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acid species. The ifxtegrity of the messenger ribonucleic

&

ABSTRACT
Totai ribonucleic acid was. isolat@&d from rat liver
hpmogen?tes and the free and n‘némbrane-bound \p.g\ilysomal sub-
pop{:llations derived therefrom by a modifié‘at’i’on of the
.guanidinium thiocyanate/CsCl centrifugation techpique of
Ullrich et al. {(Science, 196: 1313-1319, 1970). Messenger
ribc;,nucleic acid Was; isolated following affinityvchromato-

graphy and purification of the polyadenylated ribonucleic

i

- e

aciéf was assessed by cell-free translation in the heterologaﬁs
micrococ;qal nuclease-~-treated reticulobcyte lysaté system. The
results for the homogenate messenger riiaonucleic/vacid revealed
synthesis of peptides up to 145,000 in molecular weight. The
rnéwlz\ synthesjized radioactive peptide products correléted well

’

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 a peptide cular weight

similar to albumin and correspond 1 to the 31% maximum
calculated on theoretical grounds. |

Synthesis of the plasma peptid ably albumin)
was segregated to the messenger “rib_onucleic acid isolate‘dmfrom

membrane-bound pblysome.-;r while peptides identified as cytosolic

proteins were tran8lated near exclusively by the messenger .

. LI .
ribonucleic acid derived from free polysomes.
. ‘ . &\
The guanidinium thiocyanate/CsCl centrifugation method

A4

. ) ) .
revealed itself as a markedly superior method for the isolation

of messenger ribonucleic acid frbm liver. The results difsprove

i
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the contention of translational control as responsible for

“ .

the dynthesis of &lbumin by the ‘membr'ane-bound polysomal

"

population‘of liverg .‘&Shafritz, D./(l'974) J. Biol. Chem.,

'249: 81-88 and 89-93).
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RESUME

~—

On a isolé 1l'acide ribonucléique total ﬁ'\h:mogénates de

%

. foies de rats ainsi que les séus~-populations polysomiques L

libres et liées & la membrane cju'on en a dérivées au moyen

\

:

’ 3

] )

d'une modification de la technique de centrifugation au thio-

cyanate de =guanidin1;.um/CsC«l d'Ullrich et coll. (Science 196:
1

1313-1319, 1979). On a isolé l'aqide ribonucléique messager

P

aprés la chi'omatographie d'affinité et la purification de

l'e?péce d'acide ribonucléi&ue polyadénylé. On a vérifié
1'intégrité de 1'ARN-messager par traéuct‘:i.or?écellulaire dans
le syst&me de lysat de réticu%ocytes trait&s 3 la nuclé&ase
micrococcique. Les résultali;s obtenus dans le cas de 1'ARN-

l

messager font apparaitre la synthése de peptides dont le poids

-

moléculaire atteint jusqu'a 145,0‘00. On a noté une bonne cor-

réle.g‘i\o?\entre les produits radigactifs de peptides nouvelle-

ment synthétisés et les principanx ‘prod‘uits sécrétoires du

foie, les peptides plasmatiques En effet, on a observé 30.8%

"
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mé&thode de centi*ifug';atiop au thiocyanate de guanidinium-CsCl

s'est avBrée nettement supérieure pour 1'isolation de 1'ARN~-

i

mess‘ager du foie. Ces résultats contredisent l'hypoth&se

selon laquelle la régulation de la traduction serait N

i

1l'origine de la synth@se de 1'albunine par la popuquion de '

3

polysomes li&s & la membrane dans le foie (Shafrit'z, D.,

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

e

\

Cells are enveloped by a proteinaceous lipidic/coat
termed the cell membrane. Within each eukaryotic céll there -
is a functional ;nd,~indeed, physical compartmentgliéation.,
Structurally, the mQartmehts are also. enclosed by membranes
e.g. the Golgi apparaﬁus, lysosomes, endoplasmic reticulum,
and the nucleus. Therefore, the elucidation of membrane
biogeggsis\ has been of immense interest to cell biology
ever since its ingeption. One of the numerous procedures
employed td i;vestigate membrane biogenesis has been the use
of in 'vitro translation systems (Bergeron et al., 1975;
Blobel, 1980; Toneguzzo and Ghosh, 1978; Rachubinski et al.,
1580).

Within eukaryotic cells, proteins are transléted from
mRNA either associated with polyribosomes free in the
cytoplasm (free polysomes) or polyribosomes attached to the

endoplasmic reticulum (membrane=bound polysomes) (Palade,

{
AN
N

1975).

w

‘ .
The majority of secretory proteins have been shown to
be synthesized by membrane-bound polysomes .in-contrast to
cytosolic proteins which are thought to be synthesized by
///
—f¥ee polysomes }as reviewed in Davis and Tai, 1980; Palade,
1975; Rolleston, 1974; Shore and Tata, 1977). Nascent

secretory peptide chains of these secretory proteins are

released into the cisternae of the endoplasmic reticulum




and then transported to thq/Golgi apparatus where they are
modified and packaged to form secretory vesicles. The
coﬁpleted peptides are eventually released into the extra-
cellular space after fusion of secretory vesicl9§‘with the
plasma membrane during exocytosis (e.g. proteins?‘&ero and
Palade, 1964; élycoproteins: ﬁgutra and Leblond, 1956;,
Leﬂ}ond and Bennett; 1977).' Therefore,rcell biologiﬁis
initiallﬁ assumed that all membrane proteins would be syn-
thesized on 'membrane~bound polysomes. This has been
suggested for 5'-nucleotidase (Bergeron et al., 1975), VSV
G-protein (Toneguzzo and Ghosh, 1978; Lodish and Rothmﬁn,
1979), and cytochrome P450 (Bar-Nun et al., 1980). How-
ever, with the use of in vitro translation systems, it was
also revealed that the synthesis of integral memBrane pro-—

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

tochrome b5: Rachubinski et al.,-1980).

All the above findings are, however, based on the_assump—

tions that the heterologous or homologous in vitro transla-

tion systems are valid and that the methods used to isolate

RNA result in intact, valid and representative mRNA.

Cell-free translation systems such as the reticulocyte

lysate system have been rigorously tested for the efficacy,

verity and reproducibility of mRNA translation (Pelham and

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

N

However, those peptides synthesized in vitro could only be

considered bona fide if the mRNA translated were alse bona fide. .

*
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Bona fide mRNA could be obtained from intact biodogi-.
cally active RNA free of protein, polysaccharides aﬁdngA.
However, when mRNA is liberated from its confineﬁfwithin

- \z‘:

ribosomal subunits through cellular disruption,”’ the mRNA

becomes vulnerable to enzymic degradation bgéause RNAse is

“
LR

also released from lysosomes. Since MRNA ﬁgfa iarge macro-
nwlécule, it is also accessible to mechanical fragmentation.
Traditionally, the mRNA used in cell-free translation
systems has been isélated by means of an organic solvent
extraction which employed the use of phenol-chloroform
(Penman, 1966; Perry et al., 1972). .
Is it possible that this procedure may be tSB harsh for
mRNA isolation due to the nature of its materials
e.g. phenolkand the numerous sequences of Qigorous shaking
and transfer required to extrac£ RNA free of contaminants?
In 1974, Glisin et al., presented an RNA isolation pro-
cedure -which used CsCl equilibrium density centrifugation
(Glisin“et al., 1974). The feature of equilibrium density'
centrifugation which‘is advantagéous for the"isolation“;f
RNA, is that macromolecules possess specific and character-
istic buoyant densities. Therefore, in one step it Qas
then possible to isolate RNA (bﬁoyant density ca 1.9g[cm3)
free of DNA (buoyant density ca l.7gjcm3), polysaccharides
and glycogen (buoyant density ca 1.67 gﬁcm3), and proteins
(buoyant density ca 1.2-1.4 g/cm3) including RNAse (Anderson

et al., 1966; Counts and Flamm, 1966; Flamm et al., 1972;

A
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(— ) r Piko et al., 1967).
, ; ) .
(: 5 In 1968, Cox showed that i}chaotropic agent, guani- -
5 . -

dinium hydrochloride,coulﬁ be used in ' RNA isolation for the

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

w .
g chébtropic agent than guanidinium hydrochloride exists. It

is guanidinium thiocyanate. The\qation and anion of
guanidiniur; thiocyanate effectively dissolve, denature and

t

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

Then in a 1977 paper on the cloning of rat insulin genes, \ J
‘ Ullrich et al. introduced another method of RNA isolation ANy

[ —
which incorporated the CsCl equilibrium density centrifuga-
tion procedure of the\éforementionedwglisin et al. Ullrich

et al. were able to isolate nRNA from islets of Langerhans

!

from the rat pancreas, an organ reﬁigzé in RNAse -200ug
RNAse A/g tissue wéf ﬁeight (Beintema gi;éi., 1973). In their
bibliography and exclusively in a footnote, they br%efly in-
dicated that the pancreas was homogenized in a ﬁowerful de-
proteinizing solution, 4M guanidinium thiocyanate /1 M
mercaptnethanol; pPH 5.0 and then layered over 5.7M CsCl and
sedimented according to Glisin et al. (Ullrich et al., |
1977).

'It‘was therefore decided to employ this method. First,
it implied a guarantee of\the demise of RNAse. Its homo-
geniiing solution also conté;ned besides the guahidinium

' thiocyanate, the powerful reductant, 2- mercaptoethanols.

2 - Mercaptoethanol reduces the disulfide bonds of RNAse ;

(
(j} . . N
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which are essential for its catalytic activity (Sela, 1957).

Secondly, it a;;peared a pridri that the RNA would be handlec}

‘mofe gently than by the phenol-chloroform extraction.
Anatomically and’physioloéically, the liver has pre-

'sented itself as a reasonable experimental model for protein

characterization and therefore, membrane biogenesis. The

liver is one of the few tissues/where the technique of sub-

5

cellular fra“cti'onation has beén validated anld employed as a
useful tool for testing various theoriesl coni’cerning membrane )
biogenesis (e.é. Dallner et al., ,'!_.966; Dehlinger and Schimke, 3
1971; Posner et al., 1979; Bergeron g_g__a_]_._.d, 1973) . -
Albumin is a liver protein which has been well character-

3
ized with respect to its structure:‘ .sequence and mode of

secretion. Mature rat liver plasma aibumin has been shown »
to bear a molecular yeight of 65,000 iJudah et al., 1976; |
Peters, 1970) whereas the molecular weight of its precursorl,
preproalbumin has‘been shown to be 68,000-70,000 (Stxagss

et al., 1978; Rachubinski et al., 1980). The pféportysp of
albumin synthezized by the liver compared to the totqi’kliver
proteins~ synthesized in vivo determimed by several y/c;rkers

has varied from 3.5% (Schreiber et al., 1971) to 175:‘%9% (Peters
— A

and Peters, 1972) to 12% (Peavy et al., 1978) to/13% (Reller

and Taylor, 1976).
. 4 '

Though the techniques available to cell biologists over

the past 25 years for determining peptide‘/s(pectra e.g.

SDS—PAGE had limited sensitivity, ngve:/:jéheless, it was found

7
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that most plasma proteins

N

A

£

#

except gamma globulins were made

almoé% exclusively by the liver (Bergeron et al., 1978;

Crane and Miller, 1974; Miller et al., 1954; Glaumann and

Ericsson, 1970; Glaumann et al., 1975; gpnes\et al:,l967;
* 1
Miller and Bale, 1954; Miller et al.}, 1954; Morgan and

Peters, 1971; Noel and Rubingtein, 1974; Peters et ai., 1971;

Redman et al., 1975).

Albumin represents the major peptide of plasma and the

main secretory product of

Therefore, significant levels of mRNA from the liver
should code for plasmé proteins and more specifically,
albumin. This predicéion could be useful in assessiﬁg the
integrity of mRNA isolated frém rat liver homogenates i.e.
the ability of this mRNA to direct the synthesis of albumin.

If it céulq be establighed éhat the isolation of homo-
genate mRNA by the guani&inium thiocyanate CsCl centri-
fugatiqﬂ procedure (henceforth considered as the GTC pro-
cedure) were superior to the phenol-chloroform éxtréction

proc?dure, would it then be worthwhile and significaﬁt to

further subfractionate the

populations of ribosomes namely, free and ' membrane-bound
pgﬂ&semes fo; their subsequent isolation of mRNA?

Previous workers have described the synthesis of al-
bumin mainly on membrane—bound'polgsomes (Hicks et al., 1969;
Takagi and-Ogata, 1968; Takagi et al., 1969; Takagi et al.,

_1970) and of a cytosolic protein, ferritin, on free polysomes

"homogenate into the two main

the liver. -

\
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c ; (Hicks et al., 1969; Redman, 1969). ‘However, a controversy -
P ' exists in the literature.

¢

- That is, exclusivity of the translation of albumin

;Jéirected by ﬁRNA_bn membrane-bo;gd polysomes had been
questioned by Shafritz in 1974. From #is studies of 1974,
he claimed that 'read-out' experiments showed (és expected)
that the synthesis.ofﬁalbumin was on membrane-bound polx:
somes solely, whereas heterologous in vitro translqtion
experiments showed an identical distribution of mRNA coding

for albumin in both free and membrane-bound polxgomes
’ ¥

(shafritz, 1974). Shafritz explained that translational con-

£

trol could account for the near-exclusive synthesis in vivo

of albumin on membrane-bound polysomes. '

b \\One point of note is that most of the in wvitro studies
which used mRNA translation to assess albumin syﬁthesig had
employed the‘phenoi-chloroforﬁ extraction procedure. As

well, little attempt was made to correlate the proportion of
albumin synthesized by t%e liver in vitro with the expected ye

4. o .
. ) 13% (Keller and Taylor, 1976) in vivo.

