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T were at least 95% pure based ‘on the sedlmentatlon analy51s-

4'spontaneously reassoc1ated to form aps r1bosomes at 5 mM Mg

ABSTRACT

‘'The isolation of active mouse liver run-off 80S

ribosomes ‘and their subunits, and conditions necessary fc.

the translation of synthetic and natural messenger‘RNAlin

2

cell free systems have been studied.

. MOuse liver polysomes were 1ncubated in the pre—
[

rsence of all components necessary for protein synthe51s allow—

"lng the run—off of B80S rlbosomes. - Upon exposure.of these-

808 partlcles to S-mM_Mg2 , '500 mM KC1, 70-72% dissociated

into' ribosome subunits. Treatment of the reaction mixture'
with 0.1 mM puromycin was sufficient to sensitize the remain-

lng und153001ated partlcles such that complete dlssoc1atlon

- was achleved The 4OS and 608 subunlts were separated by

_centrlfugatlon through a convex—exponentlal sucrose gradlent

contalnlng 2 mM M92 , 300 mM KC1, and recovered from the

' pooled fractlons by centrlfugatlon. The separated subunlts

of the partlcles and RNA extracted. When-mlxed the subunlts
2+

,1n.the'absence of poly(U), tRNA‘and-supernatant factors.
-Polyacrylamide?gel electrophoresis of ribosomal proteins.

‘extracted from 40s and GOS subunits'showed’electrophoretic'

patterns ‘distinct from.each other. A-comparison.was made -«

between: rlbosomal protelns of L5178Y mouse lymphoma and mouse

- liver; some d&fferences were noted.

The proteln synthe5121ng ablllty of the purlfled E

subunlts was tested ?& measurlng poly(U)—dependent 1ncorpora—
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NN

tion of [ C]phenylalanlne 1nto ac1d—1nsoluble material.

The A0S and: 6OS subunlts were inactive separately, but when

[}

rec mblned 1ncorporated 10-15 phenylalanlne re51dues per

actlve 808 rlbosome. o - . ’ = ;

Y

A precharged tRNA 1ncorporat10n system was devel-';
oped as an assay: to measure peptlde chaln elongatlon factor
and protein 1n1t1at10n factor act1v1ty. ‘Mouse liver and »
E.‘coZz [ C]Phe—tRNA functloned as substrates in poly(U)-.
dlrected polyphenylalanlne synthe51s. The reactlon was
llnear for 10 mln w1th 50% of the substrate belng 1ncor-‘

porated 1nto not acid- 1nsoluble material. Elongatlon fac?_";

tors EFl and EF2 were partlally purlfled by (NH4)2

fractlonatlon and Sephadex G—lOO chromatography. Ribosomes,
l’ 2, GTP and poly(U) were found to be essentlal fg;gw
1ncorporat10n at 7.5 mM Mgz'.' L i ¢

The requlriments for phenylalanlne 1ncorporat10n

~at 3.5 mM Mg2 in the presence and absence of rlbosome

wash was - studled Addition of crude 0. 5 M KCl rlbosome
wash reduced the Mgzj optlmum for polyphenyl lanine. synthe—
31s from 7. 5 mM to 3.5 mM Mgzﬁ, whlle stlmulatlng incor-
poratlon at 3 ;\mM Mg2+ as much as 9 fold. The response of -
four dlfferent preparatlons of mouse liver ribosomes to l

rlbosome wash and also the substrate spec1f1c1ty of E coli,“

‘yeast,'and mouse 11ver tRNA was tested by - this assay.. Crude

0. 5 M KCl rlbosome wash was fractlonated by DEAE-cellulose

chromatography, and the fractlons assayed for the‘abllity

- to support phenylalanine incorporatlon at 3.5 mM ng

o

vi:
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nghest stimulation was achleved when fractlons I, VI a

nd
VIII, which eluteddat 0.05 M kc1, 0.18-0. 25.M KCl, dnd
0.31-0.38 M KC1, respectlvely,'were present 73];_x 'f '}f%)

Polysomal RNA was extracted from membrane-bound

- . 3 !‘?'

and total polysomes by two dlfferent methods, and . trans—ft

A

lated. in a homologous mouse llver ‘cell- free system Further

"fpurlflcatlon of RNA by cellulose chromatography ‘and sucroseg

den81ty-grad1ent centrlfugatlon was'- examlned A cell fnee
¢
lncorporatlon system ut11121ng runﬂoff 80s rlbosomes was.

developed which was sfrlctly dependent upon added proteln

11n1t1at10n factors and mRNA for act1v1*'~ “The - optlmum

w.,‘

dcdncentratlon of Mg2 ,,KCl rlbosomes, rlbosome wash, and
polysomal RNA for protein synthesxs was determlned Sucrose
den51ty gradlent analysis of the- reactlon products revealed

formatlon of new polysomes contalnlng up to ten SOS
. &

rlbosomes.v Translatlon of exqgenou$ mRNA waslfound to be

1nh1b1ted 80% by 1 x 1o ™S M aurlnt carboxyllc acid; a

electrophor is and 1mmq%?px

formed albumlnwcould accbt‘

uil

‘s

-
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CHAPTER I

GENERAL INTRODUCTION'

i

- The mechanism of.protein synthesis has been a

tOplC ‘of extensive 1nvestlgation durlng the past two decades.

Studles on protein biosynthe51s in vttro began when Slekev1tz
(1952) prepared rat liver microsomes whlch were capable

of incorporating labeled alanineeinto protein.' Hoagland

.4 and coworkers (1956, 1957) u51ng a rat liver cell- free

' system found that ATP, a supernatant protein (i.e. amino-
‘acyl tRNA synthetase), and a low molecdlar weight RNA

‘(i e. tRNA) were essential for incorporation of amino ac1ds
1nto protein. ‘ | |

| : Rlbonncleoproteln particlesvcomposed of approx1-
mately equal amounts o- RNA and proteln, later called ribo-
somes, were 1dent1f1ed as the Slte of protein synthesis

- (Palade, Slekev1tz, 1956 SlekeVltZ Palade, 1958) .~ In 1958
‘, Tissieres and Watson 1solated ribosomes from anhertohza

_coZi (E.. coZz) and found that 90% of ‘the. cellular RNA was

present as ribosomal RNA. - At~this time 1t-was not clear how

1nformation contained in DNA: c1strons was transferred to the h

cytoplasm where ribosomes could assemble amino ac1ds 1ntoi
‘proteins.' Ribosomal RNA was a prime candidate for the
template RNA (Crick, 1958) although the homogeneity of sisJ
- and comp031tion did not seem to reflect the range of SLze

of.polypeptides synthe31zed.



f
; . In 1961 Jacob and Monod prOpcsed that eacthNA |

cistron acts as a template for the synthesis of a. messenger

" RNA molecule whlch contalns the amino acid ‘Sequence infor-:

matlon encoded 1n its nucleotldes. The theory was soon
suppor ted w1th ev1dence (Brenner, Jacob Meselson, 1961)
yet the complete reallzatlon of the messenger RNA concept
did not occur untll the genetlc code was elu01dated (Gamow,
1954; Crick et aZ., 1961 Nlrenberg, Leder, 1964; Morgan,‘v
IVWellﬁ, Khorana, 1966) ‘ _ ‘ .

/{, ‘ Knowledge of the‘reactlons which occur durlng .
peptlde bond formatlon have prlmarlly come from bacterlal
cell- free amino a01d nncorporatlon systems, the majorlty
of whlch are E coli;: however, mammalian cell free systems
haVe also made a contrlbutlon. Severa~ revrew artlcles
have been wrltten on the 1nteract10n of the rlbosome and
supernatant factors durlng 1n1t1at10n, elongatlon and
termlnatlon of proteln synth$51s_(Cold Sgﬁlng Harbour
,SYmp. QuantQ*Biol., 1965- Lengyel, Soll, 1969; Lucas—'
;Lenard Llpmann, 1971‘ Haselkorn, Rothman Denes, 1973)

" The overall process 01 proteln synthe51s can be .
":vschematlcally represented by the r;bosome,cycle deplcted -

1n Flgure l ThlS cycle was drawn based oh the two site

tRNA binding hypothe31s but does not exclude the p0551b111ty"'

”that there are more than two blndlng sites.

