "POIY (~) ~ RNÀ' was tr~slated in the 

micrococcal nuclease-treat~ rabbit reticulocyte lysate cell­

free translation system ~ontaining one labeled amino'acid, . 

3U-leucine, ~d the other remaining nineteen cold ~no acids. 

T~e cellular levels and origin of synthesis ot ~e pep-

./ 

tide products were determined'quantitatively'by radioactivity .,,\ 

profiÎes of SDS-PAGS's and qualitatively by fluorography of~ : . , 

ge'ls. Gêl profilès C?f the translation products were always . 

compared, ta the electrophore tic spectrum of either the major.,/ . 

classes of secreted pro teins (rat liver plasma) or sedentary : , . , , 

(liver cytosolic peptide).4 pro teins 
," 

.. 
" 

4This is .. a simplification s~nce lysosomal content pro-
teins may be considered as a special Q clase of secretory pro-

, . ~ 

• 

teins (Palade, 1975). 'They have not been analfzed by this 
author.AS weIl, transmembrane proteins -might a180 be <;:on-" 
sidered ta be éJ,nother spec~aI olass of secretory proteins : 
(Berqeron et '"al~. 1975; ---Bbgérs et al. , 1980). Never't:b-el"""e--s"'s-, ~,-
the peptides' cnosen for compart8on, 'namely; pl'asm. hlecre-' " l' 

toJ;Y) . an(l cytosol (sedent~ryJ seemed reason~lè~' and E»CPeri-
l'Aentally~ ·feasil?le. ' " . 
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/' 

One of the purposes of this wark was to det~rmine 
,( 

, . 
whether or nat the mRNA iso1at,ed by GTC wa~, superior ,to 

that extracted by phenal-ch1oroform. If 

could prove to be a valuable 'taoi in the 

elueidation of membrane biogenesis. 

1. Homogenate rnRNA \.., 

so, the use of 
}. 

, ~ 
investiga tian 

~ -G> .... 

oThe homogenate RNA's which e~ut;ed from 01ig~ d(T)-

GTC 

and 

~e11~lose columns with a wash of a non-salt buffer designated 

,1 as Pc!!1CA) ~~m RNA' s (':['~ble l, Re~u+ts) were chosen to be 

translatèd sinee their OD260nm:OD280 nm ratios, i.e., 2.24 
< , 

and 2.08, respectively, indicated the sufficient removal of 

péptides fram the RNA (Warburg and Christian, 1941). 'l'here­

+ fore, these po1y(A)hom RNA samples were trans1ated. 
c 

The RNA yield of 4.8 mg RN~om Ig rat liver wet wt. was . ' 

'là~er than t at,of, ~ther'-investigators who had usep the phenol-

chloroform me od (Pain et al., 1974; B10bei and potter, 19,67/ , 

Keller and Tay 1976) • However, the 2.0 % recovery of 

~aly (A)~om' RNA , as comparable to other investigators who have 

used the J;?heno1- loroform procedure .(e.g., Rachubinski et al., 

1980) • 

'- Two criteria w~ich attested to the v"alidity.of mRNA 

,tl;ans1ation by vitro translation 
.. ' ~ 1 ..::: 

system were the exo­

as wel~ as the re-genous) . mlmA depend ney of the system 

. , ·producibility. ~bf tran~a~i~n. / ... 
• 0 

. " ''l'hus', it was shown i"ncorpor~tion of 3H-leucine 
, ' - ; ,~ 

, into hot TÇA precipitate was: dependent on' ,the ad4i~ion o'f, 
" 

1" ,+ 
~lY ,(1\) hom 

of','O-l 11<1 ~A' yith .sat\1rat 
, ~. 

l' • 

" 

respon~~ waS .notecl in th~· ran9~ 

\ 
'\ 

" 

r 
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+ poly (A) h RNA added. These results were identical over two - om 

separate experiments (F ig. 1 of Resul ts) . 

The translation pr0ducts were vi~ualized by fluorography 

(method of Laskey and Mills) and compared "to CB-stained pro-
o _ • 

files of the "major ~ynthetic products of -the liver, namely 
c' 

the plasma prote'ins (Bergeron et al., 1978; Crane and Miller, 

1974; Miller et al:., 1954: Glaumann and Ericsson, 1970; 

Glaumann et al., 1975; Jones et al., 1967; Miller and BaIe, 

1954; Miller et al., 1954; Morgan and Peters, 1971~ Noel and 
, J 

Rubenstein,"1974; Peters et al., 1971; Re?rnan et al., 1975). 