OBJECTIVE
"It was therefore considered worthwhile to attempt thé
isolation of liver mRNA~following whatever could be gleamed

b
from Ullrich'\et al.'s footnote by the GTC procedure:

'Islets were homogénized in 4M guanidinium thio-—'

cyanate (Tridom/Fluka), 1-M mercaptoethanal

v ‘ 13 o N
j: ——T T o - y.
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buffered to pH 5.0 (J.M. Chirgwii, A.Pryzbyla,®
W.J. Rutter, in preparatién). The homogenate
was layered over 5.7M cesium chloride and the
RNA was sedimented as d8scribed by V. éligin,
R. Crkvenjakou, C. Byus, [Biochem. 13:2633(1974;].;_

~  Science (1977) 196:Reference CJ

No. 6, p. 1319.
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Messenger RNA would be isolated from rat liver homo-
genates and translated in the well—establishz? reticulocyte

lysate system. The integrity of the mRNA.would therefore

be assessed by comparing the translgtion products through

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

namely, the plasma proteins and specifically, plasma albumin.
If homogenate mRNA was shown'to be relatively unfrag-
mented, then_E?e GTC procedure cbuld be used to study the: _
biogenesis of liver membranes. 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 fbr integr;ty. The integrity of membrane-
bound polysomal mRNA would be determined by comparing its
translation products to plasma proteins (liver secretory pro-.
ducts). As well, the integrity of‘free polysomal mRNA would

be determined by comparing its translation products to liver

sedentary profeins\namely, the cytosolic proteins.,
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MATERIALS _ .

o

All chemicals were of analytical grade.

Lactated Ringer's solution was'obtained from Abbott

Laboratories, Ltd., Montreal, Quebec.

PPO was purchased from Améisham, Arlington Heights,

Illinois. o

BPB, glécialmacetic acid, hydrogef peroxide; absolute
methanol, TCA and p-xylene were purchased from Anachemia

?

Ltd., Lachine, Quebec. !

DMSO was obtained from J.T. Baker Chemical €o., Phillips-

burg, New Jersey. . - g \ /
\ N /
|

SDS was obtained from Beckman Instruments Inc., Palo

5%

Alto, California. ' .

{ .
Bio-Rad dye, high and low molecular weight protein - -
standards and Econo-Columns (0.5 cm X10 cm) were pur-

chased from Bio: Rad Laboratories, Mississauga, Ontario.

i

Whatman No. 1 filter paper and No. 3 MM filter disks

were purchased from Canlab, Montreal, Quebec. .

P »

Oligo (dT)~cellulose type‘T3,~was obtained from Colla-

borative Research Inc., Waltham, Massachusetts.

- Absolute ethanol was obtained from Consolidated Alcchols

Ltd.,, Toronto, Ontario. - i ]

LY

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

York.

B

1
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"Laboratories, Inc., Plainview, New York.

.
~ APH, acrylam:.de, ATP, d11 20 cold- L-ammo acids," br:.ll:),ant'"

e " MRS - - "
10 S o
!

s
T

AP, iso-butanol, ethylene glycol, et‘heij, glycerin, HC1 -
(acid), magnesium acetate, potassium acetate, potassium
hydroxide . (pellets), sodium acetate, sodium chloride;
sodium hydroxide and sucrose were purchased from Fisher

- — o p—
Scientific Co. Ltd., Montreal, Quebec.

. ¢ . - . N
Guanidinium thiocyanate was obtained from ICN-K & K

Royal X-0-Mat,X-Ray film, KLX developer. ‘and Rapid Fixer

were from Kodak,' Montreal,*_g_uebec.

O

Nitrogen gas was from Liquid Carboxu.c, Montreal Quebec.

/

GsWp filters of pore size 0.22 ym and diameters 13 mm

and 25 mm were purchased from Millipore Ltd., Mlsslssauga,

;

Ontario.

Sodium pentobarbital, 65mg/ml, was obtained from M.T.C.

Pharmaceuticals, Hamilton, Ontario.

ImCi/ml of 3H-L—-Leucine (L-{3 ,4,5-—3H ¥) ])witi1_" a speci-
fic activity of >110 Ci/mmol, Protosoi ar;d st_a:ndard
linear polyethyiene LSC vials were purchased from New
England Nucl"ena'r Canada, Lachine, Quebec. ,

> ' 1 5

POPOP was gbtainéd from Packard Instruments Co., Inc.,
/ .o -
Downers Grove, Illinois. . -
9‘ A’ih"

Serrm u«wm»mm)w)

cresyl blue, CacCl,’ CSCl, CB, creatine phosphate, creat:.ne

phosphoklnase, cycloheximide, DEP, EDTA EGTA, GTP, hemin,

-
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heparin, HEPES, 2-mercaptoethanol, nmicrococcal nuclease,

TEMED, 'I‘rréw Trlton x-1oo .and Wh%ft germ tRNA were pur-
d?ased from Sigma Chemlcal Co., St. Louis, Missouri. | ’
Male Shexman rats were obtained from the breeding colx;ny o ‘
_ of thé» Department of Anatomy, McGill University. They ‘ \
were maintained ,on Purina.’Rat Chow unless starved. .
The’ durat:.on of starvat:.ons are indicated.where appl:.- t
cable. As well, the rats received. v;ater ad libitum, “ - ’r 1

I
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f METHODS o \

2

I. Methods used in the Operation and Analisis of SDS-PAGE.”

1 SDS-PACE with a 5~15% resolving gel and discant%m;ods

. ' buffer system

The estiméition of the molecular weights of proteins

and the:.r subum.ts by SDS-PAGE was introduced by Shap:.ro, ) .
- V:Lnue//a and Maizel (1967), the discontlnuous buffer system
/./ﬂSy Davis (1964), and the acryljmude grad/i/ nt by Blobel and

“/.

chberstem (1975) .

and other cons\lderatlons as outl:m/d by Malzel (1971) v the

, following protocols weré desi

Throughout this w

1

As well,
5 \ S
ot se specified.

1

“

a Stock solutions of the resolv:.ng and spacex gels

N . e

Based on the WOox of the above authors

ed for SDS~PAGE: —
, doubly-distilled water was used..

lall % _solutions refer to W/V méasurements unless

6 @

’

-

. ' COMMON
3
30% acrylamide
0.8% Bis,
.Water to volume
Flltered with Whatnan
No. 1 paper and stored
at 4% for 2 months .

-

o> e P z
.

7 Made féeshly

ii
Tank buffer; ) s
2.88% L-glycine
0.6% Tris, pH 8.3
0.1% SDS

Wat tovl e '
axr (2} um HML,\) R
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c , : iii iv
10% AP . 10% 5DS e
. Water to.volume " Water to volume
‘ | Stored at 4°C for . Stored at room temperature
two weeks .. . for two weeks
|
Resolving Gel ‘ Spacer Gel - ‘\
i E i \
LS|
; ?uffer:- v Buffer: 1
2.0M Tris-HCl, pH 8.85 0.5M Tris-HC1l, pH 6.75
Water to volume Water to_volume
Stored at 4% (for 1.5 Stored at 4°c for 1.5
weeks weeks
) ‘ ii ii
\ g ;
85% sucrose ‘ 60% sucrose
Water to volume . Water to volume
Stored at 4°C ! Stored at 4°C

\_B_ Preparation of the gel.

y

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

ing gel as follows:

5
3 Acrylama.9e ] 5% ( 15% A
/ ) ‘
/; Constituents /volume (ml)’ . fo§ 60 m1 for 60 ml
- 30% acrylamide/0.8% Bis 10 30
s Resolving gel buffer, pH 8.85 12 12
i \\/‘TEMED . 0.05 0.05
O 85% sucrose @ nil 8
' © 10% SDS 0.6 0.6
Watex " 37.0 9
10% AP 0.3 0.3

i

£EA

P
P
A

o=

BN Y L N P
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’ {’ The catalyst and acceléfator for polymerization were

s , ’

;f‘ AP and TEMED, respectively (Davis, 1964) /

e
P
g
o

. The 5% solution was made first and 19.5ml was placed

, in the gradient mixer chamber with a closed internal

channel. Then the 15% solution was made and 17.5 ml added

to the chamber with closed internal and external channels,

The Buchler gradient mixer was immediately j{urned on, the

Cone gt b A 2 QRS L O

channels opened and the continuous gradient then flowed

through the external channel into the gel form to produce
a slab gel after polymerization and hardening, Finally,
four drops of iso~butanol were added to the upper edcje of

w . ’
the resolving gel prior to polymerization so as to form

a level surface. Since iso~butanol is immiscible, it was

s CerRt e TR e A

poured off after polymerization. -

The spacer gel was made after the resolving gel. It

SR

must be of a concentration less than the starting concentration

e GRS U
>

of the resolving gel gradient (Ornstein, 1964; and Davis, 1964).

P
2

Therefore, a 4% spacer gel was formed as follows:

okl

£

% Acrylamide ' 4% ///“//>

Constituents/volume (ml) for 50" ml

AR

30% acrylamide /0.8% Bis
Spacer gel buffer, pH 6.75
TEMED .

10% Sbs

60% sucrose'

Water

10% ap

i

5

mMUNoOOoOO

6
6
0
0
2
4

SN

.4
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The spacer gel was added directly to the upper edge of
the resolving gel. A comb was immediately placed in-the

spacer gel and removed after polymerization, thus forming

. pockets for sample loadingi

c. Preparation of the sample:

A 'sample preparation' was made which contained the
necessary chemicals to denature the protein sample (Reynolds ’
and Tanford, 1970). .

This solution was made as follows:
In a total volume of 5 ml there was: )
1 ml of 10% SDS to coat the denatured hairpin-—shaped
protein with negative charges when
E{} ‘heated at 100°c. ,
1 ml1 of spacer {eil buffer, pH 6.75 éo resuspend
‘the proteinin a pH identical to the
* spacer gel
1 ml of 0.1% BPB to be the marker for the gel front
1 ml of 2-mercaptoethancdl to redﬁce the protein to pre-
\ ( x vent the fom;tion of disulfide bonds.
The latter result in aggregates and,
nonuniform conformations of the peptides.
1 ml of glycerin to _make the sample 'sbiu;:::xoh more viscous
/ and thereby allow; it to be un;ierlayed in
b a small volume into the ge

/O 5011 /of the 'sample preparation' was added to the re—

quired yolume of sample or standard. Usually, 40ug of

ATt oo 4 o o
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protein was sufficient. _
Kl

The sample :‘;(olution was heated at 100°C for two minutes
and immediately ‘1oaded into fhe gel pockets of the spacer
gel by Peterson pipettes. \

The negative hairpin shape must be formed for two
reasons.

When different proteins assume the form of a hairpin -
loop, the differences of tertiary structures are eliminated
with respect to migration. As well, the obtention of a uni-
form negative charge in the proteins enables all proteins to
now migrate to the anode strictly according to the length

of the hairpin loép and thus @directly proportional to mole-

cular weight.

d. Operation of the gel

The gel box was constructed of plexiglas based on the
design of Reid and Bieleski (1968) as modified by Studier
(1972).

The rationale for the use of spacer and resolving
gels was put forward by Ornstein (1964) 1n which aé)vantaé'e
was taken of the Kohlrausch (1897) phenomenon. Namely,
at the large pore siz‘e and low pH' of the spacer gel, 6.7, (as
well as the Tank buffer) -chloride ions will migrate
markedly faster than the protein molecules and the (very
few) glycinate ions at these pH's. Thus a difference in

potential will be sef up between the rapidly migrating

chloffride ions (leading ions) and the much more slowly
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migrating (and very few) glvcinate ions (trailing ions).
T\his sets up a'considerable difference in potenti;l and
tﬁe peptides which are negatively charged are caught in
between and accelerated— thereby stackéd by the Kohlrausch

phenomenon-- toward the chloride front. Howevenr, upon reach-

ing this, they follow the chloride ions in front, un:Lformly

3
as a stack. Upon a change in pH (to 8.9) and pore size (Orstem,

1964) many more glycine molecules (in fact, a vast excess)

become negatively charged. As these ions are of a much

smaller sizeé than the negatively éharged peptides, the ;‘:'ormer

rush past the peptides to follow the chloride front. The

unifo>m distribution of glycine in the Tank buffer now

eliminates the Kohlrausch phenomenon and the peptides are

now subject to molecular sieving. Since all charge and

shape Qifferences have been removed by the SDS effect, the

proteins then separate according to molecular weight with

the gradient of acrylamide preventing diffusion of the

lower molecular weight“‘species (L.e., smaller pore size).
Gels were electrophoresed at an amperage setting of

17.5 mamps using a Heath-3chlumberger Regulated High

Voltage Power Supply, Model SP-17Z}. To maintain this

amperage, . it was r}ecessary to increase the initial-voltage.