e



Figure 1. =~ Schematic representation of protein synthesis
L7iand the ribosome cycle of E. coli. The ribosome cycle
. depicts the movement of ribosomes through the three stages
of protein synthesis, initiation (I-v), elongation (V-IX),
-dnd termination (IX-X). The 30S subunits obtained either
from resting 70S particles by the action of dissociation
factor (DF) or from free 30S subunits, interacts with mRNA
and F3 (IF-3), an initiation factor specific for natural 3
‘mMRNA (Step II). DF may be one of the initiation factors,
possibly F3. N-formylmethionyl-tRNAp (fMet-tRNA) in the
; bresence of initiation facter Fo (IF-2) and GTP then binds
. to’the initiator codorn AUG (Step 1I1I). For convenience
fMet-tRNA is shown bound in the "A" or aminoacyl-tRNA
acceptor. site and subsequently translocates to the "P"-
or peptidyl-tRNA site although the precise binding site:
is uncertain.. The initiation factor Fj; (IF-1) catalyzes
the release of Fy and possibly assists’ in the binding of the
50S subunit to the complex. Step V is known as the "70S
initiation complex". Elongation begins with the binding of
aminoacyl-tRNA (aa-tRNA) to the vacant A site specified by
the second codon (Step VI). This binding requires GTP and
Tu, -the aa~tRNA binding factor. Peptidyl transferase, -
located on the 505 subunit catalyzes peptide bond formation ~ ¢
-between formylmethionine and the second amino -acid- (Step VII). -.
Translocation then occurs involving the removal of the . ’
deacylated tRNA, the coordinate movement of the ribosome - .
by one codon relative to mRNA, and the transfer of fMet-
aa~tRNA from the A to the P site (Step VIII). The trans-
- location factor G and the hydrolysis of GTP mediate this
- -process. Step VI and VIII are repeated until a termination
codon (UAA, UAG, UGA) is reached. Release factors, R; and
Ry, promote the cleavage of the ester bond between the -
polypeptide and tRNA bound in . the P site, thereby releasing
the completed protein. If no more codons are to be trans-
lated then the ribosome disengages from the mRNA either
as free 70S ribosomes (1) or as subunits (2). The exact
route. of this disengagement remains unclear at this time.

o
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- Several areas of the cycle are not as well under-
stood as others.. The relationship between the three initia-
tion factors: which are found to work cooperatively are not
fully known. Recent results suggest that the dissociation
factor. . (DF) required\to maintain free 3OS subunlts, may in
fact be %n act1v1ty assoc1ated with initiation factor- F3
(IF-3) (Sabol et aZ.,,l970' Subramanlan, Dav1s, 1970-
Kaempfer, 1970; Kaempfer, 1971) Other areas of uncertalnty
1nclude the 1n1tia1 binding 31te of 1n1t1ato- tRNA on the
small subunit and also the mechanism by which completed
polypeptides are released from Lhe ribosome._

Lack of study in the eucaryote system relates

'-prlmarily to the difficulty of 1solat1ng highly active and

well characterlzed ribosomes and ribosome subunits for cell-‘

free studies. Figure 2 shows a tentative ribosome cycle

drawn to 111ustrate mammalian protein synthes1s.‘ The over-

‘\
all pag(enn appears 51milar to that of procaryotes, however,

'”many of t steps are not well establlsﬁed and for this‘

reason we{e drawn 1n summary rather than as 1ntermed1ates.‘

ﬂ%Similarities between procar;ote and eucaryote

N

protein synthe31s 1nclude the 1nit1ation complex being

‘ formed on“the small subunit and the requxrement of several

]

1n1t1ation factors with one spec1fic for natural mRNA

GTP for aminoacyl-tRNA binding and peptidyl tRNA translo-

'cation, and protein factors for elongation and termination.

Differences that have been noted in eucaryotes 1nc1ude a

. 1arger ribosome particle and an initiator tRNA. that does not

A

‘ require methionine to be formylated
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kigure 2, -ngtatiﬁe schematic representation of protein
‘synthesis and t e ribosome cycle in eucaryotes. Similsar

to the procaryote ribosome cycle (Fig. 1) there are three . -
stages of p~otein synthesis, initiation (I-III),\elongation
(ITI-VI) a... termination (VII-VIII). .40S subunit interacts
with mRNA and M3, an initiation factor specific for natural.
mRNA. (Step II). 80S initiation complex is formed by the
addition of Met-SRNAp,_Ml,,MZ; GTP and the 60S subunit o
(Step FII). -The "sequ of addition and release of factors -
is not certain. Chain elgﬁgation and termination are :
‘believed to occur by a mec anism -similar to that of ,_<:\“
procaryotes except EF; replaces Tu:Ts and EF) replaces G. ‘

/



The purpose of thls research was to develop -a
®
method for the 1solatldn of actlve mammallan rlbosomes and
their subunlts,_to determlne the optlmum condltlons re+-

'qulred for. translatlon of both synthetlc and natural mRNA

and to 1dent1fy the cell- fré@ product directed by exogen-

B \

ous liver mRNA M

Isolatlon‘of mouse liver 4OS and GOS rlbosome
subunits and the crlterla used to determlne the quallty
.and pUrlty of the preparatlon are descrlbed in Chapter II.
.The blosynthetlc activ1ty of the subunlts and run-off 80S
zirlbosomes were examlned u31ng the “Nlrenﬁerg and "pre-‘
charged tRNA"Ilncorporatlon systems (Chapter III). The’
7.precharged t§§A ‘incorporation- system’w1th partlally purlfled
elongatlon factors EFl-and EF2 was de51gned and used to
'assay 1n1t1atlon factor act1v1ty in the crude and DEAE-
-~cellulose fractlonated rlbosome wash Hav1ng establlshed
-condltlons required- for the detectlon of 1n1t1atron\factor .
'act1v1ty when using poly(U) as t.mplate, it rema ed DS
ato examlne the .in vitro trans .ation of natufal mRNA Mouse
_11ver mRNA extracted from membrane-bound and total polysomes
" was translated 1n a homologous cell fnee amlno acid 1ncor~
‘poratlon system utlllzlng run—off 0S ribosomes. '(
‘ The chapters have a formjiéplmrlar to manuscriptsv@
. 1n that each)contalns an 1ntroductlon, materlals ‘and methods,)'

N,.

results anj dlscu351ég% References and methods relevant to

: the toplc' f each chapter are descrlbed thereln.'”’

\



2

CHAPTER‘n I
ISOLATION AND CHARACTERIZATION OF MOUSE LIVER
RUN-OFF. 80S RIBOSOMES AND THEIR SUBUNITS | -

A, Ihtroduction _ v R s b;

-

Involvement of rlbosomal subunits in the 1n1t1a—.
“tion of proteln gynthe31s has been well documented by o
‘studies usmng Escherzchza coli cell free systems (Pestka, L
Nlrenberg, 1966 Manglorottl Schle551nger, 1967- B
Elsenstadt, Brawernman, 1967 Hille et al., 1967 Nomura,r’
Lowry, 1967- Kaempfer, 1968).' An advantage of the bacternal :
o~ system lS the ease w1th whlch .ribosomal subunlts can ber ;
| obtalnedﬂ In order to -study the mechanlsm of proteln - \*s~\
.'p'syntheSLS in a mammallan system, sufflclent ribosome | ‘

~

T e subu;rts must be avallable.w Mammallan 808 rlbosomes are v
{ 4 T

stablllzed to a much greater extent than bacter1a1 7OS
a rlbosomes by bound peptldyl tRNA and mRNA (Martln et al., '

1969 Lawford 1969 Blobel Sabatlnl, 1971). ThlS 1nher-

ent stablllty of 808 rlbosomes makesﬁit‘difficult to. plea'

pare actlve mammallan subunlts by ordlnary d1ssoc1at10n d;a‘
. technlques. Methods that have been used to date 1nclude

the use of hlgh concentratlons of . KCl (Martln, WOol 1968-"
—Martln et aZ., 1969 —Martln, wOol 1969 Rao, Moldave, 1969-'d
Terao, Ogata, 19706 in vztro 1ncubat10n of polysomes (Falvey,
-Staehelin, 1970) and the u% puromyc:m to release the
nascent peétlde chalns (Lawford 1969 ’ﬁlobel : -
Sabatlnl, L A
| B



ThlS chapter descrlbes a method for the. prepara-

e,

tlon of ribosomal. subunlts from mouse liver in wh1ch poly-
somes are 1n1t1ally lncubated in-an in vztrb amlno acid
1ncorporatlon system allow1ng run-off BOS rlbosomes. Those
rlbosomes that still contaln peptldyl tRNA are sen51tlzed

to KCl by a brief exposure to a low concentratlon of
.‘puromyc1n. The advantage of thls method is that with the
‘pre*hcubatlon of polysomes the amount of puromyc1n necessary
fto remove resrdual peptldyl tRNA is much smaller than

requlred otherw1se (Lawford 1969- Blobel, Sabatlnl,

1971) ' The mouse llver rlbosome subunlts produced by thls

""method were found to be " 1ntact and’ capablg;of spontaneously

1

reassoc1at1ng to form active 8OS partlcles.

y

'B. Materials and Methods . o m) R
. All routine chemicals'used we of certlfled

quality‘ Sterile condltlons were ‘used 1n the preparatlon'

of ‘buffers and handllng o§~glassware used in polysome .1.ff
A '

wpreparatlon._ Ult a pure {se~-free sucrose purchas from N

‘Schwarz/Mann was us to prepare buffers and gradlent solu- '

‘_tlons.. %TP GTP creatlne phosphate, creatlne phosphate

fklnase were products of Slgma Chemlcal Co. Puromyc1n -

'dlhydrochlorlde and twenty amlno ac1ds were purchased from v

-fNutrltlonal Blochemlcals Co.v [ C]phenylalanlne, 355 mCL/

: mmole,:l4C proteln hydrolysate, 57 mC1/m1111 atom\tarbon o

v
-

were purchased from Amersham/Searle.
‘ ‘ ‘ Ah
J

Fl



Buffersﬁ' All hpffersvused in the‘various preparations ‘
. contain 20 mM Trls~HC1 (pH 7. 4), 6 mM B-mercaptoethanol ;
(B- ME), 0.25 mM dlthloerythrrtol (DTE) and 10% glycerol in
addition to: MgClz'and KCl at concentratlons 1nd1cated below.
Buffer A: 5 mM Mg2' - 100 mM XC1
Buffer B.ﬁJé mM Mg?t - 1oo mM KC1.