Therefore, the integrity of the rat liver mRNA was established 
, .-/" 

by the abili ty,/of the mRNA to direct ,the synthesis of the (, 

marker prote'ins of the li ver as wel1 as large peptides. 

f-

. :'/ 
'" F1uorographic analysis of cell-free translation products 

directed by rat liver poly (A) Cm RNA ~rom two separate experi­

ments showed an f.dentical spectrœn of radioactive products 

wi th a major band running close to the mobility of serum or 

plasma a1bumin~ Close analysis reveal~d that this major radio­

labeled band had a mobili ty 'slightly less thàn that of plasma 
, 

a1bumin equi valent to a differencè i? molecular weight of 
- . 

~-~-"" 

ca 2,000 (Fig. 2, Results). Such a d3fference is equivalent 

ta the prepro sequence of albumin which is comprised of ca -. -
, .-/" , 

24 amino acids (Strauss, 1977; Raehubinski et al., 1~80) and 

would not be PX'ocessed ~y the reticulocyte lysate system 

(Shields and B.lobe1, 19711 S:Q.ore et -al.,; 1919). Of note in 

the fluorograph:[c analysis, were' bands up to 145,000 in 
1'1' ,..~~~ ~/ 

mçlec~lar w~i9ht ~hich w~re easiiy visualize~. This is 

,- -
< 
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clearly superior to translation products using phenol-.. 
chloroform to ,-iso1ate rnRNA (e. g. 1 compare Fig. 3 of Rachu­

binski et al .. 1 1980 or Fig. 2 of Goldman and Blobel, 1978 ta -

Fig .. 2, of present results). 

Rad:i:oactivity gel profile determinations enabled 

direct quantitative ana1ysis of translation products. The 

major peak, A64, of Figs. 3a ap.d b was judged to be 30. 8% 

(average) of the total translation products. This value, 

30.8%, was markedly superior to that found by those inves­

tigators.who used phenol-chloroform to isol~ liver mRN1\ 
c 

(Table 3). Indeed, th,e results even -exceedèd the highest 

.. l 5 f % lb' th' d dt' d by' 1n Vl.VO va ue 0 a unan syn eS1ze as e erml.ne 

Keller and Taylor (1976) as ~3% (Table 3)., ----' 

In Tab-1e 3, aIl the in vi'tro values of % albumin syn-: 

\ thesized with the exception of the author' s val~e, were ob-

- taine,d through the use of the p~enol-chloroform roRNA ex­

traction pro ce-dure • 

The obvious discrepancy between the au thor' s in vi tro 

value of % alburnin synthesized, 30.8%, and the ~ther in vitro 

values, e.9., ma:x:imum 13% (see Table 3) implied ,that the GTC 

SAlI estimates made thus far by investigators on the 
amount of -a""lbUndn synt~esized 'by liver as a proportion of 
totalt>protein synthetic products of liver must he considered 
D_ighly suspect. '!'hese values (see Té;\ble 3) ,are usually 
oased . on .inununopr~cip~ tates , They have _ not, howeveX', . 

. satiafied e.ven the most, t:!lementary of criteria to ensure 
that th~ immunoprecipitation was quantitative and comp~ete. 
The ~ore correct' -way, to assess %. alb.umin i:p. U. ver ~ynthetic 
-products should have be~, by competitive ï:adioiriununouEfay as,' 

, described ,by -Yalow "(l9.78) • - , 

,"' 

,~, H .. 

l ' 
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Table 3 

~""""""?,.'l"W'~~ ....... ~ ''r''~~''!i,!:F~I~~''l''''*'~~~~~-':.f'f'ti~~'''''''l-''''''-''"i"'~_..,_.". .. r.." ... ~ ..... ;1- ....... ~ ... ~~~~~$.'''MIMI: 

, 

~ 

-.(~ 
""",' 

'\ 

\ 

;l 

1 
\ , 

"In 'vivo and in vitro experimental comparisons of the proportion of a1bumin synthesized, by 

AuthqrÎi;' 

1. Sctu:èiber ~., 1971' 

~2., Rachubinski, 1978 

.~3;"~ and Papao:m­
- st:ant:inou, 1979' 

4-. Peters and Peters, 1972 

5~ -,~vy,et al., 1978, 

;, , C/\ 
, 6~ '!'se and Taylor, 1977 ' 

v .. ~ and Taylor, ~976 

. 8. (authbr) Pam', 1980 
\ .. 