The maximum allowable voltagé was 240 volts beyoﬁd 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 .g_jel was stained overnight in
the ‘folloyving solution using a modified method of Weber and
Osborn (1969):

’ 0.1 CB
50.0% absolute methanol Av/v)
v 10.0% glacial acetic acid (vV/V])
The gel was ther; destained for one day in the following
solution: ¥ |
7.0% acet.:’Lc acid v/v) \
30.0% absolute methanol (v/Vv) t
Time destaining solution was changed several times in

order to obtain a sharp contrast of band migration and

separation. =

2. Gel Standards
Bio~Rad SDS-PAGE molecular weight standards were used.,
The approximate concentration of each protein was 2 mg/ml. °

5 ul of the high and low molecular weight standards was used.

The protein composition of each set of standards was:

High Molecular Weight Standards.-

grotgin Molecular Weight
Myosin 200,000
B-Galactosidase 130,000
Phosphorylase B 94,000
Bovine Serum Albumin 68,000

Ovalbumin . 43,000 /
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:3 ( — Low Molecular Weight Standards:-
$ ’
; Protein ' Molecular Weight
3 Phosphorylase B 94,000 ;
& - Bovine Serum Albumin . "68,000 o ]
2 Ovalbumin \ 43,000
%1 Carbonic Anhydrase 30,000
b3 ) Soybean trypsin inhibitor 21,000 -

Lysozyme, 14,300

3. Estimation of the molecular weights of gsample peptides

PR AR e YT

When a sample was electrophoresed in SDS-PAGE, the molecu-—

o

lar weights of its peptide constituents were éetermined from
a plot of Standard molecular weight vs. Mobility relative
to the mobility of the cytosolic peptide, ' C (i.e., relative

mobility, RC) (Weber and Osborn, 1969). ,}(

s

A
i

n

The Bio-Rad high and low molecular weight\: standards were
used for the Standard molecular weight E\Rc plots. Ré's were

determined as follows:

E‘
¢

After electrophoresis of the standards, gel sgtaining and
destaining, the distances of individual bands fn%*;n the upper
edge of the resolving gel were measured relative to the
cytosolic peptide, C. This ratio represented R,. Then on
seini—logarithmic graph pa;;er, the molecula weight values
were plotted on the ordinate and the R, values or\l the abscissad.

Thus, to estimate the molecular weights qf the peptide

constituents of a sample, the Rc's of the sample's peptide
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2

bands were determined and the molecular weights read off
a standard curve of Molecular weight vs. Rc (e.g. Fig. 2a).
The samples v/:ere electrophoresed in the same gel as the

standards, unless noted. X . -

II Isolation of Rat Liver Cytosol, Serum and Plasma

1. Isolation of rat liver cytosol ‘

Liver q&to%;\i ~was prepared as describend- by Racﬁubin;ki
et al., (1980). |

-A male Sherman rat starverd for 12 hours was anaesthetized
with- 0.1% sodium pentobarbital and then perfused, using a
perfusion height of 1.2 m, with Lactated Ringer's via
theA left ventricle. The liver was excised, washed once in
ice-cold 0.25 M sucrose, homogenized in a Potter-Elvejham ’
homogénizer (7-9 strokes),/ filtered with nylon boulting
cloth and made to a 1:3 homogenate with 0.25 M‘ sucrose.

The homogenate yvés centrifuged for 10 min. at 12,000g
in the Sorvall \iilc—2 refrigerated centrifuge.

The '12K sugernatant was centrifuged at 150,OOOgmax

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

—

B-60 ultracentrifuge. This final supernatant (i.e. I50K)

was operationally defined as the cytosolic fraction.

’

The 150K supernatants were pooled, samples taken for.

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

>
P

Revco upright freezer. .
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3 ( Aﬁproximately 110 pg-132 pg of cytosol was used for (‘ !
sj: electfophoresis . )

% ;

i b. Isolation of rat liver serum

%} Liver serum was prepared according to Bergeron et al.,

; 1978. ; |

§ A male Sherman rat starved for 12 hours was anaesthetized

g with ether and decapitated.‘ Thf. blood was collected, left at

: X . room temperature for 1 H and then left at 0-4°Cc for 3 hours.

Iy
(]
38
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The resulting blood clot was loosened at its periphery with

a wooden applicator stick. The clot was then removed by
centrifugation at 1,000 9oy for 15 min at 0-4°C in a IEC
clinical centrifuge. The IK supernatant was operationally
definéd as serum. - This supernatant was rempved with a Pasteur
pipette, ‘s_amples taken for protein determination and the re-

mainder stored at -70°C in the Revco upright freezer.

Approximately 60 ug of serum was used for electrophoresis.

A c. Isolation of rat liver plasma
An unstarved male Sherman rat was decapitated. It:s blood
was tollected into ‘tubes rinsed with 1% heparin and centri—

’% \ fuged at 0<4°Qhand 1,000g,, for 10 min, The IK supernatant
& v above a white bu\ffy area was operationally defined as plasma.
. ¢ However, this supernatant was not used if it had a reddish i
| tinge. The IK supe}:natant \was gewly removed with a Pagteur'
L pPipette, samples taken for protein c}eterminatigp and the

remainder stored at -70°C in an upright Revco freezer.

O o " Approximately 100 pg of plasma was used for electrophoresis.
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IIXI Bio-Rad Protein Assay

*g Protein.concentrations were determined by the Bio-Rad
g protein assay (Bio-Rad Technical Bulletin 1051: April, 1977).
1. Solutions
; 4.0 ml of doubly distilled water was added to 1.0 ml of
£ ! the Bio-Rad dye reagent. This solution was filtered through
. Whatman No. 1 filter paper and stored at room temperature for
sFi \ up to 2 weeks. Then a standard BSA stock solution of 10mg/ml
’*f was made, from whiép 2mg/ml of BSA was prepared at the time
1 -« .
¢ of an assay. he
- ’
£ A typif:al set of BSA standards were:
: Desired ug Protein  vol 2mg/ml BSA (in ul) Vol of Water
2 Cf : :
g 20 " 10 90
5 ‘ 40 - 20 80
£ 60 30 70
, 80 40 60
: 100 .50 50
. 140, 70 30
. 160 80 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

Ve

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

a Beckman Model Du Quartz spectrophotometer.
¢

IV Methods used to carry out Cell-Free Protein Synthesis

'\O 1. Isolation of RNA from three subcellular fractions of rat
- liver
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All glassware, metal instruments, polyallomer and poly-
carbpnatg tubes as well as the graduated cylinders used for
RNA isolation were sterilized by dry-heating at. éSoC for
at least 6 hr,/ except the components for Millipore filtering

which were sterilized in an Amsco autoclave for 1 hour at 15

’ v

psi and 120°C.

All solutions for RNA isolation were passed through 0.22
um GSWP Millipore filters unless otherwise noted. After
filtering they welre}tightly_ sealed. They were made at the
mc;st 3 days before '{:he experiment. Cyclohexi'mide and 2mer-
captoethanol were addea to solutions on the day of an ex-
periment. The rats used for RNA isolation were starved for
12 h but given water ad libitum.

a. Homogenate

100—150g starved male Sherman rats were anaesthetized ‘
with 0.1% sodium pentobarbital using a 1 ml sterile plastic
syringe with a 25 5/8 gauge needle. The erediastinum of
rats was entered in o\rder 40 carry out cardiac per¥fusion.

It was entered b'y cutting along the length of the linea
alba ir; an inferior to superior direction, cutting the lower
ribs from the superior'end of the linea alba laterally, to
expose the inferior s;lrface of the diaphragm. Then the ‘
xiphoid process was raised and the heart exposed by incising
the anterior margin of the diaphragm.

Perfusion was carried out using unfiltered (ice-cold)

Lactated Ringer's containing S_ug/ml'of cygloheximi:de, via the

el

.
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left ventricle with a 21 gauge needle until the liver was
clearly blanched.

[ This was done to flush blood and thus, thg RNAse it con-
t;ins from the liver. As well, cycloheximide prevents
ribosomeg from running off mRNA by inhibiting elqngation
(Ennis and Lubin, 1964; reviewed by Vazquez, 19%9), thereby
eliminating the problem of membrane-bound pélyéomes becoming
distributed in the ffee polygomal population. .

Livers were excised, trimmed of fat, connective tissue,

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

_cyanate / 1 M 2-mercaptoethanol, pH 5.0 / 5 ug/ml cyclohexi-

mide solution (a modification of the method of Chirgwin,
Pryzéyla and Rutter as outlined by Ullrich et al. in 1977).
The guan%dinium thiocyanate solution was prepared by
heating the required amount of guanidinium thioecyanate on a
Tek Pro’Heat.StirBQat a low heat, and stirring until the
;olution turned from a light brown cloudy solution to a
clear solution with a brown precipitate. 2-mercaptoethanol

was added to the guanidinium thiocyanate solution after it

had cooled to room temperature. The solution was adjusted

to pH 5.0 with glacial acetic.acid, made up to volume, and

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

filtered through a 0.22 um GSWP Millipore filter. This solu-

" tion was filtered again.on the day of the experiment through

another 0.22 uym GSWP Millipore filter after the addition of

cycloheximide.

&
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'5.7 M CsCl/0.1 M EDTA was treated with 0.2% DEP to inac- ~
“tivate any RNAse present in the csCl (Taylor, 1976; Ehrenberg
et al., 1976). After the addition of DEP, the solution's pH
was adjusted to pH 6.5 and then left to stand for 20 min to in-
activate RNAse, After 20 min, the solution was boiled forA_‘z
min to inactivate DEP (Chifgwin, personal communication).

The solution was then re—equilibrated to its original volume.

The rat livers were diced in a second change of the
guanidinium thiocyanate solution and then homOgénized at
0-4°C with a Potter-Elvehjem 40 ml hoxuogériizer. | The homogenate
was filtered through a nylon boulting cloth, transferréd to
room tem;erature, and made up t;) the required volume with 4 M
guanidinium thiocyanate / 1 M 2-mercaptoethanol,.pH 5.0/5ug/ -
ml cycloheximide to yield a /5% (W/V) homogenate. .

Approximately 2.8 rﬁl of the homogenate was '1ayereé onto
1.0ml of 5.7 M é501/0.l M EDTA, pH 6.5/6 mM 2-mercaptoethanol/
5 ug/ml cyloheximide solution in each IEC 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 IEC $B405 rotor for 20-22 h at 192,000 g .. and 25°C
using an IEC B-60 ultra{cgntr{fuge (Glisin et al., 1974; Martin
and ter Meu]@ﬁx. 1976; Chirgwirr, personal comrpuhi’cation) .

After centrifugation, all ,the~supernatant, which
included a DNA band at uthél guanidinium th;i.ocy.anate - CsCl
interface, was aspirated withl a Pasteur p:iibette leaving a

clear glassy pellet. The tubes were inverted and the
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walls of ‘the tubes‘ wiped with Kimyipes to Femove any traees
of DNA, The RNA in thesclear pellet was resuspended in 1
volume of 100mM Tris 'aceta‘te/loo mM sodium écetate, pH 9.0/
6mM 2-mer5aptoetl{anol at room temperature using a 'refloﬁ
pestle. ‘A 0,1 vol’ume of. 4°¢ 2.0M potassium acetate, pH 5 5/ h
6 mM 2-mercaptoethanol solutn.on was added in the cold and
then 2.5 volumes of -20‘ C cold abeolute ethanol was added.
The resuli:ihg solution was kept at -20°C at least 12 h to
precipitate the' RN¥A. (Bergeron et al., 1975). Further pro-

cessing will be described later.

b. Membrane-bound polysomal fraction

Membrane-bound polysomes were isolated following the

procedure of Ramsey and Steele (1976) as modified by Rachu-
@ ' ;

binski et al. (1980).

The rat livers were perfused and e;cc;ised in the same
manner outlined for‘ho\mogenate RN)-\'isolation. However, ™
the li'vers ‘;ere placed in ice-cold Polysomal Buffer-0.25M
sucrose',f which corisisted of O’ 2M Tris acetate, p?{ 8.5 at

C/75mM potassium acetate/SmM magriesium acetate/GmM 2*-

mercaptoethanol/sug/ml cyclohexlmde/lso units /ml heparln

‘and 0.25 M sucroee, diced in a secpnq change of the same

T

buffer and homogenized at 0.4°C with a Potter~Elvehjem 4.0 ml

homogenizer. Th:e homogenate was filtered through- nylon .

boulting cloth and diluted with the buffer to give a 1l:8-1:10:

¥

(w/v). homogenate . / ’ B )

'l'he honogenate was centrlfuged at 740 - for 2 min,
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natant and the walls were wiped with Kimwipes. The upright

+ The RNA was 1solated wia CsCl densmty contrifugation and

\ ) /
ther\ at 131,000 g9, for 12 min in a Beckman L5-65 ultra-
centrifuge at 0-4 C, acceleration rate ;0 using SwW27 poly-
allomer tubes a;md the SWZ? rotor. Most of the 131K super-
natant (contained free 'polysomes) was poured into a grad:-

uvated cylindey measured, and kept\in the cold, 0-4°C, until
further us-; Thé supernatant closest to the pellet, was dis- . {

carded

t

- .
The SW27 tubes were inverted at 0-4°C to drain the super-

tubes were placed on ice and transferred to room temperature.
The 131 K pellets (containing bound polysomes) were scooped
from the tuﬁes witha spatlea and placed in a 20 ml Dounce
homogenizer at room témperatureucontaining\ll M guanidinium
thiocyanate/1 M 2-merca;5toeth$nol, pH 5.0/5 ug//rgl cyclo-
heximide. The pellet was then homogenized using the 'A' pestle
and either diluted wi\th the guanidinium thiocyanate solution
to give a final concentration of 9-11%\(equivalen£ starting

2

liver wet wt./V) or left undiluted. (Dilution yielded a

e

smaller DNA band)a~ .- ~ -~
Half the suspension was used for RNA- isolation (ca. 16.8 ml).

precipﬂ:ated w:.th aﬁsolute ethanol following the same pro-

cedures described for the isolation of homogenate RNA.

c. Free polysomal fraction
Free polysomes were isolated following the procedure
of Ramsey and Steele (1976) as modified by Rachubifmski et al.,

(1980)
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After approximately 3 h at O-4°Cn the 131,000 g_
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 ﬁpe

appropriate volume. Each tube was then underlaid first with

. 7 ml of Polysome Buffer-1.38 M sucrose, pH 8.5 at 2°c, using
a 20 or 30 ml sterile plastic syringe with a 15 or 17 gauge
needle with 2=3 cm of tubing attached at;its tip and secondl;,

P

with Polysome Buffer-2.0 M sucrose, pH 8.5 at 2°C, to capacity

4

Pl

in the sdme manner.
The tﬁbes were centrifuged in a Beckman 60 Ti rotor

for 15-17 h, at 169,000 pay USing a Beckman L5-65 ultra-

centrifuge at 0-4°C and at aq/aé;eleration rate of 10.