‘Buffer C: 2 mM Mg®* - 300 mM KC1

'Preparation of polysbmesﬂ

| . Polysomes were prepared by a modlflcatlon of the
method of Falvey and staehelln (1970) Female wass j
alblno mlce were kllled by decapltatlon, the llvers removed,
':rlnsedxjn/hu§ﬁer A contalnlng 0 3 M sucrose and homogenlzed‘
with the same buffer (2.5 ml/g of llver) in a Potter- -
tElvehJem homogenlzer w1th 5 strokes of a loose—flttlng fg,
Teflon pestle. Durlng homogenlzatlon magne51um bentonlte

(4 mg/9 g llver) prepared as descrlbed by Petermann and

. ,Pavlovec (l 63) was added The homogenate was centrlfuged

at 12, 000 X g (av) for 10 min and the top two—thlrds of

‘the supernatant adjusted to 1% Triton X-lOO or 1% DOC 'This

was layered over a discontinuous gradient (13 ml per

10

A

% o
gradlent) contalnlng 10 ml of each of 0.7 M and 2. 0 M sucrose

in buffer A: The gradlents‘;ere centrlfuged 1§'a sw 27
rotor at 82, 500 x g (av) for 24 hours. The supernatant was
: carefully removed and the pellets gently resuspended in.
;buffer A .and stored in small amounts in- llquld nltrogen.

.

&
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Determination of protein and RNK

Protein» [ determlned by the method of Lowry '

et aZ., (1951) or by”absorbancy at 260 and 280 nm. Bovine '

serum albumln was used to construct ?Vstanda concentration

Fa

&
curve. . RNu was determlned by measurlng the absorbance

ascumlng 20 A260 units was equlvalent,to 1 mg RNA. .
| | ' R EE O~

~

Prepargtlon of ehzyme fractlon
(1) 5-200 protein. 4f o e
leers were homogenlzed in a modlfled buffer A _
contalnlng 5 mM Mgzl - 25 mM KCl. After hlgh speed centrl-"
fqgatlon in ‘a Splnco 60 Ti rotor (233 000 xjé\(av), 120 mln),
the top two-thlrds of the post—rlbo omal supernatant (S—200) ";]
~ -~ S

was collected and: dlalyzed overnlght at ch agalnst buffer.

A, The S-200 proteln was stored in glass\v1als (0 l =0.2 ml

edch) in llquld nitrogen. = ",',_! s ks d_“:
(2) pH 5 enzymes. : f',.d"' f .,i v }f . ff;\
. The $-200 fraction was dlluted th%ig-fold with N
h -

l ‘mM DTE and slowly adgusted to pH 5. 2\w1t acetlc ac1d

The prec1p1tate was: collected by centri&ugatron at 12, 000
T x ‘g (av) for 10 mln, dlssolved in buffer A contalnlng SW ‘
Trls HCl‘(pH 7 8) and stored in. liquid nitrOgen.
Preparatlon of run;off 80s rlbosomes and rlbosome subunlts B
' Run-off 805 ribosome@ were prepared by a mod:.fl- ‘
* cation of the methods of Falvey and - Staehelln (1970) and .
Lawford (1969) ' Polysomes_were incubated in,a cell-free'



#® ring to glve a final concentratlon of 3 mM M92 —500 mM KCl

)

amlno acid 1ncorpora¢10n system gbntalnlng the foIIOW1ng
_ per ml: 30 Ajeo Units polysomes, 0.05 umoles each of the : '
;204am1no ac1ds, 4 mg pH 5 enzyme proteln, 2 mg: S-200 pro— |
teln, l umole ATP, 0. 3 umole GTP 10 ug creatine phosphate,,»
50 Hug. creatlne phosphoklnase, 50 ug mouse liver tRNA, |
20 umole Trls—HCI (pH 7. 4), 100 umole KCl 6 umole B-ME,
0. 25 umole DTE and 4 umole MgCl The reactlon mlxture T
‘waserncubated at 37° for 30 SAn and‘lu\hM7puromyc1n (pH 6 5)_
was then added to a flnal concentration of 0. l mM. - This

mlxture was cooled in ice ‘and 2 M KC1 was added w1th stlr-' Qo

P N

:Further 1ncubatlon at 37% for 10 min resulted in a prepara-
tlon contalnlng only rlbosomal subunits. Upon dllutlon

of the reactlon mlxture to 5 mM Mgzi-loo mM KC1 the sub-
unlts were reassoc1ated to form 80s rlbosomes (run—off 8OS)
.They were sedlmented by centrlfugatlng a 20 ml sample over
7 ml of 1. 5 M sucrose in buf or A in a Splnco Type 60 Ti
rotor at 176 000 x g (av) for 4 hours. The 808 r1bosome
‘pellets were resuspended in buffer A and stored 1n small -
‘amounts 1n 11qu1d nltrogen. : ’ ‘i

o

Rlbosomal subunlts were separated by layerlng 5
ml of the puromyc1n—treated 3 mM Mg2 =500 mM KC1. reactlon
mlxture onto a 30 ml 0 3 1 oM convex-exponentlal sucrose
gradlent in buffer C. The sample was. centrifuged 1n a-‘f
.Splnco SW 27 rotor at 82 500 x g (av) for- 14 ‘hours and .
the gradlent was dlsplaced w1th 60% sucrose whlch was pumped‘

into the bottom of the tube. The ggfluent was conducted



iato a flow cell attaéhed' to a Gilford Model 2000 ‘spec-
5trophotometer for contlnuous monltorlng and recordlng of

absorbance at- 260 nmf “The approprlate fractlons were

pooled and the subunlt recovered by centrlfugatlon in a

Splnco Type 65 roto&\\t 160, 000 X'g (av) fo~ 9 hours.
,Further purlflcatlon of the 60S subunits was accompllshed

by recentrlfugatlon through a, O.I 1.0 M convex-exponentlal

.<(asucrose gradlent 1n bufferzil The center portlon of the

605 peak was pooled and the subunits recovered ‘as descrlbed

above. The subunlt pellets were then resuspended in buffer»
va - and stored at a con entratlon of 50 ~-60 A260 unlts per

ml in small amounts qKFOS 0.1 ml) in.liquid nltrogen with- :

out apprec1able loss of act1v1ty for 6 months.

»

Sucrose den81ty—grad1ent analy31s \

. " Ribosome samples\of 0. 05-0 lO ml contalnlng ) | .
EO 5= 1 0 A260 units were layered on the top of 4.5 ml Eo ~20%
" linear or lO 34% (0. 3 l 0. M) convex—exponential sucrose

gradlents made up w1th the same buffer as the samgles
except that B-ME DTE and glycerol were not included The
samples were centrlfugéd 1n a Splnco SW'50.1 rotor ‘at the

speed 1nd1cated in each flgure.- The gradients were analyzed

\L for absorbance at 260 nm from. the top as: described above."
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Determination_of.percbnt dissociation of'BdS ribosdmes

| After analyzlng a sample of rlbosomes by sucrose
density gradlent centrifugatlon as descrlbed above, the area
under the absorbance peaks was measu ed by a planlmeter}
The percent dlssoc1at10n of 80s rlbo omes into suhunlts

was then calculated from the ratio of subunlt area to .

total area.

N

.

Analysis of r1bosomal RNA by sucrose den51ty-grad1ent
centrlfugatlon | 4

) Sodlum dodecylsulfate was - added ‘to the rlbosome
samples to a flnal concentratlon of 0 1% to dlssoc1ate the.t

@ .
proteln from rlbosomal RNA (Gilbert, 1963).- After 1ncuba—f'
!

14

: tlon at 37 for 3 min the samples were cooled in ice, centrl-

fuged at 3000 x g (av) for 5 min, and a portlon of the
supernatant analyzed on a 10 ~20% sucrose gradlent maae up

w1th 20 mM Tris-HC1 (pH 7.4), 1 mM M92+, and 50 mM NaCl

' Centrlfugatlon was{gt 48,000 rpm- for 2.5 hr in a SplnCO

SW 50.1 rotor at 4 - The gradlents were analyzed for

f_absorba ce at 260 nm as: descrlbed prev1ously.‘

flectrophoresxs

»%v'

-Analy51s of rlbosomal protelns by polyacrylamlde gel

N

‘An equal volume of 4 M L1C1 - 8 M urea was added

to a sample of 5 A260 unlts of rlbosomes and 1ncubated over—'

nlght at-4 (Spltnlk Elson, 1965) TheKRNA was removed by

: centrlfugatlon at lZ\JpO X gg(av) for lO mln. The super-

SN

il Z
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natant containing.the ribosomal proteins was dialyzed

©

overnight against 6 M urea»containing 20-mM Tris-HC1

(pH 7.4) and 6 mM B-ME. Electrophore51s was carried out

in 10% polyacrylamlde gels (0 5 X 9 cm) contalnlng 6 M

urea at PH 4.5 at 4 mA per gel.‘ The protelns were stalned

‘w1th 1% Amldo Black “in 7.5%: acetlc ac1d for 1 hr and then

destained electrophoretlcally.