liVer homogenate mRNA relative to total synthesized peptides 

Tissœ mRNA m'RNA isolation 
fracticn, procedure 

-~ 
--/ 

in vi tin Experi.ITent 
Estimating % Alburninl 
'lbtal Li ver Peptiœs 

in vitro 
% Ali{' 
Pt'Ot.r 

in vivo 

~~, 
rat livèr ----- in vivo ------ ----.----- 3.5% 

- rat llver hœogenate 

nouse llver hatOgeIlélte 
~~ _ ... -

rat liver 
" 

pheno1-chlo:ro­
fonn 

phenol-chloro­
fOl:nv'CSCl 
density 
œntrifugaticn 

in vitro translation: reat genn extract 

:k vitro translation: 
wheat genn extract 

3.6% 

4.5% 

in vivo -------------------------------

rat liver hœogenate ". phenol-chloro- / in v:i.tIO translation: 9.5% 
fonn ~) reticulocyte lysates 

,~ and cr:NA hybridizatian 

- 10.9% 

'. 

tat 1iver in \r.i~ --------,----~----------------- 12% 

rat liver 

rat liver 

rat 1iver 

" 

harogenaté , phenol-chloro­
fom 

~te guanidinitm 
thiocyanate/ 
CsCI density 

in vi tJ::o trcmslatioo: 
wheat genn extract 

in vivo 

in vitro translaticn: 
reticul.QCyte 1ysates 

œnt;rlf1.:r:Jatiai 

9.6% -

13% 

30.8% 

\ 

.,' 

0'\ 
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method w~s superior to the phenol-chloroform extraction pro­

cedure tor the isolation of mRNA. However, this conclusion 

could on1y be made definite upon comparison of the GTC method 

to a method employing.the Cscl density centrifugation along 

with phenol extraction therebY,enabling a direct comparison 

between the efficacy of mRNA isol~tion by guanidinium thio-

cyanate to that of phenol-eh~orofom. 

In 1979, Brown-and Papaconstantinou iso1ated totàl liver 

mRNA by phenol-~hloroform extraction with immediate centri- . 

1 fugation of the final aqueous phase using CsCI (5. 7M) • Their 

results showed the in vitro % albumin synthesized value te 
• r'" 

he 4.5% in contrast to the authPr's value of 30.8%. 

Sinee the CsCI density cen~rifUgation technique provides 
, 

a system wherein RNA can be is.ptated free of contaminants 

under a singly gentle condition, it lS therefore hightly pro­

bable te surmise that the great discrepancy in the in ~itro % 

albumin synthesized values between ,tne author and the cited 

investigators was i~deed due to the harsh conditions of the 

phenol-chloroform.teehnique as weIl as its inability to in­

activate RNAse activity. 
~ 

It is therefore concluded that the G~C procedure for 

the isolation of rat liver homogenate rnRNA i5 vastly superior 

to the traditional phenol-chioroform method. It is further­

more predicted that when assessment of total protein syn­

thesis by liver 'is c,arried out with< a reasonable degree of 
" ' 

SOph1st1catia~1 'i.e., by careful rad!o~unoassay assay (see 

,,' 

( 
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Ya1\ow, 1978), then at Ieast 31% of the_i:otal.protein syn­

thesis by liver could be attributed to albumin. 6 

For'any future studies on membrane biogenesis, however, 

the validity of GTC method wou1d have to be determined for , ~ 

the free and membrane-bound pblysomai mRNA. 

II Free and Membrane-bound Polysomal rnRNA 

Before deterrnining the validity of the GTC·method for 

the isolation of free and membrane-bo~d polysomal rnRNA, it 

was necessary to choose a method which could iso1ate free 

and membrane-bound pOI.~somes)n proportions representative 

of their in vivo levels. 

The preparation of polysomes by isopynic eentrifuga­

,tian of a postmi tochortdrial supernatant' fraction (Bergeron - , 

et al., 1975; Biobei and Patter, 1967; Shafritz, 1973) had 

been favored by investigators for severa1 years sinee this 
( 

fraction was ~elatively_free of nuc1ease-containing organe~les 

(Roth, 1967) and possessed a nuclease inhibitor (Roth, 1956; 
\ 
\ 

.6A simple calculation reveals that such an estimate is 
not unreasonaQle. The author's proportion of mernbrane-bound 
to free polysomes in the 1,iver was ca 2: 1 (see Table 2 of 
Results and footnote 7; see also Ramsey and Steele, 1977). 
Most of the membrane-bound polysomes are inv91ved in thesyn­
thesis of secretory proteins- most of which are the plasma 
pept-ides (see fig_ 4 of Bergeron et al., 1978).. Albwnin 
represents ca 47% of the total protein in plasma (Sheving 
et'al., 1968f. Therefore,> on t~ese grounds alone it can be 
speculated that the amount of albumin sy'nthesized by the 
live~ is appro&imately the product of th~ proportion of 
membra~e-bound 'polysames mUltiplied by tlie proportion of al­
b~in in plasma, i.e., .67 x .47 = .31 x _100 ~ 31'. Th~re­
fore, more than ,a ~ird of the total proteins synthesized by 
liver could be a1bumin. Clearly, a careful' 'in· vivo study 
of the prOportion of albumin made by the-liver ls requir~. 