The supernatant and crose cushions were aspirated

P
with a Pasteur pipette, the walls of the tubes wiped with
/ ///” T 1 S
Kimwipes and a fgﬁ;dfOPS of 4 M gqanidinium thiocyanate/

_—
=mercaptoethanol, pH 5.0/5ug/ml cycloheximide were
added t fﬁe free polysomal pellet. The pellets were re-
suspé;ded using a glass rod with a large round tip and the .
suspensions removed with a Pasteur pipette to a 20 ml

Dounce_ homogenizer containing guanidinium thiocyanate solu-

tion. The suspension was homogenized using the 'A' pestle
and diluted with the guanidinium thiocyanate solution to
approximaﬁeiy‘lﬁ.& mls which was used for RNA isolation.

The RNA was obtained via CsCl density centri?ugation and

s

>
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precipitated with ahsolute ethanol following the same pro-

cedures described for the isolation of homogenate RNA.
2. Isolation of Poly (a)" RN

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 50 ml conical pyrex polycarbonatg tubes. --——-
and centrifuged at 0-4°C for 10 min at ljgdéréh;; in an IEC
Model V éize 2 centfifuge using its large swinging buckets.
The 1.5 K supernatant was discarded, the remainder of the
quglute ethanol-RNA solution added to the pellet while re-
suspending the pellet with a glass rod, and the volume made
up to 45 ml with ice‘cold absolute ethanol and centrifuged
for 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 super-
natant was discarded, the pellets wereldried under nitrogen
gas and the tubes kept on ice until deﬁatura£i6n.

Affinity chromatography was carried out according to a
modified version éf Aviv and Leder's proceduie (1972), 200
mg of Type 3 Oligo (dT)-cellulose (contains oligomers
of an average chain length of 14-16 nucleotides which is
sui£:ble for quantitative binding—-Céllaboratiﬁé/Rgsearch,
Inc., 1977: Catalog 3)was suspended in a small volume of
the Salt buffer, i.e., 10 mM Tris acetate, pH 7.6/0.4 M
sodium Ehloride/O.S% SDS, and added to a 0.5 x 10.0 cm

glass Bio-Rad Econo column. The cellulose was washed with
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\
N .
10 ml of 0.1 M potassium hydroxide, 20 ml of doubly-distilled

N4 ter and finally with 20 ml of the Salt buffer. The flow

rate of the wash and affinity chromatography was maintained
between 1 and 1.5 ml per minute.
The dried RNA pellets were resuspended in 2.5 ml of
o T ‘ _\

_ o \

10 mM Tris acetate, pH 7.6/1% SDS and heat denatured at 65°¢C

for 5 min. Then 2.5 ml of ice-cold 10 mM Tris acetate, pH 7.6/
0.8 M sodium chloride was added and 10 pl taken for RNA analy-
sis. The RNA Q;s added to the column ;%d\after it had flowed
into the cellulose, was allpwed to bind for 5 min to enaple
interaction between mRNA polyadenylic acid and column 6ligo-
thymidylic acid.

The nonabsorbed materiai, non-adenylated mRNA, rRN@, '
tRNA, and DNA, was eluted by washing with 15 to 20 ml of the
Salt buffer with 0.5% SDS and 2.0 ml of the Salt buffer with-
out SDS to prevent inhibition of translation by SDS (Shore,l
personal communication). 100 pl of the salt eluant was taken
for RNA analysis. '

The material retained ?y the column was eluted with 5
to 8 ml of Non-salt buffer, 10 mM Tris acetate, pH 7.6, i.b ml
of the poly(A)*fractiop was taken for RNA analysis and added
back to the remaining poly(A)+ fraction. The vélume was ad-
justed to fill polycarbonate A321 tubes which were then
centrifuged at 0—4°C and 210,000 ghax\ for 12 to 14 h in an
IEC A321 rotor using an IEC B-60 ultracentrifuge to pellet

the poly (A)T RNA. _
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(
“ ( , 3. RNA Analysis

The concentration of RNA extracted from rat liver

homogenates, free and membrane-bound pélysomes was deter-—

mined as described by Munro and Fleck (1966) using Ei%cm = . 7

312 where an O0.D.of 1,000 at 260 nm indicates a concentra-~ i

tion of 32 ug/ml of RNA.

A total volume of 1 ml of sample was read in a 1 ml
quartz cuvette of 1 cm light path distance at 260 nm using
a Beckman DU Quartz Spectrophotometer.

For Oligo (dT)-cellulose affinity chromatography,
samplés were taken before elution (10 ul), after salt elu-
pion (100 ul), andhlastly, after non-salt elution (1 ml).
Readings at 280 nm were taken additional to those at 260 nm
since 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 system ¢

i
a. Reticulocyte lysate preparation

Reticulocyte'lysates were prepared from 3 kg male New
Zealand white rabbit; as outlined by Hunt et al. (1372).

Rabbits were injected subcutaneously with % nls of
10\Eg/ml of APH in saline (0.9% NaCl). This was repeated

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

AN
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‘ t&o days until the eyes became a pale pink.

3

The rabbits were then left untreated for two or”Ethg/
days while the eye colour began to reéurn. Then the reti-
culocyte content of the blogd was determined by staining the
blood'with 0.3% brilliant cresyl blue in ethanol. If more
than 75% of the cells were observed to contain a dark blue
;eticular network, ﬁence'reticulocytes,_then the rabbits were
bled.

Béfp;e bleeding, the animals were injected with 1.0 to
1.5 ml of sodium pentcbarbitol intravenougly, in one ear.
After the animals fell asleep, 0.1 ml of 10 mg/ml heparin in’
saline was injected intravenously toiprevent 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
were collected by—centrifugatién at 8-4OC for 5 min at
2,500 g .. using the large swinging buckets of the IEC
Model‘v Size 2 centrifuge.

The 2.5 K supernatant containing plasma and a buffy layer

‘of white blood cells was removed by aspiration and the upper

half of the pellets washed three times with a-0.14 M sodium
chloride/5 mM potassium chloride/5 mM magnesium acetate.
The lower half of the pellets contained erythrocytes.

The cells were then lysed by adaing‘l or 2 volumes of

doubly~distilled water to the final 2.5 K pellet. The cells

N
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were left on ice for 10 min, then centrifuged at 0-4°C for
10 nin at 20,0009,,,. in the SS34 fixed angle rotor and the
Sorvall RC~-2 centrifuge. The 26 K supernatant was dispensed
in small aliguots e.g. 0.4 to 1.0 ml, frozen in liguid

nitrogen, and stored at -70°C.

A

b. Nuclease treatment of reticulocyte lysates

Reticulocyte lysates were rid of endogenous K mRNA ‘by
the method of Pelham and Jackson (1976).

Endogenous lysate mRNA competes with exogenous mRNA for
translation. A system which reduces endogénous protein syn-
thesis to a negligible level is. provided by digesting endo-
genous lysate mRNA by micrococcal nuclease. This nuclease
reéuires calcium ions for its activity which are then re-

moved by chelation with EGTA thereby inactivating the nu-

Cclease.

0.4 to 1.0:ml of lysate was treated with 4 to 10 ul of
7.5 K units/ml microcgcca].\ nuclease and 4 to 10 ul 0.1 M
calcium chloride at 20°C for 10-20 min.

Further hydrolysis was t?rminated by the addition of
8-20 ui 0.1 M EGTA, pH 7.5 and transfer to ice.

& e
This was done immediately before protein synthesis.

—

Cc. Reticulocyte lysate cell-free translation system
Translation by reticulocyte lysates was carried out
following the procedure \c\:f Shore and Tata (1977) .

A cocktail was prepared which contained 10 mM ATP

e ———
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neutralized with Tris crystals; 2 mM GTP,\Q.B M of lﬁ amino
acids (minus cysteine and leucine) and 0.1 M HEPES, pH 7.5,

in doubly-distilled water. The cocktail was stored at -70°C
along with the other components unless otherwise noted.

The other components were: 50 mM magnesium acetate,

2.0 M potassium chloride, 9.3% creé;ine phosphate, creatine
phosphokinase, hemin(see below), 65A260/ml wheat germ tRNA,
freshly pfgpared 0.088% cysteine, lysate, mRNA and water.

To 6.5\mg heﬁ}n the following 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
HCI and 0.05 ml H,0. This was stored at -20°C. Aliquots

2
of hemin were removed at —ZOOC.

Translation of éxogenous polyadenylated RNA was cérried
out as follows:

' A reaction mixture save the lysate was prepared either
immediately before or during the treatment of lysate with
nuclease. The reaction mixture contained in a total volume
of 42.7 ul:3ul of cocktail, 5 ul of 9.3% qseatine phosphate,

2 y1 of 50 mM magnesium acetate, 2 ul 2 M potassium chloride,

2.5 ul wheat germ tRNA, 0.2 ul fresh 0.088% cysteine, 1 ul

hemin and 2 pl 10 pCi JH-leucine. After digestion, 25 nl of

lysate was added. Volumes were increased proportional to
the number of reactions carried out plus one. Theféfore, to
each plastic Eppendorf microtube on ice containing the

appropriate amourit of RNA and water in 7.3 ul, 42.7 yul of

. -
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1. 1Initial determination of the presence and amount of pep-

reaction mixture was added yielding a total reaction volume
of 50 pl. This was then mixed gently and incubated for 60
min at 29°C. The reaction was terminated By placing the

2

tubes on ice.
“ P

v .
I - . e \~

s
"Usually, five concentrations of po A)+ﬁﬁi‘ﬁé¥e
translated so that the mRNA dependency of the reticulocyte
lysate translation system, i.e., for rat liver homogenate,

free and membrane-bound polysomal mRNA,coul?“be determined.

V Analyses of the Peptide P;oducts of the Reticulocyte

Lysate Cell-free Translation System

[

tide product

The measurement of radioactive amino ac1d 1ncorpot$t10n .
in the reticulocyte lysate cell-free translatlon syStem.was
carried out by TCAprecipitation of the peptide products on
filter-paper, disks as described by Mans. and NOVelli’Tﬁaﬁl).

Duplicate disks of Whétman No. 3 MM chromatography paéér,
2.3 cm in diameter, were spotted with 5 uyl samples of tfanSF
lation products. The disks were air dried and then added to
a beaker containing ice-cold 10% TCA/10 mM leucine (there
should be at least 3 ml per disk) for at least 60 min. The
TCA pre01p1tates protein into the matrix of the dlsks and
the nonlabeled leucine dilutes the Spelelc act1v1ty of the
radioactive leucine to inhibit nonspecific binding.

The 10% TCA solution was poured off and the disks washed
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C  with 5% TCA/10mM leucine for 15 min.
B The disks were then resuspended in 5% TCA/10 mM leuqine
and. incubated at 90°C for 30 min to hydrolyze and extract RNA -

and amino acid-charged tRNA. The 5% TCA solution was decanted

and the disks washed with 5% TCA/10 mM leucine.
The disks were then reéuspended in ether/ethanolSV/V) .
and incubated at 37°C for at least 30 min to extract TCA and
lipids, the ether/ethanoi solution decanted, and the disks N
washed with ether/ethanol. |
The disks were resuspended in ethyl ether for 15 min
at room temperature to remové the water and alcohol, the ethyl
ether decanted, and the d%sks air-dried.

, AN
Each disk was then added to a plastic counting vial.

Usually, 10 mls of scintillation solution, namely, 70%
p-xylene/30% TritonX~-100/0.7% PPO/0.03% POPOP, would have -
been added next. However, it was found that Ehe lysate caused
colox quenching. This was found by the presence of a larée
discrepancy between the efficiencies asﬁaetermined by the
channels-ratio and the external standard methods. (Wang‘and
, Willis, 1965). Therefore, the disks were treated with Protosol,
"a tissue solubilizer, and 30% H202. After this treatment, it
was -found that the isotope counting.efficiencies determined
by the channels-ratio anq;ekternal standard methods agreed.
The disks were treated as described by NEN (NEN' Protosol

s

- Tissue and Gel Solubilizer: General Instructions).