) s

C. Results_
l;‘ Condltlons required for preparatlon of run-off
‘ BOS ribosomes and subunlts
x(a)' Polysome “run—off"‘
Polysomes contalnlng 8-15 r1bosomes are needed
to‘make.the run—off ofVSOS ribosomes as efficiently as
) ¥

possible. The degradatlon of polysomes durlng homogenl-

zatlon was reduced by u51ng slow grinding. speeds and by the

‘use of. magne81um bentonlte as an RNase 1nh1b1tor. Coarse
- magne51umobenton1te, prepared by the method of Petermann L

,}(1963) was found to increase the yield of large polysomes

and also resulted in a SO% decrease of 808 partlcles in

-

- the preparatlon as assayed by sucrose den31ty—grad1ent

aQ31y515. Nlne dlstlnct bands of polysomes could be re-
O

»solved by zone velocxty sedlmentatlon using a 0.3- 1 0 M

convex—exponentlal;sucrose gradient (Flgure 34).

The klnetlcs of polysome "run-off" was examlned

v'by 1ncubat1ng polysomes with all the components required for

pfOteln synthesls and analyzlng samples at varlous txmes by

-

15
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Sucrose density-gradient analysis of mouse
ver _ a cell-free aminb‘aiid incor-
poration system. Polysomes:were incubated with

‘tein hydrolysate under the conditions used for the pre-
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paration of run-off 80S ribosomes as described in Materials¢

and Methods. Approximately 1.0 A260 unit of polysomes was.
.analyzed per gradient.. €
(0.3-1.0 M) were made up with 20 mM Tris—-HCl (pH 7.4),
5 mM Mg2* and 100 mM KCl. Centrifugation was in a Spinco.
SW 50.1 rotor at 40,000 rpm for 30 min at 4°. Fractions
(0.25: ml) were collected and hot TCA-insoluble radio- . -
activityﬁgetermined,as'described in Materials and Methods.

A.

. Control, polysomes only. : SRR o
B. Polysomes incubated at 0° for 30 min in the presence
of all components required for protein synthesis.
C. Same as B except incubated at 37° for 5 min.
D

+ Same as B except incubated at 37° for 15 min. »

Convex-exponential sucrose gradients

SN
X Ofﬁ'\» .
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‘Sucrose gradient analy31s indicated that the labeled

17 -

sucrose den51ty-gradient centrifugation (Figure 3). 14C-
protein hydrolysate was 1ncluded in the reaction mixture
thereby_allowing measurement of hot TCA—inSoluble radio-
actiVity in the gradient fractions. During incubation

the polysomes rapidly shift from a large to a smaller 31254
w1th a corresonding increase in the amount of BOS particles

4,

(Fig. BB and 3C). The highest radioact1v1ty was 1n1t1ally

in the polysome region and was observed to Shlft towards

' the smaller polysomes w1th time. After‘lS-minnincubation

only disomes remaining. Continued incubation for 30,. -' ."1_4) :
45 and 60 min gave the same pattern as: the ,15 min sample.

vExposure of a 60 min sample to 3 mM Mg2+ 500 ‘mM KC1l resulted

in the dissociation of the 808 ribosomes 1nto subunits.p‘ff

’peptides were bound exc1u51ve1y to the 60S subunits.- Pre—‘

v

_sumably these peptides were short enough ‘thatc they did,nat

hinder dissoc1ation of the ribosome~part1c1e into subunits. J
r . DA

~ (b) ‘Dissociation of run-off 80s ribosomes into
suBunits |

A criteriOn for the effec%iVeness of run-off

is the extent of dissociation of 8OS ribosomes into subuniter._

'vthat occurs on increasing the salt concentration to 300 500

mM KC1 (Lawford 1969)
Table 1. shows the relationship between the condi-
tions of polysome incubation, the ionic strength at the

!

at 37°, polysome "run-off" was Virtually complete with ﬂff""




dissociationvstepﬂand the extent ofbdissociation achieved.
Polysomes:incuhated at‘37° in the presence and'absence of
.,components.that support'protein synthesis were'found to' .
‘contain- 12% and 5% subunits, respectively, when analyzed by "
sucrose gradlent centrlfugatlon under normal 1on1c condl—
tions (Expt l) | Incubatlon of polysomes alone at 37
’i$followed by exposure to high KC1l resulted in one—thlrd
.%of the rlbosomes dlssoc1at1ng 1nto subunits (Expt I1).
H0wever, 1f this 1ncubat10n was carrled out in the presence_
of an energy—generatlng system and supernatant factors,
then 70 72% of the run—off 80s r;bosomes dlssoc;ated into

subunlts,(Expt..III).

e - The remaining 80S ribpsomes and disomes are re-

sistant to“dissociation and

t 1ikely contain peptidyl—

ﬁh?“ - tRNA and mRNA .These partlcles do. not represent run-off
‘_‘it YBOS rlbosomes but rather,-stuck 808 rlbosomes ThlS was
;ipj; shown to be the case by recoverlng these ribosomes from
::hﬁﬂ
.,‘; .

R From Table l one can also see that the use of
.l;p mM KCl at the dlssoc1atron step and 300 mM KCl 1n the
e S

R @geucrose'gradlent was just as éffectlve as u51ng 500 mM KCl
-
in both cases._ The advantage of u51ng lower salt in the
sucros; gradlent is t ‘h} Lmlze the salt effect on the

;1subun1ts whxch may affect the(gonformatlon and act1v1ty.
o e

Sﬂnce nearly 30% of the 808 rlbosomes were st111

resxstant to dxssocxation at h1gh KC1, the questlon arose

9} .
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Tablé 1. Dissociation of run off rlbosomes into subunlts

under various conditions of lncubatlon

- - —
MgClz-KCl‘concentraﬁion (mM) '
Polysome 1ncubatlon ~ Dissociation Sucfozs 3
condltlons step L . - gradiddts Dissociatjon
| L. . . w
EXPT. I - |
Control 0°C | 5-100 - 5-100
- -Incubated 37°C - . 5-100 5-100 4.8
Incubated 37°C + . o
incorporation 5-100  ~ 5-100 - 12,1
. components* ' ' e ‘ ‘
 EXPT. II - . |
- Incubated 37°C - 3-300 T .3-300 25,3 -
Incubated 37°C ' .5-500 3-300 - 32.9
. Incubated 37°c 5-500  5-500 - - 33.1
- EXPT. III -
 Incubated 37°C + ’ . | - .
incorporation . 3=300 3-300. 65.8
‘components B : ‘ .
Incubated 37°C + , i o o
incorporation o 5-500 3-300" 72,6
components- : o o ' s
Incubated 37°C + o - o L
.incorporation R - -5=500 - - 52500 - 70.0
componéents - : : ' '

*All components requlred for amino ac1d 1ncorporatlon as
descrlbed 1n Materlals and Methods."
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‘as’ to whether the supply of enerqy or supernatant factors

Y

were adequate. ‘Table 2 shows the results of an experlment
'1n whlch the regular amount as well as a supplementalA
amount of creatlne phos. ate +,creat1ne phosphoklnase and
supernatant factors were used The addltlonal factors
.1ncreaseddthe percent dlssoc1atlon of run—off 80S from:

- 63%_to_80% Inltrélly thls appears as an 1mprovement how-
ever, if compared w1th other experlments in whlch the
routlne dlssoc1at10n was 70% then,the dlfferenCefhere is
vnot as.significant. | | w

- : . Rt

- All experiments‘up tO\thlS p01nt haa been done

‘M92+ durlng the 1ncubatlon, therefore, the
effect of’Mg2 concentration on polysome "run-off" was
examlnedﬂ“ The optlmum concentratlon was found to be in

the range\of 2.5 to 3.5 mM MQQ; (Table 3). Changlng the
M92+ concentratlon from 4 0 mM to 3 0 mM mlght ~improve the H
dissociation. sllghtly, but this would st111 not account for.
he remalnlﬁz KCl—re51stant 80s rlbosomes." '

‘The quallty of . the 1solated polysomes se@meq

to be the most critlcal factor in determlnlng the extent
‘ of d1$50¢1at10n., 031ng carefully Prepared polysomes and
fresh supernatant enzymes (i.e. never frozen) total run-off
of 80S particles was obtalned Whlch would dlssoc1ate com-
.pletely into subunlts at 500 mM KCl However, after
. scallng up the procedure 50~ fold the best dlssoc1at10n that

could be routznely obtalned was 80-90%. This same phenome-s

a,non has also been observed before (Falvey, Staehelin, 1970).
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Table 2. Effect of additional supefnatant factors land
creatine phosphate + creatine phosphokinase during

© incubation on the dissociation of run-off 80S ribos mes
~ into subunits. - : : - (
. {
«) - - . .. . ~
~MgCl,-KCl concentration (mM)
B S .
. . . N 1 \7 N
Polysome incubation Dissociation Sucrose ' ]
conditions . = - step - -~ gradient Dissociation
: ‘ : - ST . &
Regular components* = 5-100 -5-100 2.8
| 5-500 5-500 63.0
Additional ¢omponents' - 5-100 5-100. “11.5
| St 5-500 7 5-500 80.0

*Incubation with fegular‘amdﬁnt of incérporation components
$t‘37°_for 30 min as described in Materials and Methods.
Incubation at 37° for 20 min with regular components, . then

'additional;pH‘S:enzyme andicreatine'phosphate + creatine
~ phosphokinase was added and. the incubation continued to
45 min. hoL - .