--
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Bond et al., 1965). However, one problem which confrônted 

investigators who wished to obtain a quantitative yield of 

rnembrane-boun~ poly.som~~'wa~ that the conventional'prepara-
. . '. ,) 

tion of polysomes from a postmi tochondrial supe~natant frac-

tion (Bergeron et al., 1975; Blobel and Potter, 1967; Shaf­

ritz, 1973) r.esulted in recoveries 90 and 30 % of the total 

fr~e and membrane-bound polysames, respectd..vely (Blobel and 

Potter, 1967) thereby yielding unrepr.esentative membrane-baund 

polysamal fractions. 

In 1976, Ramsey and Stee1e out1ined a metheq for the 

isolation of _polysames from whole rat liver homogenates by 

means of differential sedimentation as the ,key step for the 

separa tion of free and membrane-bound polysomes. This tech­

nique yielded a ~ 95% recov~ry of total polysomes from 

the sum of free and memb~ane-bound polysomes (Ramsey and 

Ste~le, 1976). One minor problern as found by Rachubinski 

(1978) in the methad of ~amsey and Steele consisted of the 

addition of detergent where this step increased RNAse activ-

ity, presumably through·, the liberation of lysosome-bound en- .. 

zymes .~ \ 

Therefare, it was decided to employ Rachubinski et al~ 's 

modified version (i.e,.' no detergent treatment} of Ramsey 
" , 

and Steele 1 s technique of polysomal isolation (Rachubin-

ski et ,al. ,. 1980) • 

lin ~n ' 

Thu~ fal1owi~g_ the separation of free and membran~-bo~g" J, 

- polysomes by Rachubinski et al' s modification, 1 RNA was pre-
" 

pared frQI!' ,the respective polysomal populations (Methods IV, 

, , 

(. 
" .... '-- -..,.~ . 
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lb and c) by the GTC procedure. Using the average values of 

mg RNA (free or membr,ane-bound) /g liver wet ,~eight (Tabl:e 2) 1 

it was calcu1ated that the free' and membrane-bound polysomes 

7 
comprised 33 and 67%, respecti vely, of the total polysornes. 

These proportions are comparable to the estimates of other 

workers who 'also determined the proportion of these polysomal 

classe~ in' liver. That is, the proportions of free and 

rnembrane-bound polysomes, respect~:vely, were shown by Bergeron 

et al. (1975) ta be ~2 ànd 78%, by Blobel and potter' (1967) 

and Ramsey and Stee1e (1976) to be 25 and 75%', by Ramsey and 

Steele (19?7) te be 33 ~nd 67%, by Venkatse~ and Stee1e (1972) 

to be 34 and 66% and Pain et ,al. (1-974) to be 41 and 59%. 
-

The use of GTC for the isolation of rat liver free and 

membrane-bound poly~omal RNA, res~lted in an average recovery 

+ + ' 1 of 2.2% poly(A) fr RNA and 1.6% polY(Albd RNA (Table 2) after 

passing each polysomal RNA population through 'an 01igo d (T) -

cellulose column. These values ,agreed with the aforementioned 

homogenate values (Table 1) as weIl as the polysomal estimates 

7 Ca1culations from Table 2 

Membrane~bound polysames: 

% 

% 

Free polysames: 

'Sound' pOlysomes:2.2 mg 
3.3 mg 

free polysomes :1.1 mg 

, ' . . , 

3.3,mg 

.. 

2.2 mg 
1.1 m2 
3.3 mg 

RNA7g 
:RNA g 
RNALg 
RNA(g 

of Results: 

RNA/g liv~r 
RUAIS liver 
RNA/g l~ver 

liver 
liver 

x IpO = 67% 

liver x 100 
. 
= 33% 

liver 

•.. ," . 

---
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, + 
of other workers for the recovery of poly iA) RNA (Rachubinski 

et "al., 1-980; Keller and Taylor, 1916). 
. \ + 

Translation of poly (A);r RNA and poly (A) bd RNA revealed 

that protein synthesis was a 1inear funcition of the Flddi tion 

+ ' of poly(A) RN;A from either polysorna1 class in the range 0-1 

+ lIg for poly (A) fr RNA 

saturation occurring 

+ 
, poly (A) bd RNA added. 