(Z) /

Disks were thdroughly wet with 0.3 ml of water. 1.0 ml
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of Protosol was added to the vial and the vial cap secured
tightly to avoid loss of thg solvent. The vials were in-
cubated at 65°C for 30 min. Decolorization was carried out

by the addition of 0.1 ml of 30% H and incubation at 65°C

202
for another 30 min. The samples were cooled to room tempera-—
ture, scintillation solution added and the samplés counted for

10 min in a Packard Tri-Carb Liquid Scintillation Spectro-

‘meter, Model 3003.

The radioactivity values obtained from the counter are
given in cpm. Conversion to dpm Yequires the determination

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

3

is the isotope of “H-leucine. The % efficiency is determined

" from the counts-ratio and external standard values (given by

the spectrometer) as outlined by Wang and Willis (1965).
Therefore, dpm = cpm x 100, where the ¢pm values

$ efficiency
were corrected for background. Background was determined by

counting a vial only containing 10 mls scintillation fluid

-

and a_radivactivity control, e.g. unspotted disks treated as
experimental disks.

" The $% efficiency of 3H in this work was found to be gé

-

34%. . 7 . -

2. Resolution of the amount, molecular weight and origin

lof synthesis of labeled peptide products

-

The molecular weights of the protein products were
estimated after electrophoresis through 5-15% SDS-PAGE.

The cellular levels and origin of synthesis of the

«

. e
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peptide products were detexmined‘first by radioactivity pro-
file determinations and then by fluo;ograﬁhy of 5-15% SDS~
PAGE's. Molecular weights of saﬁble and standard proteins
were estimated‘from boﬁh gel sets; Electrophoresis was

carried out as outlined in Methods I.

a. Radioactivity profiles

Apbroximately 2 x.lo5 cpm of each sample of peptide
translation products Kunless otherwise noted) directed by
homogenhate, free, and membrane-bound polysomal mRNA fractions
were electrophoresed. The amount of counts of the blank
(i.e., né-exogenous mRNA translated) that were loaded on the
gels was limited to the largest volume of experimental (i.e.,
exogenous mRNA translated) sample loaded. Electrophoreéis
was carried out and the gels prepared for’radioactiyity pro-
file determination.

After destaining, the spacer gel was excised at the
spacer-resolving gei boundary and 2 mm slices were cut from
the upper edge of the resolving gel towards (and including)
the ﬁgttom of the gel. The slices were placed in plastic
couﬁtingnviéls, 0.5 ml 30% H,0, added and the vials in-
cubated at 37°C‘overnight (Bergeron et_al., 1975; Strauss
gg_éi., 1975). The vials were cooled to room temperature,

10 ml of scintillation solution—added, and the vials counted

for 10 min in the Model 3003 Packard Scintillation Spectro-

metexr, N

Using 18 x 25 cm K and E No. 461521 graphpaper (10 x 10 to the am),

Y

A
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the cpm values of each sample were plotted on the ordinate
as a funetion of the number of gel slices &hich was plotted
on the ‘abscissa. The radioactivity profiles of the protein
products translated from the three subcellular fractions
could then be compared.
The percen®age.of a particular protein of eagh fraetion
relative to the total amount of proteins synthesized in that
fractien could then be estimated. In this work, as in-
dlcated above, the cpm values of 3H*leuc1ne 1ncorporatlon

were used to plot radioactivity profiles. However, for dpm

values, the cpm values can be gdﬁ;idered as:
-

- cpm . - E . cpm
dpm ¢ efficiency of 3 x 100 x 100 .34

b. Fluorography:

Fluorography was rrigdaout 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
another 30 mtin.t Next, the gel was put into a solution of
200 ml 22.5% PP0O/0.05% POPOP in DMSO for 3 h. Finally the
gel was placed ln 2 to 3 1 of 2% glycerol for 60 min.

After the glycerol wash, the gel was prepared for drylng.
The gel was gently placed on a wet piece of Whatman-No. 1
filter paper (1ying over 4 thlck paper sheets) covered with
Saran wrap enﬂ then a plastmc sheet. A rubber mat was placed

over the gel and the drier tuined on. The gel was.dried for

s

- N o i
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90 min at 85°C on’a Hoefer Scientific Instruments (Hsi) Model 5{’
C; SE~540 gel drier. °
‘ The dried gel was then placed in immediate contact with
a sheet of pre-flashéd Royal X-O-Mat X-Ray film in the dark.
The film was exposed for 10 days in a lightiffég‘l4 x 17
- in2 Westinghouse Int X-Ray holder . at —7060 in a Revco up-

o

right freezer.

x The film was developed by immersion into KLX Developér

K
€ et e e ANy 3O S e SO
‘

for 4 min, washed in running tap water for 1 min, fixed in

y Rapid fixerifor 10 ﬁin, and, lastly, washed in 20% running
N

tap water for 3 min. The film wag air dried. ‘
It should be noted that those samples containing the

highest amount of radioactive 3H-leucine were chosen for

.

- . s
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? analysis by gel slicing and fluorography since the sample
volume was smaﬁl (50 uL) thereby permitting limited analyz-
. ing volumes. ‘ 9
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Recovery of homogenate RNA fractions from Oligo(dt)-cellulose columns
' 2 ‘ - + , +
Sample Wet wt. mg RNA/ mg poly(A) / mg poly(a) / Recovery Poly(A)
liver (g) g liver g liver wet wt. g liver of RNA
wet wt. ~wet wt.
- Experiment 1 3.4 4.57 3.87 9,36 x 1072 87% 2.0%
- . 'v:," - ) =
Experiment 2 3.7 5.00 3.43 ' 9.90 x 1072 71% 2.08 ..
. - @ ot
‘RNA was extracted as described in Methods (IV, la) from
A . rat liver homogenates. The results from two separate
\ isolation procedures are indicated. i ) b
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Fig. 1. mRNA dependency of cell-free
translation as directed by homogenate
mRNA (poly(A) hom KNA)

Increasing amounts of poly (A) hom
RNA were incubated with micrococcal
nuclease-treated lysate for 60 min at
29°c, Radioactivity incorporation (3H-
leucine) into TCA precipitates was
assessed by the method of Mans and
Novelli as described in Methods (V, .1).
Cell-free protein’ synthesis was a -
linear function of added poly(A) :om
RNA unt:|.1 ca 1 pg added per 50 ug 1ncu—
bation mlxture. Two separate poly(A) hom
RNA isolations from 107 g (e ® ) and
88 g (0—~~-0 ) rats were carried out

two weeks apart, to test the reproduc-—-
ibility of the isblation procedure.

I
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Fig, 2. Fluorographic analysis of pep-
tides synthesized by homogenate mRNA

(poly (A) hom RNA)

a. Calibration curve of the SDS-PAGE gels
of Fig. 2b. The molecular weight standards
were as described in Materials and Methods.
I'4
b.. The spectrum of CB-~stained plasma
peptides (Plasma) was compared to the
fluorograph of cell-free translation
products (2 x 10° cpm applied) directed
by poly(A) Itom RNA from two separate ex-~
periments (Hom 1 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 pul) is also in-
dicated (B.:I:k) . Both Hom 1 and Hom 2
showed identical translgtion products s
with a major band (Mr 64,000, labeled»
as A64) of slightly decreased mobility
to that of liver plasma albumin (Mr 62,000
labeled as A62). Of note, is a band of
molecular weight - 145,000 (H 145) which
was the highest observed molecular weight

' peptide synthesized by the system. G

refers to the major translation product,

. globin, of the endogenous/ reticulocyte m—

RNA. C represents the, cytosolic peptide
whose mobility %as used to determine the
relative mobility of; electrophoresed

peptides while in samples other than )
cytosol, the equivyalent mobility was used.
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Fig. 2. Fluorographic analysis of pep-
tides synthesized by homogenate mRNA
(poly(A);om RNA)

Same as outlined in 43a. ' However, the
facing fluorograph (Hom 1, Hom 2, Blk)
was overexposed to highlight H145.°
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*

Fig., 3. Radioactivity profile of pep-
tides synthesized by homo~-
genate mRNA (poly (A} RNa)
Experiment 1 & 2

2 x 10° cpm of translation products
directed ioy poly(a) ;oml RNA (a) and
poly(A),  , RNA (b) loaded on 5-15%
linear gradient SDS-PAGE gels and cut .
into 2 mm slices for radioactivity
profile determinations. The radio-
activity profiles were compared to the
peptides of CB-stained plasma of
which the major peak (A64)’ corresponded
to plasma albumin (A) but with a /
slightly decreased mobility. Peak G
refers to the globin zone of the gel

. profiles. T
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Table 2 ' N

Recovery of free and membrane-bound polysomal RNA fractions from Oligoc (dT)-cellulose columns

: - +
Sample Wet wt. mg RNA/g mg poly (A) /g mg poly(a) /g Recovery of RA Poly(A)+
liver (g) liver livexr liver .
wet wt, wet wt. wet wt. é
;;; *  Experinent 1 3.79 i
4 Bound Polysomes $3.26 1.84 3.91 x 1072 58% 1,28
; Free Polysomes - ' 1.32 7.49 x 1071 2.27 x 1072 58% ) 1.7% 3
Experinent 2 3.96 o . ' N !
Bond Polysares 2.25 1.72 3.78 x 1072 78 1.7% o
Free Polyscnes’ | 1.05 7.37 x 107% 2.26 x 1072 728 2.2%
*Experiment 3 3.74 :
Bomd Polyscres ‘ 1.15 .95 2.02 x 1072 843 1.8%
Free Polysomes .88 .72 2.34 x 1072 84 2.7%

\

Y

RNA was extracted as outlined in Materials and Methods. The results fram three separate isolation

" procedures are indicated,

* P
The results of Fig. 4 were cbtained from translation of the poly(A), RMA and poly(A)f R of Experiment 3.
Ve
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Fig.. 4. mRNA dependency of cell-free
translation as directed by free and
membrane~bound polysoinal mRNA (poly
(A) ;r RNA and poly (A)\l:d RNA, respec-
tively) e
9

Increasn.ng amounts of poly (A) fr
RNA and poly(A) bd RNA were incubated
with micrococcal nuclease-treated lysate
for 60 min at 29°c. Radioactivity
incorporation (3H-leucine) into TCA
precipitates was assessed by the
metiuod of Mans and Novelli as de-
scribed in Methods (V,1). Cell-free _
protein synthesis was‘\a._linear func-
tion of added poly(A)f RNA (&—A )
and poly(A)bd RNA (&-& ) until ca 1
ug and ca 3.5 pg added per 50 ul of
incubation mixture, respectively. The
data is compared to that obtained for
poly(a)hom RNA e-o—,-o— see Fig. 1
also) .
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o

Fig. 5. Fluorographic analysis of pep-
tides synthesized by free ahd membrane-
bound polysomal MRNA (poly (A)f RNA and

. poly (A)bd RNA, respectively)®

4

Experiment 1

a. Calibration curve of the SDS-PAGE
gels of Fig. 6a. The 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 fluorograph of cell-
free translation products (2 x 105‘cpm
applied) directed by elther poly(A) £r
RNA (Free) or poly(A) RNA (Bd) . The
radiocactive products (3 x .104 cpm) from
a comparable volume of endogenous trans-
lation product (7.5 ul) is also indicated
(Blk). The fluorographs were exposed for
10 days. The major translated product
of poly(A)}, RNA (B68) had a decreased
mobility compared to_ that of CB-stained
sexrun albumin (P65). Only\small amounts
of this peptide were found in the trans-
lation products of poly(A) ;r RNA (labeled
by the arrow). In contrast, peptide 728
was found in the granslat:l.on products of
pely (A) £ RNA but not poly (_A)bd RNA and
corresponded in mobility to CB-stained
c28. A peptide .which appeared shared be-
tween’ the translat:.on products of poly(A)
RNA and poly(A) bd RNA is. designated BF61.
For explanations of labels G and C, see
legend of Fig. 2.
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Fig. 6. Flurographic analysis of pep- ’ L
- tides synthesized by free and membrane-

bound polysomal mRNA (pZ)ly (A) ; r RNA -

and poly(A) ; q RNA, respectively): '

Experiment 2

a. Calibration curve of the SDS-PAGE
gels of Fig. 6b. The molecular weight
standards were as described in Materials
and Methods. .

b. Identical experiment to that de-
S scribed in Fig. 5 except that different !
mRNA preparations were used. As for

Fig. 5, the radioactive products (6 x 104

cpm) from a comparable volume of .endo-

genous translation prod\lcts (21ul) are

also indicated. The notéations of in-.

dicated peptides were the same but their

molecular weights appeared slightly 4
different (e.g. P62, Fig. 6,as compared. £
to P65, Fig. 5). The spectrum of CB- }“J
stained plasma peptides (Plasma) is also

. shown.
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Fig. 7. Radiocactivity profiles of pep-
tides ‘synthesized by free and membrane—
bound polysomal mRNA (poly(A) RNA and

A a4 ok A St

Experiment 1

5x 105 cpm of translation products
directed by poly(A);d RNA (a) and 2 x 10
cpm of trapslatlon products directed by
poly(A) RNA (b) were loaded on 5-15%
l}near gradient SDS-PAGE gels and cut
into 2 mm slices for radicactivity pro-
file determinations( e—e ).

The radioactivity profiles of the
labeled products (5 x 104 cpm) from a
comparable volume of endogenous trans-~
lation products (20 ui) are alqo shown
(o—o0 ).