@ e

- %h
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Table 3. Effect of Mg2' concentration during incubation.
' on the dissociation of run-off 80S ribosomes
“into subunits : :
“Mgciz-§01?éonceﬁt:ation,(mM)
Polysome incubation . Dissociation Sucrose S § ,
”conditions  //~ step. " gradient - Dissociation
Control 0°cC - 5-100 - 5-100  \7>~ 2.0
2.5 mM MgCl, " s-100 , 5-100 7 3.9
: o ~ 5-500 5-500. .  62.5 R
;/@*mm MgCl, . 5-100  s5-100 | 4.2
o o ) - o ) v ‘ JEI
B Y L 5~500 %500 . 57.0
5.0 mM}MgClz . .5-100 - 5-100 2.5
- S N5-500 5-500 ,  43.9 -

N o : v ,
Polysdmés[were'incubated-at 37° for 30 min in the complete
amino acid.incorporating System as described in the .- S
Materials and Methods. The control sample was incubated in
the presence of 4 mM MgCl,.. : R

. . .‘_ 8 - ' . R .
7 A " R . . ) b

;&jg\"“d
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The remalnlng 10 20% 80s r1bosomes were d1ff1cult to .
- separate from the 60S subunlt fractlbn wh1ch ultlmately
resulted in lower yields of pure 60s subunits. In order to

-obtaln complete dlssoc1atlon puromyc1n was used to sen-

1‘51tlze the remalnlng stuck BOS rlbosomes .

A{c) Treatment of "KCl-re51stant" 80S ribosomes
w1th puromyc1n , |

Puromycrn@ either by t}self or in comblnatlon .'
*with supernatant factors, has been used to make‘rlbosomes
| sen51t1ve to hlgh salt (Lawford 1969 Von Der Decken _
et aZ., 19705 Méchler, Mach, 1¢..; Blobel, Sabatini, 1971)

In order to find the optlmum concentration of puromyc1n for
our system polysomes were 1ncuoated ~n the. cell free incor-
poratlon system,vtreated w1th various concentratlons of
puromyc1n, exposed to 0.5 M KC1 and- then anaryzed 1n sucrose
gradients. Wlthout puromyc1n treatment approxrmateiy 30%
~of the BOS partlcles remalned undlssoc1ated (Flg. 4B) ;‘At‘
0.05 mM puromycin only a trace amount of BOS ribosomes
_ remained (Flg. 4C) At 0.1 mM complete dlssoc1atlon occurred.
(Flg. 4D). Thls concentration of puromy01n (0 l mM) is
lO-»to 20- fold less than has been used by other 1nvest1gators..‘

(d) Large scale preparation of rlbosome Subunlts

For the large scale preparatlon of rlbosomev
‘subunlts, 600~ 1000 A260 unlts of mouse 11ver polysomes were
used. Flgure 5 shows the sedimentatlon proflle of the

subunlts obtalned after the dlssociatlon procedure. The
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Figure 4;, ﬁﬁcrose déhsity4gradieﬁt analysis'of-"KCl»

resistant” 80S ribosomes treated with puromycin. Linear
sucrose gradients (10-20%) were made up with the same -
buffer as ribosomes except B~ME, DTE, and glycerol were
omitted. Centrifugation was in a Spinco SW 50.1 rotor at
40,000 rpm for?60 min at 4°, .. : o

“ALe PQlYSomes.indubated at 37° for 30'hiq in the presence

- of all components required for protein synthesis,
. ,, analyzed in 5 mM Mg2¥-100 mM KC1. o
¥/ same as A then incubated at 37° for 10 min in 3 mM
- Mg2*-500 mM KC1, analyzed in 2 mM Mg2+-300 mM KC1
C. 'Same.as A with sample adjusted to 0.0S'mM_pgromycin
~ _then incubated at 37° for 10 min in 3 mM Mg<*-500
‘MM KCl analyzed in 2 mM Mg2+-300 mM KCl. = .
D. Same as A with' sample adjusted to 0.1 mM puromycin
-~ then incubated at 37° for 10 min in 3 mM Mg2+-500
mM KCl, analyzed in 2 mM Mg2*-300 mM KCl. .
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Figure 5. Preparation of mouse liver ribosom:

units by sucrose density-gradient centrifugatio:
mixture for run-off of. polysomes was .prepared a:
in Materials and Methods. 100-150 Ajygp units (¢
' reaction mixture) were layered onto a 30 ml 0. 3-

convex-exponential sucrose gradient containing :
~Tris-HC1 (pH 7.4), 2 mM Mg2+, 300 mM_KCl, 6 mM ¢
-0.25 mM DTE. -Centrifugation was in a “pinco SW
.at 25,000 rpm for 14 hr at 4°. - The gralients we

tionated (1.9 ml fractions) using a flow cell at
to a GiL{ord Model 2000 spectrophotometer.

'4os

W Late 60

N\ Lead 60S fraction .
: , .l Bottqm

% Center 60S fraction

<
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408 subunlts were collected 1n one fractlon whlle the GOS
were collected as a lead, center, late_and bottom fractlon.
) ¥
2. Phy31cal characterlzatlod~of the 1solated ribosome

'subunlts
Four criteriawthat were-used to «wzzermine the }

-;purlty and quallty of thé ..... ;solated rlbosomw subunlts 1nclude

& »

W F

(1) a 51ngle peak’ on ‘sucrose den51ty gradlent analysls,

(11) ablllty pf theLSubunlts to reasroclt e to formVSOS.

wrlbosomes, ?1l1) homoggjelty of. "‘t rvbo fmal RNA

and, (1v) ~measurement of thelr anino acid inzor ooratlnglj"
ablllty.' The flrst three crlterla will be de: ‘rlbed in
this chapter whlle the blologlcal ac?1 ‘Y 1S under a

5

separate headlng in Chapter I1I.

(ai):: Analysx$ by sucrose denSJ_ty gradlent centrl—-b
i ngatlon lh ‘ _..'»: o f | Pl
Flgure 6 shows the sedlmentatlon proflles of

~-the subdhlts when analyzed on llnear lO 20%- sucrose
gradlents. The 40S subunlts showed no contamlnatlon wlthh

60S partrﬁles (Flg. 6B) as analyzed at 2 mM Mng and 200 mM

'KC1. (K /Mg ?-ratlo 100), when the 1solated 4OS subunlts.

were analyzed at 1 mM M§2 100 M KCl (K /Mg . ratlo lOO),

a sllght Shlft of the peak to the heav1er 51de was notlced

\\\.

This Shlft was small and was thought to represent a con-

flguratlonal change rather than dlmerlzatlon.b Other re-v

search groups have found mouse llver 4OS subunlts to dlmer1ze
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Figure 6. . Sucrose density—gradient"éﬁalysisxqfkiéplaged

ribosome subunits. Linear sucrose gradients (10-20%)
were made up in 20 mM Tris-HC1l (pPH- 7.4) buffer containing
the indicated amounts of Mg2+ and KCl.. -Approximately ,
0.5 Ajygg unit of ribosomes or subunits was analyzed. Cen-
trifugation was in a Spinco SW 50.1 rotor at 40,000 rpm

for 60 min at 4°. B o : i

'A. Run-off 80S ribosomes in 5 mM Mg2*-100, mM KC1 _
~ B. 40S subunits in 2 mM Mg2+-200 mM KCl ' |
C. 60S subunits in 2 mM Mg2+-100 mM KC1 e

-



only when exposed to.a mueh lower K /M92+.ratio. 'Homever,'
4 thlS does illustrate that not only the ratio but also the
absolute amount of K and Mg2+ are 1mportant in determ1n~
ing the sedlmentatlon propertles of the lsolated subunlts.
Inltlal ana1y31s of the 605 subunlts showed a
bsmall shoulder@of heavier sedlmentlmg materlal (results not
3hown). Thls materlal was. removed by resedlmentlng the 60S
subunits on a preparatlve convex—exponentlal sucrose gra—f
dient containing 5 mM Mgz+, and collectlng only the center‘

n
free of 4OS subunlts and more 1mportant1y,

(b)v,ReasSOCiationuof'ribosOme subunits to form

~ “

808 ribosomes

Isolated 40S ‘and 60s subunlts were mtked at

‘various . ratlos at 5 mM Mg2 (at the same total A260)

~and chn analyzed by sucrose gradlent centrlfugatlon.h‘ln'u
all cases 80S rlbosomes were formed with the optlmum A
-ratio of 408/608 subunlts beln; approx1mate1y 1/2 (Flg. 7).