. / + 
and 0-3.5 l1g for poly (A) bd RNA with 

) + 
at ~2lJg po1Y(A) fr RNA and> ca 5 l1g 

However, the slope of the various mRNA-dependency curves 
,+ + 

(Fig. 4) rnarkedly differed for poly(A)bd RNA and poly(A) fr 

RNA. This cou1d be explained by the presence of a signifi-
. ... + 

cant amount of poly (A) RNA in poly (A~ bd RNA which had not 

participated in protein synt:hesis, Le., evidence for sorne 

degraded rnRNA in- poly (A) ~d RNA. B The similar slopes of the 

~A dependency c~r:ves for' poly (A};r RN~ àfih poly (A) ~orn RNA 
,-

(Fig. 4) indicated; in contrast,. the 1ack of significantly' 

degraded free polysornal mRNA. 

It is difiicu1t to compare these results with other 

investigators. That is, a:lthough Rachubinski et al f (1980) 

compared the translational ability of the' free and 'rne~rane­

bound'polysomal ,mRNA of. rat liver by comparing the 

8Alternatively,: à less likely situation" is that either 

a factor ~hich co~urified with P()lY(A)~d RNA had lmarkedly 
• , , c 

.inhibited pro te in synthesis' oro'some property, of "the secondary , + . 
. structure. of al;! poly (A) bd RNA 1 ~ as opposed to that of 

c po~:y (A);r RNA 1 ~ • + \ However, ~s., poly (A) :om RNA: 18 main'lY com­

. posed of poly(A) bd RNA (~ootnote 7) th,is would se.em ta make 

these eXPlana~emelY unli~ely. 
. \ 

.'" , 
,~ r" _, 

, . 

'\ 
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respective values of 3H-1eucine incorporation as dpm/pg 
" ' 

+ .' poly(A) RNA they, as weIl as other workers (e.g. Bergeron 

et al., 1975; Fab~r ~t-al., ~974; Shafritz, 1973; Shore and 

Harris, 1977), did not determine the mRNA dependency of 

their translation systems~ sa that it was not possible to 

clearly estimate' the integrity of tqeir mRNA populations. 

". -lIowever, it is noteworthy that Taylor and Schimke (1973) 
r, '\ 

, , !ou~d non-mRNA dependency of their retipulocyte lysate trans-
î 

lational system (untreated with micrococcal nuclease) follow-

ing the addition of exogenouS rat liver (total) polysomal 

mRNA (see Table 1, Taylor and Schimke, 1973) .'- N~verthe1ess, 

a comparisoQ (see Fi9~. 7, 8 and 9~ te the representative 
. , 

results of Rachubinski et al. (1980) (s~~ T~ble 1) indicates 

the vapt superiority of the polY(A)~d RNA as isolated by the 
" + 

'GTC method to poly(A)bd RNA as isolated by the phenol-chloroform 
, 

rnethod. 

Fluorographic analysis of cell-fre'e trans,lation prQducts 
+ ,+ 

directed by rat liver po1y(A) fr RNA and poly(A)bd RNA as 

- isolated by GTC t'rom two different experiments showed rela­

tivèly identical spectrwms of ,radioactive prOdjcts, re~pec-, 

tively (Fiqs. 5 and 6). Close anal~sis of the translation 
. . + 

product~ons of poly(A)bd RNA revealed the near-exclusive'syn-

thesis of a major rad~olabeled b~~d with a sliqhtly slo~er 

mobility than that of plasma (or ~erum) albumin equivalent • 

. 1:0 a di_fferenoe in molecular weight of !!. 2,000 (Figs. 5 and 

,6). This difference would be aceounted for by the 'prepro 

, leader sequence o~,_albumin, i.e., 24 amino acide (strauss, 

• j 

"} .. ~.;.?:. 

}~r/ 
~:;L ,,' . 
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1978) which would not be ~ected to be .processed b~ the 

reticulocyte lysate translation system (Shields al1ç~ Blohel" 
. 

19,77 ~ . S~Qie. et a:t:;.-,· 1979). In contrast, analysis of the 
. + 

fluorograp~s of peptides trans1ated by poly(A)fr RNA showed 

the presence of on1y a minor amount of this peptide. 