The radioactivity profile of the .
translation products synthesized by
poly(A);d RNA was compared to the pep-
tides of CB-stained serum of which the
major peak (A') corresponded to rat )
serum albumin (A) with a slightly de-~
creased mobility. The radioactivity
profile of polypeptides translated from T
poly(A);r RNA was compared to the pep- -
tides of CB-stained cytosol.
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Fig. 8. Radioactivity profiles of pep-
tides synthesized by free and 171embrane—-
bound polysomal mRNA (poly(A) bd RNA
and poly(a) fr RNA, respectively):
Experiment 2.

Identical to those experiments de-
scribed in Fig. 7 except that equal .

amounts (2 x ll)5

cpm) of translation,
poly(A)f RNA (b) were applled to the

gel (&—e ). Different mRNA pre-
parations were used from that described
in Fig. 7 to indicate the reproducibility
of the method. As for Fig. 7, the
rédioactivity;nprofile from comparable
volumes of endogenous~translation’ pro-
ducts (3 x 10* cpm) are indicated (o0—0O ).
All other notations are otherwise identical
to Fig. 7.
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Fig. 9. Radioactivity profiles of .pep-
tides synthesized by free and membrane-
bound polysomal WMRNA (poly (A) ;r RNA
and poly (}})gd RNA, resp@y
Experiment 3. -

o r—

ctively) s

- Identical to those experiments de-
scribed in Fig. 7 except-that equal
amounts (2 x ZI_O5 cpm) of translation N
products from poly(A);d‘ RNA (a) and
poly(a) ;r RNA (b) were applied to the
gel (e——e ). Different mRNA pre-
parations were used from that described
in Figs. 7 and 8 to indicate the re-
producibility 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 of en-
dogenous polypeptides is indicated. All
other notations are otherwise identical
to Fig. 7.
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RESULTS

I Rat Liver Homogenate AN r/f///////

//

The use of guanidinium thiGcyanate for the isolation

//

of rat liver homogénate RNA resulted in an average of 4.8
mg RNA/g liver of which an average of 2.0% was poly(A)+ RNA
(Table l,lExperiments 1l and 2). Cell-free translation of
increasing amounts of this poly(A);om:RNA by micrococcal
nuclease~treated reticulocyte lysate w;s linear\and repro- -
ducible untiJ.gilug'poly(A);om RNA was added per 50 pl incuba-
tion mixture (Fig. 1). | . ’
Analysis of the translation products from 3.5 ug
poly(A);om RNA is illustrated in Figs. 2 and 3 in which two
different methods of assay were carried out. By the method
of fluorography (Frig. 2b), a major peptide of ca 64,000
molecular weight (A64) was observed. Combarison to the pep-
tides of CB-stained rat liver élasma (Fig. 2b) showed a
major peptide of similar but distinctly greater mobility
(a62) which was plasma‘albumin. Also of note in the fluoro-
graph, was a peptide with an apparent molecular weight of
145,000 (H145) which attested to the marked gentleness of the
GTC system. The endogenous translation products of the
micrococcal nuclease-treated reticulocyte lysate system
demonstrated globin as the ﬁmjor product (G, Fig. 2b:Blk) and
4id 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)gom

RNA (Fig. 2b, Hom 1 and Hom 2) emphasized the reproducibility
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of the RNA isolation procedure.

The second method of analysis, namely, gel slicing
(Fig. 3) confirmed that the major peptide translated by
poly(A);om RNA was similar in mobility to plasma albumin
(compare the major peak of poly(A);om RNA,” A64, to the
mobility of plasma albumin, A, shown on a CB-stained plasma
sample beneath each graph). From gel slicing, it was ad-
éitionally p;ssible'to determine that in the two experiments,
31.6% (Fig. 3a) and 30% (Fig. 3b) of the total translaéion

prodﬁct corresponded to this major peptide A64.1
IT Rat Liver Free and Membrane-Bound Polysomes

The use of guanidinium thiocyanate for the isolation of

rat liver free and membrane-bound polysomal RNA resulted in

an average of 1.1 mg RN /9 liv and 2.2 mg RNAbd/g liver

of wﬁich an average of 2.2% was poly(A);r RNA and 1.6% was

L

1Sample Calculation of the proportion of
poly(A)gom RNA translation product in
peptide A64 for the experiment described
in Fig.\ 3a. That is,'

Proportion of albumin

. . cpm in gel slices 31-36 .
synthesized by " cpm in total cpm in endo- X 100
pOIY(A)hom]:RNA translation  genous trans-

products . = lation pro-
(gel slices ducts
1-87) ’

53,392.5 cpm .
198,243 < c___Epm-29,596 opm ~ X 100

Q ' = 31.6%
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poly(A);d RNA, respectively‘(Table 5, Experiments 1, 2 and
3). Cell-free translation of incfeasing amounts of polyiA);r
RNA and pbly(A);d RNA by micrococcal nuclease-treated reticu~
locyte lys;te was linear until ca 1 ug poly(A);r RNA and ca
3.5 ug poly(A);d RNA added per 56 ¥l incubation mixture

(Fig. 4). i

ARnalysis of the translation products froﬁ 3.5 ug
poly(A);d RNA and 1 ug poly(A);r RNA (Figs. 5 and 8; Free and
Bound); and 5 uglpoly(A);d RNA and 3.5 ug poly (a) +, RNA
(Figs. 6 and 9: Free & Bound) was.determined by two methods
of assay (Fluorography:Figs. 5 and 6; Gel slicing:Fig. 8 and
9).

By the method of fluorography, the major tranﬁlated
peptide of poly(A);d RﬁA of ca 68,000 or 64,000 molecular
weight (B68, Fig. 5b and B64, Fig. 6b, respectively) was ob-
served to be similar but of a distinctly lesser mobility when
compared to that of CB-stained serum albumin (P65, Fig. 5b)
or CB-stained plasma albumzn (P62, Fig. 6b). Only small
amounts of this peptide were found in the translation pro-
ducts of pqu(A);r RﬁA (labeled by the arrow, Fiq;.Sb and 6b) .
In contrast, peptide F28 (Fig. 5b) or F27 (Fig. 6b) was
found in the translation products of éﬁly(A);r RNA but not
poly(A)gd RNA and corresponded in mobility to CB-stained €28
(Fig. 5b) or Cc27 (Fig. 6b). .A peptide observed to be sha;ed
between theé translation products of pdly(A)';r RNA and

poly(A);d RNA was indicated as BF 61 {Fig. 5) or BF 57 (Fig.6).
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C§ The endogenous translation products of the micrococcal
nuclease—treated reticulocyte system demonstrated globin

as the ‘major product (G, Figs. 5b and 6b:Blk) and did not

affect the inEerpretation of the results of fluorographs of

either poly(Rn) ;r RNA or poly(A); a RNA. Therefore, within

i -
the limits of the methods of anaiysis,'the similar fluoro-

graphs of peptides directed by independent populationsh of

1

poly(A) ;r RNA oXx éoly(A);d RNA refleqted the reproducibility
of the RNA isolation procedure. ’

Thoug{ the molecular weights - -of analagous peptide pro-
ducts indicated that the peptides of Figs. Sb and 6b differed

slightly, this difference was at most 6.6% (i.e., % differ-

- v «
i ennn e s b s T e e R e s b

ence between BF61 of Fig. 5b and BF57 of Fig. 6b)can be

accounted for on the basis of differing gel conditions.
Thé transla‘tion products from a third population of i ‘;

pply(A‘) ';r RNA and poly(A) :; 3 RNA were also analyzed by the

second method of an‘a.lysis, namely, gel slicing where the

third set of translation products were directed by 3.5 ‘ug

poly(A);d RNA and 2 ug poly(A) zr RNA (Figs.7a and b, respec-

tively).
Radioactivity profile determinations (Figs. 7, 8 and 9)
confirmed that the major peptide. translated by poly (A); g RNA

(peak A' in Figs. 7a, 8a and 9a) was similar in mobility to

sexrum’ (Figse. 7a, 8a) or plasma (Fig. 9a) albumin. From gel

slicing, it was additionally possible to determine that in
D - the three experiments, 30.3% (Fig. 7a), 30.7% (Pig. 8a) and
- 23.5% (Fig. %a) of the total translation product cpr;resgonde

<

/
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C} to. this major peptide, A'.2
From both fluorography (Figs'. 5b and 630)' and gel slicing

(Figs. 7b, 8b and 9B), it was observed that little radioac-

f1

tivity was associated with the majo‘r peptide (albumin) as
synthesized by poly(A) ;r RNA Indeed, strict af:counting of t;he
radioactivity which appeared in gel slices of the albumin zone
as directed by poly(a) ; r ENA, confirmed the overwhelming A
synthesis’ of albumin by poly (A);d RNA. Thus in the‘experim'ent .
of the total radioactivity in the albumin zone (Fig. 7) 77% '
was directed by poly (A);; RNA and 23% 'by poly'(A) ;r RNA; in’
Fig."8, 74% by poly(a),  RNA and 26% by poly(A), RNA; and

in Fig. 9, 77% by poly(lb.);;d RNA and 23% by poly(a) ;r RNA.x3 .

o

’ 2Sample Calculation of the proportion of poly (A)hd RNA
translation product in peptide A'. Example: Fig. 7a.

Proportion of - . cpm in gel slices 120-128 X 100
albumin sygthesized ~  cpm in total transla- cpm in endogenous |
¢k by poly(3) bd RNA - tion products (gel . - - translation products
slices 1-88) (gel slices 1-87)
. "79,920. 4 \ '
S - 285,807 cpm ~ 22,319.9 cpm ., X100

. = 30.3% ’ 4

3Sample calculation for the radioacti/v_i/.j;y‘ present in
‘the albumin zone. Efample: Fig. 9. S .

Fig. 9a cpm in albumin zone as directed by poly(a) ; g RNA
‘ gel slices 28-35=46,559.8 cpm ' )
Fig. 99 cpm in albumin zone as directed by poly(a) ;r RNA

gel slices 28-35=13,675,8 cpm -- - .

46,559.8 cpm _
16.559.8 cpm + 13,6{?‘5.8 cpm

% made by poly(A),; RNA X 100=77%

\

1w -

‘ + 13,675 cpm . |
O . % made by poly(A).. RNA 136756 cpmn v 46,5555 % :m_&_lﬂﬂ._z.l%_,_u\

*
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DISCUSSION .

L4 K] -~
~

a The ‘experimental protocol consisted of the isolation of
rat liver homogenate, free and membrane-—bound polysomal RNA
ufollow1ng a detailed comprehensxve modification and applica-
th?LOf the GIC procedure of Chirgwin et al. to rat liver
(Ullrich et al.,“1977). o ~ "

The RNA ﬁgs ethanol precipitéted and subsequently chroma-

tographed through Oliéo (dT)~cellqlose to seleciively igolate - ;
pély(A)+ RNA, a well-known markér of‘mRNA, " mRNA is-the only |

class of RNA WhiCﬁAPOSSeSSBS°a 3'-tail of -polyadenylic acid ' 4

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

The freshly prepared poly(i) RNA was translated in the

micrococecal nuclease-treata\\rabblt retlcu}ocyte ;ysate cell-‘ )
free translation system containing one labeled amino “acid, -
3H-leucine, and the other remaini?g nineteen cold amino acids.
] The cellular levels and origin‘of synthesis Qf the pep~
tide products were determined guantitatively by radioactivity
profiles of SDS~PAGE'$ and qﬁalitativély by fluorography of_
gels. Geél profiles of the trapslatidn products were always
compared to the electrophoretic spectrum of either the major .
classes of secreted prétgins (rat liver plasma) or sedentarx |

proteins {liver cytosolic pepﬁide).4

”

Ymhis is. a simplification since lysosomal content pro- }
teins may be considered as a special ,class of secretory pro-
teins (Palade, 1975). 'They have not been analyzed by this
author. As well, transmembrane proteins might also be con~
sidered to be another special class of secretory proteins |
(Bergeron et al., 1975 ; Rogers—et—al,,; 1980). Nevertheless, ‘
the peptides chosen for comparison, namely, plasma (secre-' s v
tory) and cytosol (sedentary) seemed reasonablé and experi-
mentally’ feaszble. .

-
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7

(( One of the purposes of this work was to determlne
. whether or not the mRNA isolated by GTC was superlor to

that extracted by phenol-chloroform.  If so, the,use of GTC
X

<

could prove to be a valuable tool in the investigation and

elucidation of membrane biogenesis. . :

I. Homdgenate mMRNA . « )
° The homogenate RNA's which eiut;ed from Oligov a(T)-

%eilulose co\lumns withéa wash of a non-sa;lt buffer designated
'as pd‘ff(a);om RNA's ('i'able 1,‘Ree\;uJ,ts) were chosen to be
translated since thej:r 0D260nm:0D280 nm ratios, i.e., 2.24

L " and 2.08 , res;;ecti\'rely, indicated the sufficient removal of

peptides from the RNA (Warburg and Christian, 1941). There- .

. " fore, these pely(A);om I}RNA samples were translated.
( ! ‘ , The ﬁNA yiefd of 4.8 mg RNAhdm /g9 rat liver wet wt, was

'lbwer than that of etﬁerﬁinvestigators who had used the phenol-

" *  chloroform method (Pain et al., 1974; Blobel and Potter, 19167;’

Keller and Taylor, 1976). However, the 2.0% recovery of
poly (A);omQRNA_ as comparable to other investigators who have

loroform procedure -(e.g., Rachubinski et al.,

~

:» used the phenol-—

*

1980).