- i

,‘Thls reassoc1atlon was spontaneous and dld not requlre the - &

fraction of the GOS’peak ' These 60S subunlts (Flg.:GC) were4

28
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.addition of tRNA mRNA or supernatant factors. At a hlgher:fp

'408/608 ratio (1 e. 1/1), the excess 40S appeared to £ rm

aggregates show1ng a broad sedlmentatlon pattern (Flpfl' :

In experlments descrlbed later (Chapter III

Results, sectlon 1) the hlghest amxno acid. 1ncorporatm‘n o

was obtalned in the presence of 4OS and 60S partlcles'1,

£

- a ratio of 1/2. 5 Thls is nearly equlvalent to: the theo-: ot

Ty
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Figure 7.  Reassociation of isolated 40 and 60S subunits

to form 80s ribosomes. The samples were analyzed as
described in Fiq. 6 with gradients containing 20 mM Tris-
HCl (pH 7.4), 5 mM Mg2+ and 100 mM KCl. Ribosome subunits
were ‘mixed in the indicated A260 ratios;, adjusted to 5 mM
Mg2* - 100 mM KCl and incubated at 37° for 5 min.
A, ‘4OS/GOS<A250“ratio 1/1

B. 40s/60s A_zso ratio 1/2

© C. 1405/60S A6 ratio 1/3 .
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: ret1cal ratlo1 of 1/2 4 for the st01ch10metr1c assoc1atlon
of 4OS and 60S subunlts. ThlS 1nd1cates that essentlally .

all of the 1solated 4OS and 60S subunlts are structurally

intact and are able to form 808 rlbosomes.

(c) - Analys1s of rlbosomal RNA

N
A ! '

4
{
The extent of" cross-contamlnatlon of the sub-

unit preparatlons as well as subunlt.structural lntegrlty

. can be determlned by extractlng and analy21ng thelr RNA.

l

The results of such -an experlment can be seen 1n Flgure 8
Run-off 808 r1bosomes showed 188 and 288 RNA in a ratio

of 1/2 4 (Flg. 8A), " The 408 subunlt preparatlon gave 188
RNA free from contamlnatlon by 288 RNA (Flg._BB) while the
>GOS subunlts showed 90% 288 w1th the remalnder com-
pr1s1ng a 2OS component and g low molecular welght RNA
whlch likely represented SS RNA. No 18S RNA was observed
1ndlcat1ng no- contamlnatlon by 4OS or 808 ribosomes. The
or1g1n of the 20s RNA was not clear but may be a degrada-‘

tlon product of the 28§3 A.

1The theoret1cal ratio was determlned from the molecular
weight of the 18s and 28S ribosomal RNA, assuming the64os
‘subunit contains one molecule of 18S RNA, Mw 0.7 x 10
daltons; and the 60S subunit contains one molecule of 28S
RNA, MW 1.7 x 106 daltons; 405/60S = one 18S RNA/one 28S
" RNA = 0.7 x 106/1.7 x 106 = A260 ratlo 1/2.4 (Petermann,
,Pavlovec, 1966; . Hamllton, 1967)
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Figure 8. - SuérQSe density—g;adient analysis of ribo-

somal RNA. Linear sucrose gradients (10-20%) were made

- up with 20 mM Tris-HCl (pH 7.4), 1 mM Mg2+ and 50 mM NaCl.
.. Centrifugation was in a Spinﬁo,Sﬂ 50.1 rotor at 48,000

. rpm-for 2.5 hr. S o TR ‘
- RNA extracted. from run-off '80S ribosomes
- RNA extracted from 40S subunits
. RNA extracted from 60S sWbunits -

S QWY

' ‘ (’.
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(d) Analysis of ribosomal proteins
The r1bosoma1 ‘proteins 1solated from the 4OS
and GOS subunlts were analyzed by polyacrylamlde gel
electrophore51s (Flgure 9). a large number of protein
bands were detected in. each case.v Although pre01se compar—

1sons.are dlff;cult, it is clear that the band patterns

of the protelns from the 40S and GOS subunlts are dlstlnct

from each other. A number of bandsonear the top of the:

gel of the 808 rlbosome are - not detected in elther;the 40S _

or 60S fractlon. These bands may represent loosely¥
bound protelns such as 1n1t1atlon factors, whlchvwereﬁ:t U
subsequently removed in the process of preparation'of the“‘
‘subunits. o

A questlon of current 1nterest is. wheéher

. rlbosomes from varlous tissues, and also from tissues

of dlfferent‘spec1es,<contain.the same ribosomal-pro— o
teins. An ear11er study on rlbosome subunlts 1solated ' B
. from L5178Y mouse lymphoma cells (Faber, Tamaokl, 1972)
' 1ncluded the polyacrylamlde gel analy51s of the rlbosomal

protelns." Comparlson of the gel patterns of rlbosomal 1
- protelns from mouse llver and mouse lymphoma revealed o .‘}’

some differences (Fig. 10).. The methods used for the . ‘ \";9
~ 1801;210n of subunlts and extractlon and analy51s of v_ _:"‘t/[

The numbers

protelns were the same for both tlssues.

e _
. assoc1ated w1th the proteln peaks on the den51tometer'
trac1ngs are purely for ease of comparlson and do not

represent the actual number of proteln bands, 51nce ‘a



o
Figure 9.
polyacrylamide gel electrophoresis. Ribosomal proteins
were extracted as described in Materials and Methods from
run-off 80S ribosomes, 40S and 60S ribosome Subunits.. '
~ Electrophoresis was carried out in 10% polyacrylamide .
‘gels containing 6 M urea at pH 4.5 with migration from
the anode to cathode at 4 mA/gel. The proteins were
'stained with 1% Amido Black in 7.5% acetic acid for
1 hr and then destained electrophoretically.

Analysis of mouse liver ribosomak proteins by

33
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Figure 10. Compéfison of mouse liver and L5178Y mouse

lymphoma ‘ribosomal proteins. Polyacrylamide gel electro-:
Phoresis-was carried out as-described in Figure 9. Gels '
were scanned at Agsg using a Gilford Linear Transport - . .~
apparatus attached to a Gilford Model 2000 spectrophotometer..

- Lymphoma 60S ribosomal proteins
‘Liver 40s ribosomal proteins
Liver 60S ribosomal proteins - -

By
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51ngle band may contaln several dlfferent proteins (Fogel
.Sypherd 1968; Hardy et c:Z., 1969). - |

The rlbosomal prote1n~patterns foruthe.GOS sub-
units of lymphoma and‘liVer cells werebnearly identical
(Fig..lOBband 10D). Peaks 1 through 16 correspond in
mobility as w%ll as in peak helght w1th the only a¥ea of
difference belng between peaks 4 to 6. Protelnsnfrom-the :
lymphoma and llver 40s subunits,‘on the other hang, show
substantial dlfferences in the slower migrating protelns,
(peaks 1-7) although protelns 8-16 were essentlally the

same (Flg. 10a and lOC).»

_b. DisquSSion S o : | | fi'

| Early attempts to d1ssoc1ate rlbosomes by u51ng
magne81um chelatlng agents, such as ethylene dlamlne
:tetraacetlc ac1d (EDTA) (Lamfrom, Glowackl, 1962 Tashlro,
»Morlmoto, 1966) resulted 1n subunlts w1th poor blologlcal
.act1v1ty. Martln and . Wool (1968) successfully used high
fconcentratlons of KC1 to obtaln rlbosome subunlts that were
actlve in poly(U)-dlrected Phe 1ncorporat10n. Since that
: tlme, other methods have?become avallable in whlch/treat—

ment. with high concentratlons of KCl are .not necessary,

prelncubatlon of poiysemes (Falvey, Staehelln, 1970) and

.ythe uge of puromyc1n (Lawford 1969 Blobel Sabatlnl, 1971;

Von Der Decken et aZ., 1970 Mechler, 1971) belng two

other methods.
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For the analysis of 80S .ribosomes and subunits/
linear sucrose gradlents were found to be adequate. The
pract1cal llmltatlon of this type of gradlent is that .
particles slow down as they pass through the gradient
‘whlch results 1n a loss of resolving power, In 1967
Noll published aumethod-for,making an isokinetic gradient
in which all particles w1th the same den81ty sediment
at a constant rate throughout the, gradlent. The zdvan-

tage of this method is that w1th 1ncrea31ng tlme, separa—

tion between partlcle peaks 1ncreases allow1ng hlgh

e :
'resolutlon of complex patlcrns. These gradlents there-

l fore can be used as a dlagnostlc test for the quallty a

of a polysome preparatlon. In our preparatlons 9~ ll ;//Z%(//{
i separate bands were observed - The range of S-values\S—’/‘ |
for the polysomes was estlmated to ‘be 80- 4508 with’ an‘ | }f
average value of 360S (Noll 1967) ) ‘
_Q‘; . The 1mportance of the optimum K /Mg + ratlo
1n dlssoc1at1ng rlbosomes has been noted prev1ously