F1uorography revealed the exclusive synthesis of a 

peptide 'directed!by POlY(A)+f RNA (ca 27,500 mOlecular 
1 r - 1 . . 

weight) which corresponded exactly in mobi1ity rith a pep-
• 

tide found in the cytosolic fraction of rat 1iver (Figs. 5,·,' 

and 6). As weIl, a labe1ed peptide such as that of mobility 

~ 59,000 molecular.'weight appeared to be directed by both" 
+. + 9 PQ1y(A)fr RNA and poly(A)bd RNA. It is significant that 

such synthesis might be expected for peptides possessing an 

~ , 9The molecular+weight of the peptide exclusively syn­
thesized by poly(A)f 'RNA was determined by two sets of 
experiments (see FigS. 5 and 6). In one set, the molj3cular 
weight of the~ labeled pepti.de, F28, was found to be 28,000 
which corresponded to the CB-stained, cytosolic peptide, C2a, 
a1so of 28,000 molecular weight, (Fig. 5). Though Fig. 6 
showed the equivalent /peptide', the molecular weights of the 
labeled and cytosolic peptide were found to be 27,000 (F27 
and C27, respectively). The % difference of the two molecu­
lar weight determinations was '3.6% which can be accounted for, 
by the limitations of SDS-PAGE. , ','" 

. This consideration ~ould also be appl~ed to the:peptide 
d1rected by both poly (A) RNA and poly (A) RNA where one 
experiment found the labè~ed peptide BF61 ~g be 61,000 in 
molecular weight (~ig. 5) -and in anothe~ experiment the 
peptide, BF57, to be 57,000 in molecular weigh~ (Fig. 6? 
which yielded a 6.6% molecular weight difference. 

" 

rhllun'" , 
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internaI signal sequence e. q. ovalbumin (Lingappa et al., 

1979) '.10 

The radioactivity of gel prQfile determinations enabled , 
" 

direct quantitative analysis of translation p;"oducts. Ex-

amination of the radioactivity gel profile dete:Î1ninati.-ons of 

rat liver poly (A)~d RNA translation products revealed ,that 
, 

the major peak, A' (Figures 7a, Sa and 9a), was judqed to be 

30.3, 30.7 and 23.5%, respectively, of the total translation 

products. Therefore,~ the average. value of % -albumin syn­

thesized by GTC isolated rat liver poly (A)~d RNA, 28.~%, was 
) .. 

markedly higher than that as determined by other workers} 
. 

(see Table 4) where the highest previous value was obtained 

lOLingappa et -al. (1979) found that ChickEfn ovalbumin 
possessed an internai sequence as deterinine,d by testing 

:' l' 't 

the ability of tryptic' 9valbumin fragments to inhibi t the 
translocation of/preprolactin. From their work, this author 
predicted' that the first 65. 7% of thè ovalbumin molecule' is 
made on free polysomes and that the remaining 34 i 3%' on 
membrane-bound polysomes. That i'S, since ovalbumin consists 
of amino acid .res i dues , 1-3 85, and the signal sequence bears ' . 
amino acids residuee, 234-253, ' 

• I~, 253 amino acids :'J 
• • % ovalbumin made on free polysomes: 385 amino acide ~ 100- 65. " % 

and % ovalbumin made on ~ bound' ~p lysomes: ~32 ami.no acids X 100-34.3% 
~ , , 85 âiïiii1ô aciâS ' ' 

The firet portion inc1uded the signal sequence since-the -
free polys<;lll\es are- only dire-eted to the endop+asmic, retic:ul~ 
after the synth$sis of the signal sequence (&lobel and 
Dobberstein, 1975). ~ 

/Note -tIl~t "a testinq ôf this "prediction oou).d 'he' màde, ':. 
foll:&wing the methods' out1ined in tllis thesis. That' is, to 
detérm'ine the polYSbmal ori9i~ 011 ova1bumi~ bl" 'tran~l~tion of

r 

oviduct poly CA);r RNA and. po;Iy (A) ~d~. This then t - \fOule! ' -
resolve the con~roversy betw'ee~ P~Im1b~r {MeElk'et' a1 • .; 1980) 

• ~d Blchel ,(B1obel and I)obberstein l,. 1975). 