* Two criteria which attested to the validity of mRNA
, ‘translation by the in vitro translation system were the exo-
° . ‘genous) ’ mRNA depend ncy of the system as wel/]j as the re~
‘ .

.
hd /

'producibillty of trans ation. \

3H—leuc:.ne

Lo Thus, it was shown that the 1ncorpcrati°n of
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the fluorographic analysis, were bands up to 145, 000 in

59 -

poly(A);om RNA added. These results were identical over’two
separate experiments (Fig. 1 of Results).

The translation products were visualized by fluorography
(method of Laskey and Mills) and compared to }Cé-—stained pro—
files of the ‘major synthetic prodﬁcts of ‘the liver, namely
the plasma proté'i:;'xs (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 Bale,
1954; Miller ét et al., 1954; Morgan and Peters, 1971; Noel and
Rubensteln, 1974; Peters et et al., 1971; Redman et al., 1975) .
Therefore, the integrity of the rat liver mMRNA was established
by the abiiityfof the mRN/A/ to direct the synthesis of the (
marker proteins of the liver as well as 1arge peptldes.

Fluorographic analy51s of cell-—free translatlon products
di_rected by rat liver poly(Aa) hom VA from two separate experi-
ments showed an identical spectrum of radiocactive products
with a major {band running close to the mobiliﬁ'y‘ of sefum or
blasma albumin, Close analysis revealed that ti'lis major radio-
labeled band had a mobility 'slightlf less than that of plesfua
albumin equn.valent to a difference in molecular weight of )

ca 2,000 TF:.g. 2, Results). Such a difference is equivalent

to the prepro sequence of albumin which is comprised of ca

24 amino acids (Strauss, 1977- Rachubinski et et al., 1980) and

would not be processed by the reticulocyte lysate system
(Shields and Blobel, 1977; Shore et al., 1979). Of note in

. - -

molecular we:.ght which were easily v:.sual:.zeod. This is

- . «
(]
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clearly superior to translation products using phenol-

chloroform to -isolate mRNA (e.g., compare Fig, 3 of Rachu-

.

; binski et al., 1980 or Fig. 2 of Goldman and Blobel, 1978 to

g

Fig. 2. of present results).

Radivcactivity gel profile determinations enabled

direct quantitative analysis of translation products. The

major peak, A64, of Figs. 3a and b was judged to be 30.8% - -

f " (average) of the total translation products. This value,

; 30.8%, was markedly superior to that found by those inves-

4 tigatoxrs.-who used phenol-chiorofom \to isolate liver mRNA
¢Table 3). Indeéd, the results even\~exceedéd the 'highest.
in vivo value® of % albumin Synthesized as determined by’
Keller and Taylor (1976) as 13% (Table 3).. -

Iﬁ Table 3, all the in vitro values of % albumin syn-
‘thesized with the exce;;tion of the author's value, were ob- =~ .
- tained through the use of the phenol-chloroform mRNA ex~—
traction procedure. /,
 The obvious discrepancy between the author's in vi tro

value of % albumin synthesized, 30.8%, and the other in vitrb

values, e.g., maximum 13% (see Table 3) implied that the GIC

5All estimates made thus far by investigators on the
. amount of -albumin synthesized by liver as a proportion of
' total protein synthetic products of liver must be considered
ighly suspect. These values (see Table 3) are usually
ased on -immunoprecipitates, They have not, however,
> . satisfied even the most elementary of criteria t£o ensure
that the, J.xmnunoprecipitation was quantitative and complete.
The more correct way to assess % albumin in liver synthetic

e -products should have been by competitive fadim.mmunoassay as.*
P © " described by Yalow (1978) . _
—" o - toL k '
-~ “: \ t




RIS S oL, St e st ot 3 0 AT RGIRTA TP

e

e

PP

R ERha® g

N
'
»
bttt Wikad

—

"
t

In vivo and in vitro experimental comparisons of the proportion of albumin synthesized by
- ‘ liver homogenate mRNA relative to total synthesized peptides

L]

=
v R—/ i
Authars Tissue RA MRMA isolation  in vitro Experiment in vitro in vivo
T fraction. procedure Estimating % Albumin/ °~ % Alb/ 3 W
Total Liver Peptides ProtT Prot,r )
1. Schreiber et al., 1971 rat liver in vivo - 3.5%
2.. Rachubinski, 1978 “rat liver homogenate phenol-chloro~ in vitro translation: 3.6%
’ ) . form Keat germ extract
SBrom and Papacon~ mouse liver homogenate bhenol—chloro— in vitro translation: 4.5%
stantinou, 1979 - . . form/CsC1 wheat germ extract
. h - &nsity :
) centrifugation \
4. Peters and Peters, 1972  rat liver - in vivo 10.9%
5.-Peawy et al., 1978 rat liver homogenate - phenol-chloro- ~ in vitro translation: 9.5%
T ; form _ reticulocyte lysates
- and cDNA hybridization
, Tat liver in vivo 12%
Do . V2N . . - N
6. Tse and Taylor, 1977 rat liver hamogenate®  phenol-chloro- in vitro translation: 9.6%
C . form wheat germ extract
7. Reller and Taylor, 1976 rat liver in vivo 13%
8. (author) Power, 1980 rat liver te  guanidinium in vitro translation: o
L ) ) thiocyanate/ reticulocyte lysates 30.8%
CsCl density
centrifugation

e A———— v ———
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method wéé éuperior to the phenol-chloroform extraction pro-
cedure for the isoiation of mRNA. However, this conclusion
could only be made definite upon comparison of the GTC method
to a method employing the CsCl density centrifugation along
with phenol extraction therebytenabling a direét comparison
between the efficacy of mRNA isolation by guanidinium thio-
cyanate to that of phenol—chloroform

In 1979 Brown and Papaconstantinou isolated total liver
mRNA by phenol-chloroform extraction with immediate centri-
'fugation of the final aqueous phase using CsCl (5.7Mf. Their
results showed the in v1tro % albumin synthesized value to
be 4.5% in contrast to the autMor s value of 30.8%. o

Since the CsCl density centrifugation technique provides
a system wherein RNA can be ispféted free of contaminants
under a singly gentle condition, it is therefore hightly pro-
bable to surmise that the great discrepancy in theﬂin vitro %
albumin synthesized values between the author ;nd the cited
investigators was indeed due to the hérsh conditions of the
phenol-chloroform. technique as well as its inability to in-
activate RNAse activity . \

It is therefore concluded that the GIC procedure for
the isolation of rat liver homogenate mRNA is vastly superiof
to the traditional phenol-chloroform method; It is further-
more predicted that whén assessment of total érotein syn—
thesis by liver is carried out with a reasonable degree of

-

sophlstxcation, ‘i.e., by careful radioﬁmmunoassay assay (see

»

< -
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tion of a postmitochondrial supernat;nt\fraction {Bergeron

_ bumin i

Yalow, 1978) then at least 31% of the total.protein syn-x
thesis by liver could be attributed to albumin.6
For‘any future studies on membrane biogenesis, however,

the validity of GTC method would have to be determined for

the free and membrane-bound polysomal mRNA, ‘ '

II Free and Membrane-bound Polysomal mRNA

Before determining the validity of the GTC method for
the isolation of free and membrane-bound polysomal mRNA, it
was necéésary £o choose a method which could isolate free
and membrane-bound polysomes jn proportions representative
\

of their in vivo levels.
e ———— 1 ‘

The preparation of polysomes by isopynic centrifuga~

et al., 1975; Blobel and Potter, 1967; Shafritz, 1973) had
been favored by investigators for several years since this
fraction was relatively free of nuclease-containing organeﬁ&es

(Rot?, 1967) and possessed a nuclease inhibitor (Roth, 1956;

\

‘GA simple calculation reveals that such an estimate is
not unreasonable. The author's proportion of membrane-bound
to free polysomes in the liver 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 involved in the syn-
thesis of secretory proteins—most of which are the plasma
peptides (see fig. 4 of Bergeron et al., 1978) . Albumin
represents ca 47% of the total protein in plasma (Sheving
et-al., 1968), Therefore,.on these grounds alone it can be
speculated that the amount of albumln synthesxzed‘by the
liver is approximately the product of the proportion of
membrane-bound poiysomes multiplied by tHe proportion of al-

qn plasma, i.e., .67 x .47 = .31 x 100 = 31%. There-
fore, more than a third of the total proteins synthe31zed by
liver could be albumin. Clearly, a careful in vivo study
of the proportlon of albumln made by the liver Is requiré&
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pared from the respective polysomal populatiox"ls (Methods 1v,

64 =

Bond et al., 1965). However, one problem which confronted
investigators who wished to obtain a quantitative yield of
miembrane-bound polysomes was that the conventional' prepara-

- e o
tion of polysomes from a postmitochondrial supe¥natant frac—

tion (Bergeron et al., 1975; Blobel and Pdtter, 1967; Shaf-

ritz, 1973) resulted in recoveries 90 and 30 % of the total "
free and membrane—bound polysomeg, respectfivély ‘(Blobel and
Potter, 1967) thereby yieldipg unrepresentative membrane-bound
polysomal fractions.

Inl 1976, Ramsey and Steele outlined a methed for the
isolation of polysomes from whole rat liver homogenates by
means of differential sedimentation as the key step for the ’
_separation of free and membrane-bound polysomes. This tech-
nique yielded a ca é5%(r’ecovéry( of total polysorﬁes from
the sum of free and membl;,an*e-bound polysomes (Ramsey and
Steele, 1976). 6ne nminor problem as found by Rachubinski
(1978) \in the method of Ramsey and Steele consisted of the
addition of detergent where this step increased RNAse activ-—-
ity, presumably through- the 1il?eratio‘n of lysosome-bound en— ,

ZYMES . \ g ’ ”

Therefore, it was decided to employ Rachubinski et al;'s
modified version (i.e., ~no detergent \treatment)\ of Ra;msey
and Steele's tecﬁhique of polysomal isolation (Rachubin- .
ski et .al., 1980). | |
| Thus- followipg the separation of free an/d: membran,e-boy\{xﬁc},l »~

" polysomes by Rachubinski et al's modification,: RNA was pre-
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1b and c) by the GI'C procedure. Using the average values of

P LT

(; '~ mg RNA (free or membrane-bound)/g liver wet weight (Table 2),
i 4 N it wa’s calcula'ted that the free- and‘membrane-bound polysomes
comprised 33 and 67%, ref-pectively, of the total polysomes:’
These proportions are comparable to the estimates of other
workers who also determined the ;;roportion of these polysomal
classes in liver. That is, the proportions of free and

membrane~bound polysomes, respectively, were shown by Bergeron

P

et al. {(1975) to be 22 and 78%, by Blobel and Potter (1967)

and Ramsey and Steele (1976) to be 25 and 75%, by Ramsey and

Steele (1977) to be 33 and 67%, by Venkatsen and Steele (1972) .
to be 34 and 66% a;nd Pain et al. (1974) to be 41 and 59%.

The use of GTC for the isolation of rat liver free and °
membrane-bound polysomal RNA, resulted in an average recovery

" of 2.2% poly(a) ;r RNA and 1.6% poly(AL;d RNA (Table 2)/ after

,\‘

passing each polysomal RNA population through an Oligo 4(T)-
cellulose column. These values .agreed with the aforementféned

homogenate values (Table 1) as well as the polysomal estimates

7Catlculat:i.ons from Table 2 of Results:

Membrane-~bound polysomes: 2.2 mg RNA/g liver
| Free polysomes- 1.1 mg RNA/g liver
‘ 3.3 mg RNA/g liver

% 'Bound' polysomes :2.2 mg RNA/g liver x 100 = 67%
3.3 mg RNA/g liver )
. % free polysomes :1.l mg RNA/g liver x 100 = 33% -
) 3.3.mg RNA_/g liver

g
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o
of other workers for the recovery of polygA)+ RNA (Rachubinski
et al., 1980; Keller and Taylor, 1976).

Translation of poly(a) ;r RNA and pol\y(A) ;d RNA revealed
that protein synthesis‘ was a iinear function of the addition
of poly(A)+ RNA from eitl:ler polysomal c;lass in Fhe raﬁge 0-1
ng for poly(A);_ RNA and 0-3.5 ug for poly(a), , RNA with

- . 7 +
saturation occurring at g;(/yug poly(A) o RNA and > ca 5 ug

, poly (A) ; g RVA added.

However, the slope of the variocus mRNA-dependency curves
(Fig. 4) markedly differed for poly(A);d RNA and poly(A) ;.wr
RNA. This could be explained by the presence of a signifi-

cant.amount of poly(a) * RNA in poly(3) ;d RNA which had not

" participated in protein synthesis, i.e., evidence for some

8

degraded mRNA in poly (A);d RNA. The similar slopes of the

mRNA dependency curyes for” poly(A) ;Er RNA apd poly(A) ;om RNA
(Pig. 4) imriicateé-, in contrast,. the lack of significantl.y“
degraded fro;e polysomal mRNA. ) v

It is difficult to compare these results with other
investigators. That is, although Rachubinski et al, (1980)
compared the translational ability of the free and membrane-

/

bound ‘polysomal mRNA of. rat liver by comparing the

“he

8Alt:ernat:i.vrely,, a less likely situationu is that either

a factor which copur:.f:.ed with poly (A) bd RNA had /marked'ly
.1nh1b1ted prote:.n synthes:.s or“some property of the secondary
_structure of alxl poly (A)bd RNA's as opposed to that of

B poly(A) fr RNA's. ' However, as poly(A)hom RNA is ma:.nly com-
'posed of poly(A) bd RNA (footnote 7) this would seem to make

these explanati Txtremely unllkely.