(Faber, Tamaokl 1972). Too low a value results in. poor

-

- dlssociatlon while too hlgh a value results in breakdown‘
g of the rlbosome part;cle. Dlslntegratlon of the r1bo~v.:>n
- some partlcle is belleved due to loss of stablllzlng
components,. prlmarlly Mg2 - ions fthao, ‘Schachman, 1956-
T1531eres, Watson, 1958; Hamilton, Petermann ;959).
Mg?+ 1ons are partlally respon51ble for.the forces thath ;

blnd the rlbosomal components together.. Traub and
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Nomura (1969), in studies on the reassembly of the com- ' s
ponents of E. colt BOS subunlts, have found that Mg 2+ ./gk
and K 1ons were absolutely required for theocorrect place—

ment of the r1bosoma1 protelns on the 163 r1bosoma1 RNA

olecule. These cations are belleved to neutrallze the
' ,

negatlve charges of the phosphodiester llnkages 1n the ;f-,
RN? molecule (Watson, 1964). Thls would allow nonionic
-weak bOnds such as hydrogen bonds and‘hydrophobic'interécl

tlons to assoc1ate the ribosomal proteins with the riﬁ%somal
~;ARNA. A second role for Mg2+ 1ons 1nvolves the blndlng of

- the small subunlt to the large r1bosome subunlt ‘In this -
case the dlvalent catlons neutrallze the anlonlc charges |
between the contactlng surfaces of the subunlts thereby
allow1ng other 1nteractlons to occur whlch give .a hlgh
'degree of orlentatlon and allgnment to the subunlt re-
-;assoc1atlon. There is- ev1dence for both proternhproteln
ﬁlnteractlons (Morgan et aZ.,_1963‘ Tamaokl, Mryazawa, 1967-
Lerman et aZ., 1966) as well as “watson-Crlck" type RNA—RNA
‘1nteractlons (Marcott-Quelroz, Monler, 1965 Moore, 1966)
,between the subunlts. Therefore the optlmum K /M 2+
‘ratlo for dlssoc1at10n3would appear to dlSplace suff1c1ent %;\e
Mg2+ ions to cause separatlon of the rlbosome 1nto subunlts

while 1nsuff1c1ent to cause changes 1n the r1bosomal RNA-

proteln 1nteract10n withln the subunlts.
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The- optimum concentration of puromyc1n for our

system was one-tenth that normally used by others: (Lawford,

1969 Blobel Sabatini, 1971) but was sufficient to bring -
about complete dissoc1ation of ribosomes because of the
relatively small amount of stuck 80s ribosomes in the
polysome preparations employed .Under these conditions

' there will be fewer peptidyl puromycin derivatives formed
which may be: capable of sticking to ribosomes.t_Subunits

prepared in this way should therefore, be cleaneriand :

ro-

possibly more active.

; The explanation for the observe§ slight shift ino,;

sedimentation profile of. the 1solated 4OS subunits could

involve a change in conformation to a more compact struc—"

4//tpre. This change ‘was. rever51b1e by 1ncrea ing the KCl -

concentration from 100 mM to 200 mM at a constant K /Mg2+

i
ratio of 100. Since increased salt was required to obtain

the original conformation, thlS suggests ‘that some 1nterna1

o anionic. groups are not properly neutralized Animal

ribosomes are known to contain the polyamines, spermineg
Spermidine, cadaverine and putre81ne (Zillig et al., 1959).
These polyamines have been shown ‘to stabilize ribosomes-
againstAenzymatic and- thermal degradation and to prevent
dissocxation in low Mg2+ buffers (Siekev1tz, Palade, 1962-'
- Ohtaka, Uchida, 1963)‘ The exposure to 0.5 M KCl in the
process of preparation of 40s subunits may have dlsplaced
some of the. bound polyamines causxng the change in con-

' formation.'

K



An alternatlve explanatlon would be that the
subunlts have dimerized, although for most 40s subunits
a kK /Mg ratlo much lower than 100 was required (Lawford
' 1969; Petermann, 1971). In an electron mlcroscopy Study,
Nonamura, Blobel and Sabat1n1 (1971) found that a K /Mg2+ |
ratlo of approxlmately 5 (25 mM K / 5 mM-. Mg ) .was requlred
to dlmerlze thelr isolated rat llver 40s subunlts. Falvey
and Staehelln (1970) prepared both mouse and. rat llver
ribosome subunlts and found the mouﬁe liver 40s subunltsy
bto be less susceptlble to dlmerlzatlon than the rat liver
40s subunlts. These observatlons‘make 1t unllkely that
-our 40s subunlts had dlmerlzed urider the condltlons used

| Rat 11Ver 60S subunits have been shown to form

dimers at 4° in low K buffers (Martln et al., 1969) |
.Our 1solated mouse llver 60S . r1bosome subunlts showed no
. tendency té\change conformatlon or dlmerlze under varrbus
'1on1c condltlons of - gradient analy51s.. L'

The rsofated mousg liver 4OS and 608 subunlts

were ev1dently phy31cally 1ntact 31nce they readlly re-

assoc1ated to form 80s rlbosomes at 1on1c concentratlons

routinely. used for 1solatxon and storage of rlbosomes (S mM

| M92+, 100 M. k* ) _ Cross-contamlnatlon of the 408 and 60s’

. 39

subunlts was very low as’ assayed by sucrose gradlent analy—,-”"

sis of the subunlts and extracted r1bosomal RNA The‘
1n1t1a1 60s subunlt fractlon contalned about 13% 40s -
subunlts whlch was reduced to 2% by ‘a second gradlent
‘separation. - The‘288;r1bosomal RNA.extracted from»the 60S

e
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subunits showed 10% of the total UViabsorblng material
to sedlment at 20S which may represent a cleavage product.
.Shakulov et al (1962) have shown that breakage of the
polyrlbonucleotlde w1th1n the rlbosome can’ occur due tod
mechanlcal breakage or rlbonuclease actlon, w1thout any
changes 1n the- phy51cochem1cal propertles of the subunlt

» The 51gn1f1cance of the drfference i, gel patterns
of r1bosomal protelns of the 40C ~ubunits of mouse llver
and mouse lymphoma are unknown a . tbls t1me.. Some rlbo—
somal proteins are belleved go differ from spec1es to

'spec1es (Otaka et al., 1968; Tak_tl et aZ., 1970- Low,"

Wbol »1967) Mutolo et al (1967) have shown by gel electro-w'

phore51s that rlbosomal protelns from sea urchln embryos
'hdlffered by as much as 50% from chlck llver r1bosomal
rhprotelns. These dlfferences could not be accounted for by
contaminat . 2 with cytoplasmlc proteln 51nce examlnatlon
.of tlssues of the same embryos or those at dlfﬁbrent
.“developmental stages showed no dlfference 1n rlbosomal
‘;‘proteln patterns. These results suggest that some rlbo-
somal proteins are spec1es spec1f1c.f 3‘ A |
Girolamo and Cammarano (1968) undertook a
7met1culous study of ribosomal protelns 1solated from
:tlssues of several animals. Thelr results also support

-

the concept of some ribosomal protelns belng spec1es—-

a4 7 /"

yspec1f1c. The most 1nterest1ng observat10n from thelr work

was that only the proteln patterns of the small subunlt
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:mouse 11ver and braln.\ In both the

(325), isolated from several tlssues of the same anlmal,

were dlfferent

L

Ev1dence has also been noted for differences in

_:rlbosomal protelns of various organs in the same animal

‘(Huynh-Van—Tan, et al., 1971; MacInnes, 1972; Delaunay,

C?\:“f

’ 1972). Generally the d1fferences are smaller than those

descrlbed above. MacInnes (1972) compared the rlbosomal
proteln patterns of the 4OS and GOS bosome subunlts of
:&all and the large

\_,
subunlts, he noted con81stant quantltatlve dlfferences

in some of thelr proteln components. However, no ma;or

»proteln bands were present in one tlssue and entlrely

A
1

‘absent in the otheﬁ‘.,

Support for our observatlon that the d1fferences

in the r1bosoma1 proteln patterns of the 40s subunlts of

“1%%&: and lymphoma are authentlc 1nc1ude. (i) the 80s.
trlbosomal“protein patterns of mouse liver and lymphoma.j.