,\- ' 

, 
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·mRNA Fraction ,;; 

bound polysomes: 
(postmitochondrial 
supernatan1:) 

rough miorosomes 
'(postnuclear 
supernatant) 

bound p01ysomes 
(postmitochondria~ 

,supernatant) 

bound polysoIDéS 
(Ramsey and Steele, 
1976) .. 

bound polysomes 
(Ramsey and Steel.e, 
1976) 
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CaCl density 
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tion 

\ 

Experimen-t: 
estimating % 
AlbuminjTotal 
Li ver Peptides 

in vitro translation: 
KC1-treated reti­
culocyte r~bosomes 

/ 

in vitro translation: 
retlculocyte lysates 

in vitro-translation: 
'retiqûlocyte lysates 

in vitro transl.ation: 
wheat germ extra ct 

in vitro translation: 
ret1culocyte,lysates 
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by Rachubinski et al., (1980). Most of ~ae workera 180-
, " 

lated membrane-bound po1~so~1 m..'qNA via pbenpl'l-Ch1oroform . 
, ,i' 

extraction (Shafritz used phenol-cresol extraotion an~ Faber, 

1974, usedyPhenol-SDS).. Th~refore, Table 4 c1èar1y il:­

lustrated thte abi1ity of GTC ta, isolate more intact ppl.ysomal. , 

mRNA than phena1-chl.aroform extra~tion. 

~dioa~tivity gel profil~ determinat10ris of-rat livar' 
, + . ,,' ' 

po1y(A)fr RNA translation pr~duçts rev~aled litt~e asso~ia-

tian of radiQ~crtivity in the al.b~in zone - (see footnote 3," of' 
, ~ L " Q 

Results) • 

with' the albumin zone rel~~ive to il total radioa~tivity, gel 
1 

profile, i.e., total. s;Ynt;hesized peptides,-was found to ~, 
- ... -- - , ... ., + - , 

,1 an, average of 76% as synthe8i~ed ~Y po1y (A) bd RNA '~d 24' as 

syn€hesized by, poIY(A):r RNA. Rach~inski .~t',l. (1980) de-
'" 

termÎtned' these ~alues more sp~c~ficall.y by tëhe use ~f DlQno-
% ~ , - ~ , 

" 

specifie a,lbumin, antibodies. Anti-albumip. iÎmùunoprecipi tates 1 
" • 1 

of the transl.atio~ proQupts di~ected ,~ither by phenol-C?hl.oroform 
.. l> ~ , , . + " + . 

extraft~ ,r~t "liver pol,y (A) fr RNA o~ ~ly (A),bd RNA w~re' ana- -

lyzed: by radioêtPtivity gel. prof,ile detèrminations. ,Rach~in-
) " 1 

! ~ 1 1 I~ ~ÇI. • ~ _ 

ski et al.. (l.~ao) found that >90% of' the radioactivity Çlf the 
o', ~ , • 

\ i~unoprecipi t~tes was," s~theSized ,b~ poly (A):d RNA And 10% ,,'~~ 
\y,y polY(~);r ~~ , Xf molio~p~ci~ic 'â~umin antib~ie,~ h~d ~~en '" ~-J 

"'~sed ~' ~4r~d~Pitate ~~,;t~ans1ation: prd~û9t~" 'o~, ~~ l,'. .' '; 
,~~. , '+-' .' +,~'.. 

lis , ~ted rat 'Jiver pol~(A)'fr ':aNA-"~r' .PO~Y~bd·,Rt:'1!\~,:~~ '~~~ : ,-",' _, 
.. ~" • -, ~ - ~ ... ,,~ - 1 ~ '.,'."" ,~ .... '" l ,~~ .... ""'" 

o~radioacti vî.:t.y ,as~O:c.tilt.4 w~~ _ibUJJ11fi \"oul~'- prqb~l~':: in- /':~'.: S~:;~i':~~~ 
.' ~ r,' .~.' _' 1 >' .,. ,~~ )"1"1" .... , .. 1'-, .", , ", ~ "'"',1 ~~ ,-~" l.o~":";,, 1~L~,,,,,,,(t·::,L'~,11..,' 

.~':,~- < > ;:,' .... "":' ~!!~$f!, ~.~tJ.c~:ù~iY ):~':"~,,é :~~~~q~#t~:v~~y,g.j:,~~~~: ';t~'.'~~~ ':.~:':.':~:;/ i~~t~ 
.' ~ '_' /:,..,;~ :~?""I '~l, ~ .~;:,,~:,~ ~J:,~,,'<-_~ ::,:cr, .. ~ '-,:,1 ~/<ç;'~~\~vl~'~,I.~.} :~;'~v:~+~~ ',.:,".8~T_'\_lj:l'lY ,_ ~~'-~"':'I·~~t:,! .. "~:-'!~~\~>f,~~"~j\~Î.,- ...... ~,,.;,::'~~:,~ 

: ' :,' 'i:: .. : i ". '_1a11tl~P'f,i'ç~~~:t~~~~, :dtr~cte~~,:~:~~~ ~!\), b~ e ~~~ , "-'J1~~~' ~~.'~~~~~~ ,:.~ ~ ;:-;~i~';?:~~ 
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is based upon close obs'ervation and comparison of the fluoro-' 

, graphs of peptides directed by 

~A.ll 

+ +' 
poly (A) fr RNA and poly (A)bd 

\ 
,The val:ues of % albumin synthesized either by GTC isolated 

/ 

rat liver poly(A)~om RNA (30.8%) or- pOly(A)~d RNA' (28.2%) were 

shown to be approximately three tirnes higher than the high"est 
<? 