ﬂ' ¢ . o “
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(:} respective valu%s of 3H-leucine incorporatioq as dém/ug
poly(A)+ RNA they, as well as other workers (e.g. Bergeron
et al., 1975; Faber et—als, 1974; Shafritz, 1973; shore and
Harris, 1977), did not determine t@e mRﬁA dependency of

5 their translation systems, so that it was not possible to
 clearly estimate the intégrity qf their mRNA populations.

;«Hogfver, it is notewérthy that Téylor anq Schimke (1973)

:~fouhd non~-mRNA dependency of their reticulocyte lysate‘trans-
lgtional system (untreated with micrococcal nuclease) follow-
ing the addition of exogenous rat liver (total) polysomal |
mRNA (see Table 1, Taylor and Schimke, 1973).. Nevertheless,

" a comparison (see ?ig$. 7, 8 and 9) to the representative

C)’ " results of Rachubinski _e_f;__eg_ (1980) ~(snge Table 1) indicates
the vast superiority of the poly(AY;d RNA as i;olated by the
:GTC method to poiy(Af;d<RNA as isolated by the phenol~chloroform
method. h \

\ Fluorographic analysis of cell-free translation products

directed by rat liver poly(A);r RNA and pbly(Af;d RNA as

-isolatéd by GTC from tﬁo different experiments showed rela-

tively identical spectrums of radiocactive products, respec-~
tive}y (ﬁigs. 5 and 6). Close analysis of the translation o
productions of poly(A);d RNAnrevealed the near-exclusive syn—
thesis of a major radiolabeled_band with a slightly sloWwer
mobility than that of plasma (or serum) albumin eguivalent °
/ "to a d;:ference in mglecuiar weight of ea 2,000 (Figé. 5 and
Qt} : 6). This ;ifferéhce would be accounted for b§ the prepro

" "leader seguence of albumin, i.e., 24 amino acids (Strauss,

N\ B : -

[ S
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and 6). As well, a labeled peptide such as that of mobility

&

1978) which would not be exgpected to be processed by the

reticulocyte lysate translation system (Shlelds and Blobel,-

19"7_7;“Sl3c_>re, et ats, 1979). In contrast, analysis of the

fluorographs of péptides translated by poly(a) ;r RNA s‘howed
the presence of only a minor amount of this peptide.
Fluorography revealed the exclusive synthesis of a
peptide ‘directedf/by poly (A) ;r RNA (ca 27,‘500 moclecular )
wcight) which corresponded éxactly in mobility Pwith' a pep-

o

tide found in the cytosolic fraction of rat liver (Figs. 5 -~

ca 59,000 molecular weight appeared to be directed by both’

poly(a) ;r RNA and poly(A) ;d RI\IA.9 It is significant that

such synthesis might be expected for peptides possessing an

-
%

9The molecularx +weight of the peptide exclusively syn-
thesized by poly(A) RNA was determined by two sets of
experiments (see F:Lg)s: 5 and 6). In one set, the molecular
weight of the-labeled peptide, F28, was found to be 28,000
which corresponded to the CB-stained cytosolic peptide, C28,
also of 28,000 molecular weJ.ght, (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. N

This consideration gould also be appl_:|=ed to the. pept:.de
directed by both poly(Aa) RNA and poly({A) RNA where one
experiment found the 1ab£fed peptlde BF61 ES be 61,000 in
molecular weight (Fig. 5) “and in another experz.ment the
peptide, BF57, to be 57,000 in molecular weight (Fig. 6)
which yielded a 6.6% molecular weight difference.

\
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C} . internal signal sequence e.g. ovalbumin (Lingappa et al., 7\

1979).1° 1

The réciioactivity of gel profile d_etern'\inatic.:ns enabled
direct quantitative ar;alysis of translation products. Ex~
amination of the radioactivity gel profile determinations of
rat liver poly (A); a RNA translation proéucts revealed that
the major‘peak, A' fFigures 7a, 8a and 9a), was judged to be
30.3, 30.7 ané 23.5%, respectively, of the total translation
products. Therefore,’ t;he average value of % -albumin syn-
thesized by GIC isolated rat liver poly(a), , RNA, 28.2%, was

.

markedly higher than that as determined by other workersf

{(see Table 4) where the highest previous value was obtained

¢

10Linc_;a.ppa. et al. (1979) found that chickeh ovalbumin
possessed an internal sequence as determined by testing
the ability of tryptic ovalbumin fragments to inhibit the
translocation of-preprolactin. From their work, this author
predicted that the first 65.7% of the ovalbumin molecule' is
made on free polysomes and that the remaining 34.3% on
membrane—bound polysomes. That is, since ovalbumin consists
| of amino acid residues, 1-385, and the signal sequence bears.
amino acids residues, 234-253,
r\
.". % ovalbumin made on free polfysomes:

253 amino acids _ ;
385 amino acids X 100=65.7%

and % ovalbumin made on 'bound' }olysomeé: 332 mno :gig: X 100=34. 3%

The first portion included the signal sequence since-the
~ free polysomes axe only directed to the endoplasmic. reticulum
aftexr the synthesis of the signal sequence (B'lobel and
Dobbersteln, 1975) - . ‘ '

‘Note that a testing of this predxctlon could be made .
folleowing the methods” outlined in this thesis. fThat is, to
‘ determine the polysamal origin oﬂ ovalbumin by translation of
o oviduct poly(A)X RNA and poly(a)} . This then,’ would g
resolve the con‘groversy between ngmiter {Meek ‘et al., 19 80)
. and Blobel (Blobel and Dobberatein' 1975)

H .
!
- _ L - * B -
- - ¢ LR .
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. ‘Table 4
) Jes - ‘ . i A R . ‘»
o Sf{irjznir.{tro" eggerimental comparisons of the proportion of albumin synthesized by free and
- . N ~'(, . W E) - - . § . .
St T - membrane~bound polysomal mRNA relative to total, synthesized peptides
S v - .
«;thﬁqxs ﬁissue -mRNA Fraction ¢ mRNA Experiment - 2 Alb/
T \ . isolation estimating % Prot,
L procedure Albumin/Total
kﬁi ‘o i Liver Peptides {
L. Shafr:tzn 1973 rabbit liver bound polysomes: phenol-M- in vitro translation: 3% 3
R {5( o . (postmitochondrial cresol KCl-treated reti- ‘ ‘
TR “ ~ . supernatant) _ culocyte gj.bosomes ; -
a, smre and : rat liver rough microsomes phenol- in vitro translation: 3.1% '
Harrq.s. 1977 {(postnuclear chloroform reticulocyte lysates ,
RN . supernatant) i |
3. Faber et al., N mouse liver bound polysomes phenol-SDS in vitro-translation: . 5-8%
1974 {postmitochondrial Teticulocyte lysates
R e .supernatant) -
l., Rachuhinskil . rat liver bound polysomes phenol- in vitro translation: 8.6~-8.8%
ei;d a.l. r- 1980 (Ramsey and Steele, chloroform wheat germ extract
. 1976)
(authox) - rat liver bound polysomes \ guanidinium. in vitro translation: 28.'2%
) Power. 1980 . (Ramsey and Steele, thiocyanate/ Yreticulocyte lysates
1976) CsCl density ¢
~ ~ centrifuga- .
- tion - - —

-

v

< o
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- of radn.oactiv:.ty associated with albumin wculd probably in-
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by Rachubinski et al., (1980). Most of 9&;—.-“ workers iso- -
lated membrane-b;)und polysomal MRNA via phenol-chloroform !

extraction (Shafritz used phenol-cresol extraction and Faber,

4

- 1974, usedzhenél—SDS). Therefore, Table 4 clearly il-

lustrated e abxl:.ty of GTC to, 1solate more intact polysomal

mRNA than phenol-chloroform extraction. .

.

R_adioaétivity gel profile determinations of -rat liver

poly(A); RNA translation products revealed liﬁtlé associa- A

-

tion of radloqctivity in the albumin zone . (see footncte 30f -
Results) . In fact, the a.mount of rad:.oactiwty assoclated
with the albumin zZone relat:we to a total rad:.oactivxty gel

o

profile, 1 e., total synthesized peptides, . was found to =be .

CAT

an average of 76% as synt.healzed by poly(A) bd RNA and 24% as
synﬁhes:.zed by poly(A) RNA. Rachubinski et al ‘al. (1980) de-
termmed these values mbre spec:l,flcally by the ﬁse gf mo‘np-\
specl%:.c albumzn antibod:.es. Anti-albunin iimﬁunopx‘ecipitates |

of the translation products directed elther by phenol—chloroform :
extraii:t,ed rat «1iver poly (A) £r RNA or poly (A)bd RNA were ana—
lyzed, by radloaptiva.tx gel. prolee determinations. Rac:hubin-—
ski et al. (1980)y f;und that >90% of the radioacta.w.ty of “the
J.munoprecipltates was’ synthes:l.zed by poly (A) bd RNA 4nd 10% )
by poly (A)f {tﬂh If monoslaec:.fic al{mmin antibodz.es had been | »
\ to’ imunqprecipitate the translatlon proqiucts of G'rc —
i

solated rat }iver poly(A) fr m‘m or polymbd RNA, the aMunt o

crease dramat:ie‘ally in. lt}m radiaactivity gel pro{i./gg Qf im~ -
A SN
munopré’cipxtates di.rected by pdly (A) b d RNA. | 'rh;i.s assumptiﬁn»:

Py




is based upon close observation and comparison of the fluoro-— -
graphs of peptides directed by poly (A);r RNA and poly (A)ga_
rua. tt Q

The valTues of % albumin synthesized either by GTC isolated

rat liver poly(A);';om RNA (30.8%) or; poly(.ilk);d RNA (28.2%) were

shown to be approximately three times higher than the highest
0 i

values previously obtained by investigators who had prepared

these liver mRNA populations by phenol-chloroform extraction

(Tables 3 and 4). As well, the values closely corresponded to

the 31% ma'ximum calculated on theoretical grounds (see footnote
6). A similar study could be carried out with the insulin
receptor. 1Indeed, the high degree of integrity of liver mRNA
as iso/lated by the GTC method should permit the eventual isola-
tion of the insulin receptor gene(s). These results, as well
as the fact that GTC isolated homogenate mRNA translated a wery

high molecular weight peptide, H 145, strongly suggests the

superiority of the GTC method over phenol-chloroform for the
isolation of mRNA. The extension of the studies to poly(a) ;d“

RNA and poly (A) -jt'r RNA could also serve to demolish the notion
(‘;\ 1‘

-

{

llSeveral minor bands were found in the albumin zone Af
fluorographs of poly(A) RNA peptide products (Figs. 5b and
6b, lane: Free) of whic only one likely represented albumln.
The remainder are probably peptides truly directed by. poly (A) Fr
RNA. Current experiments are aimed at establishing this more
spec:LfJ.cally by the use of antialbumin antibodies.

o
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of Shafritz that translationai control could explain exclu-
sive in vivo synthesis of albumin 6n~ membrane-pbound polvsomes
(Sshafritz, 1974). Clearly, the RNA of Shafritz must have been
extensively degraded.

Fuxther ver?fication of albumin synthesis by rat liver
menmbrane—bound po(lysbmes 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 polysomal origin
of two membrane ‘pro‘cgins, 5'-nucleotidase and the insulin
receptor, again with the aid of in vitro translation concomitant

with monospecific antibodies. It would also be interesting to

determine vhether the peptide/of ca 592,000 molecular weight

(i,e.’, BF 61, Fig. 5; BF 57, Fig. 6) has a dual polysomal
oxigin as suggested in this thesis,

Since 5'-nucleotidase has never been sequenced and since
it is an important membrane protein, it would be lconsidered
worthwhile to eventually prepare cDNA copies of the 5'-—nucleo-—
tidase message in oxder to determine the sequence and number of
its translatable génes which would énable an exact determination
of its amino acid composition and molecular weight. Its com—
position and molecular weight: Its compositipn ‘of sugax
residues could be sthdied via radioautog;aphy, N (
In conclusion, the GTC mef;hod has been applied to 'i:heu

isolation of mRNA £xom homogenates, and free and membrane-

bound polysomes of rat liver. This work demonstrated that
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|
the GTC method re'sulted in a proportion of X;I;:)dying foxr
(presumed) albumin by hon;ogenate and membrane-~bound poly-—
somal mRNA higher than the proportions determined from the
phenol-chloroform method. The cut clean differences

in the translation products directed by free and membrane-—
botind polysomal mRNA has provided better evidencr; to daée
for the dichotomy of function of these two polysomal classes.

Their distinct roles were shown to be due to specific mRNA's

-

. associated with each polysomal class and not to any trans-—

lational control. '

It should be noted that Chirgwin et al. finally published
their paper on mRNA isolation by GTC as this author's work
was being completed (Chirgwin et al., .1979). Theix method B
was virtually similar to the author's extension of Ul&rick}
et al.'s GTC procedure (1977)., However,, Chirgvg;’.n et al. did
not determine the efficacy of the.GTC method for the isola-
tion of rat liver homogenate,hfree, and membrane-bound poly-
somal mRNA nor attempt analysis of liver translation pro-—

~

ducts.
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