1 

values previously .obtained by investigators who had prepared . ( 

th~se liver mRNA populations by phenoi-cl:lI.oroforrn extraction 

(Tables 3 and 4),... As '\r1ell, the values closely corresponded ta 

the 31.% maximUJU càlculated on theoretical ~grounds (see footnote 

6). A similar ~tudy could be c-arried out with the insulin 

receptor. Indeed .. the high degree of integrity of liver mRNA 

as isolated by the GTC method should permit the eventual isola-

tion of the insulin receptor gene(s). These results, as weIl 
~ 

as the fact that GTC isolated homogenate rnRNA transla ted a very 

high molecu;lar weight ,peptide, H 145, strongly suggests the 

• superiority of the GTC method over phenol-chloroform for the 

isolation of mRNA. The extension o'f the studies to pOly(A)~d­
+ RNA and poly (A) fr RNA could aiso serve to demolish the notion 

'\;-

1.1Several minor bands were found in the albumin zod~ f 
, ( ~ 

fluorographs of poly(A)!r RNA peptide products (Figs. Sb a d 
6b, 1ané: Free) of whicl1 only one liJŒly represented albumin. 
The remainder are probably peptides truly directed by" poly (A) ;r 
RNA., Current exp~riments are aimed at establishing this more 
specifically by the use of antialt>:g.min antibodies. 

'> 
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Jf Shafritz that trans1ational control could explain exclu-

sive in vivo synthesis of albumin on- membrane;"bound polysomes 

(Shafritz, 1974). Clearly, the RNA of Shafritz must have been 

extensi vely degraded. 

Further verification of albumin synthesis by rat livEir 

membrane-bound pol1ysbmes as determined by the GTC mRNA iso­

lation procedure and the modified Ramsey and Steele poly-

'somal extraction/technique could be elicited from the use 

of monospecific anti-albumin. The 'techniques outlined in 

this thesis could enable investigation of the polysoma1 or'igin 

of tvlO membrane proteins, 5' -nucleotidase and the insuLin 
1 • 

receptor, again with the aid of in vitro translation concomitant 

~ïith monospecific ~tibodies. It would also be interesting to 

de termine whether the peptide-'of ca 59,000 molecu1ar "Jeight 

(i.e., BF 61, Fig. 5; BF 57, Fig. 6) has a dual polysomal 

origin as suggestep in this thesis. 

Since 5'-nucleotidase has neyer been sequenced and since 

it is an important membrane protein, it would be considered 

\vorthvlhile to eventually prepare cDNA copies of the 51 -nucleo-

ti~ase message in crder to determine the sequence and nqmber of 
, 

i ts translatable genes \1'hich wou:}.d enable an exact determination 

of its amino acid composition and molecular vleight. Its com-

position and molecular weight~ Its composi tipn of sugar 

residues could be sttIdied via radioautography. , 

In conclusion, the GTC method has been applied ta the 

isolation of mRNA from homogenates, and free and membrane­

bound polysomes of rat liver./ This \>lork demonstrated -i:.hat 
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the GTC method resulted in a proportio~ of COding for 

(presumed) albumin by homogenate and rnembrane-bound poly­

somai rnRNA higher than the proportions determined frorn the 

phenol-ch1orofor~ method. The cut clean differences 

in the translation products direct.ed by free and membrane­

bonnd polysomal mRNA has provided better evidence to da{e 

for the dichotomy of function of these two polysomal classes. 

Their distinct roles were shown ta be due to specifie mRNA' s 
~ 

, associated wi th each polysomal class and not to any trans-

lational control. 

If. sho'uld be noted that Chirgwin et a~.. finally published 

their paper on mRNA isolation by GTC as this author 1 s work 

was being completed (Chirgwin et al., ,1979) .. Thei~, method 

was virtually similar to the author1s extension of U1J.rich , 
et al. 1 s GTC procedure (1977). HOHever li. Chirgwin et al" did 

- _/ 

not determine the efficacy of the. GTC method for the isola-

tion of rat liver homogenate, free, and membrane-bound poly-

somal rnRNA nor atternpt analysis of liyer translation pro-

ducts. 
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