'_ were ‘not’ 1dent1cal (11) the prepared subunits were

phy31cally and functlonally intagt which was not shown

“in other studles (capable of reassoc;atlon to form 808

‘ rlbosomes actlve in poly(U)—dlrected phenylalanlne incor-

poratlon), and (111) the GOS subunit protein patterns were

'nearly 1dent1ca1 Ln both electrophoretlc mob111ty and peak:-

' ;*'amplitude, 1nd1catinq rellabillty in the method of anaIYSIS"

41
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To try'to\answer why some ribosomal'proteins
"differ among tissues would be very speculative at this

time. Several proteins are known to exist which associate.
with ribosomes,tranSiently. They include initiation,
elongation'and te 1nation factors which may associate with ‘
“ribosomes of different species in varying degrees of
affinity. Thus differences observed in BOS ribosomal
protein patterns from variougatissues could be explained

by this phenomenon. However, in the case of ribosome
subunits most of the tran51ently bound proteins can be

removed during the preparation procedure. The difference,

therefore,'reflects the more. tightly-bound ribosomal

L 1

' protein components. .
Since the small'subunit participates.in'the.
‘initial step of protein syntheSis, it is interesting to
‘speculate that these observed differences might be associ-
' 3ated w1th the regulation of protein syngpe31s._
' Recently Bollen, Petre and GtoSgean (1972)
‘have observed the release of three ribosomal pr&geins
(s1, s2, one unassigned speCies) from E. coZz 30S subunits
that are engagpd in the initiation complex. Two are('«p-
known to function in a sppporting role for the 1nitiation
of . protein synthesis. Protein SI is required for optimal
»messenger RNA binding to the ribosome (Van Duin, Kurland, .
» 1970), while protein 82 in combination with other ribosomal
| proteins stimulates the binding of f-Met-tRNA to 3OS'

ribosomes in the presence of messenger RNA (Randa11~

[N
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Hazelbauer, Kurlend; 1272). These results,suggest that
"fractional proteihs'*(i e. present in amounts less than
one copy per 30s subunlt) cycle from free 30s shbunlts '
to those engaging in proteln synthes1s. Whether a 51milar
mechanism is fuﬁbtlonlng durlng 1n1t1at10n in eucaryotes

remains to be determlned

This chapter has dealt w1th the phy31cal

propertles of the 1solated rlbosome subunits. The most
crltlcal questlon to be: answered in any purlflcatlon

| procedure 1s whegher the 1solated component st111 retalns
1ts<blologlcal act1v1ty.\ Chapter 111 descrlbes/experlments

that show the blologlcal act1v1tx of the 1solated subunlts
. Yo e 5O 7.0 {:\ (@~ o
as well as-the propertles of an am1no‘he1d 1ncor"

Quip 257 L A
system utlllzlng precharged tﬁNﬁ S E




CHAPTER III |
MAMMALIAN CELL—FREE PROTEIN SYNTHESIS USING
POLY (U) AS a SYNTHETIC /RNA TEMPLATE
A, 'Intfoduction »
| ~In a cell free system first developed by Nlrenberg
and Matthae1 (1961), polyurldyllc acid was found to func-
tlon as the template for phenylalanine (Phe) 1ncorporat10n.
hThlS flndlng prov1ded exper1menta1 ev1dence for the ex1s-
‘Atence of messenger RNA (mRNA)._ Another significant
contribution of thevpoly(U)-directed Phe incorporation,
system.has been to prOvideda‘model whereby ribosomes;
supernatant enzymes and other factorSVCan.be,Eésted for
theit ability to shppo:t,protein_synthesis.b Ribosome
subunitsivete first implicated'in the process of pfoteinﬂ_
- syntheSis by.Gilbert.(l963) He found that both the 30s
| and SOS ribosome subunlts of E, colz were required. for
‘poly(U)-dlrected [14C]Phe 1ncorporat10n. Sucrose den51ty—
gradlent analysxs of the reactlon mlxture ‘showed formatlon
of a rlbonuclease sen51t1ve Phe 1ncorporat1n; complex which
‘had a range of sedlmentatzon coefficients from 140-2008
‘ The conclus1on from these experlments was that several 7OS
rlbosomes had attached to poly(U) in the process of
translating the message.'
Conclusive evidence for the involvement of the
30S subunit rather than the 70s rlbosome 1n the 1n1t1at10n t‘N‘

‘process came from work done by Nomura and coworkers (Nomura,
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Lowry, 19€7; Nomura, Lowry; Guthrle, 1967; Guthrie,
Nomura, 1968). Their results 1ndicated N—formylmethlonyl-,
tRNAF bound preferentlally to 30s subunlts programmed - by
poly(AUG) or f2 RNA and follow1ng the addition of’the 50s
subunit, formed an active proteln—synthe5121ng complex.

The preparatlon of actlve mammallan r1bosome
. subunits has been much more dlfflcult than from procaryotes.
The first methods to produce rlbosome subunlts used
pyro;hosphate, EDTA or low M92 ,concentratlon (Lamfrom,'
Glowacki, 1962; Petermann, Pavlovec, 1969). . These subunlts
characterlstlcally had poor blologlcal act1v1ty and in
many cases had undergone 1rrevers;ble structural changes.v
Martln and Wool (1968, 1969) successfully prepared active
mammallan rlbosome subunlts. Thelr method relled on. the
use of a h1gh concentratlon of KCl (0.88 M) w1th an
1ncubatlon at elevated temperatures. By thlS method they
were able to prepare actlve rlbosome subunlts from rat
'11ver, rat muscle, ‘rabbit muscle, and a protoz (Tetra-

o ey
) hymena pyrzformie) and also showed that the hYbrldiglbO‘@u~9

somesﬁwbre actlve. Lower concentratlons o&»KCl were found
to be effectlve 1fbthe rlbosomes were prelncubated 5nder.
"proteln synthe3121ng condltlons (Falvey, Staehelln 1970)
or in the presence of>puromyc1n (Lawford 1969). S ) ‘;;}LV“
v i ~In 1968 Mlller and Schweet reported that ret1Cu— ,;
"locyte rlbosomes washed with 0.5 M KCl1 requlred the addltlon

-of thlS r1bosome wash for the de novo synthe81s of hemo-

globin. If it was not added only nascent peptide chaing °. *
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In 1968 Mlller and Schweet reported that reticu-

¢l

locyte r1bosomes washed with 0.5 M KC1 requlred the addltlon

of thls rlbosome wash for the dﬂ/novo synthesis of hemoglo- :
nﬁ

b1n. If 1t was not added, only peptlde chains already

;1n1t1ated were completed R1bosome wash, when_added‘to a

poly (U)-directed Phe incorporating system, lowered the Mng

optimum from 10 mM'to 5 mM Mg2+v("Mg2+ shift"), These
" results suggested that rlbosome wash stlmulated the

formatlon‘of an 1n1t1at10n complex. : , e

\‘.\
2+

Using thé‘Mg shift assay two factors, IF- M

"1

and IF-MZ, were shown to be requlred for tyé 1n1t1at10n ‘ .
‘of polyphenylalanlne synthesis d1rected by poly(U) at low
M92+ concentratlon (Shafrltz et al., 1970; Shafrltz, .
Anderson, 1970 WOodley et al., 1972) This assay has

also been used to show initiation factor act1v1ty in

¢

rat llver (Grummt Blelka, 1971), Cthk ov1duct (Means

et al., 1971) and asc1tes cell- free systems (Leader et al.
',1972).ﬁ ”

In this chapter, studies on the enZymatiE activity
, of the lsolated mouse, liver rlbosome subunlts and run—off -)
80S ribosomes are described. ~Two poly%ﬁ)—dlrected Phe' |
incorporatlon sy§tems were used. The Nlrenberg system,

‘using.labeled [ C]Phe w1th crude supernatant enzyme

]



>

B

fractlons was used because of its 31mp11c1ty of design.
The secona, a precharged tRNA system, using labeled amlno-
acyl-tRNA and peptlde cha1n elongatlon factors eliminated

components necessary for the acylatlon of tRNA +The

"propertles of the 1ncorporatlon systemS‘and the utilizatlon'

of the precharged tRNA system for the assay of 1n1t1atlon

factor act1v1ty are descrlbed

“B. Materials agé.uethods' ’ ]-y "=. - .
, E. coli B and yeast tRNA were purchased from
Genekal Biochemicals Co:, poly(U) from Miles Laboratories
Inc.,.dlethylamlnoethyl (DEAE)-cellulose from whatman;‘
‘and Sepnadex G-100 and’ F1c011 from Pharmac1a._ Nltrocellu—
lose membrane fllters (0 45 um) were purchased egﬁher from
;‘Mllllpore Fllter Corp._(Mllllpore fllters) or from R-B
Filters Ltd. (Mlcgpfll fllters)._wl 'C]Phe (455 mCi/mmole)
was purchased from Amersham/Searle- [3H]Phe (6.15 Ci/nmole)

‘from New England Nuclear. ‘
dyﬁ - ’ _ — - N Q
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Ribbsomes . - .

“;pnlysomes and membrane—bound polysomes ‘were prepared

according to. Blobel and Potter (1967) and washed tw1Ce
with 6 5 M. xc:1 '

v .
A

/ ,
Preparatlon of- enzyme fractlons

The am1noacy1 tRNA synthetases and crude elonga-

__tlon factors were prepared by modlflcatlon of the methods

of Moldave (1968) and Arllnghaus et al. (1968). (30
| _(i) Am1noacyl~tRNA synthetases.

The ‘PH 5 prec1p1tate prepared as Qﬁscrlbed in
‘fgchapter II was used as a source of amlnoacyl tRNA synthe—
tase. The pH 5 enzyme fractlon was adjusted to pH 7 4
treated with JS% protamlne sulfate (pH 6. 5) for 30 min d‘
.at 0 C with stlrrlng._ ThlS was then centrlfuged at

o

12, 000 xg (av) fdr 10 m&n. (NH F SO was added to the- _'63 v"

_'supernatant and the proteln fractlon pr801pltated between
25 70% saturatlon was” colLected dlssolved in buffer A
contalnlng 15% glycer a dlalyzed agalnst the same

buffer.
| (ii) Crude elongatlon factors

‘Crude elongatlon factors were prepared from
the supernatant obtalned after prec1p1tat1ng the pH 5 7
'enzyme. _ Protam.ne sul,ﬁate -was-added to thls/fractlon ; | gvl

and the prec1pitate was removed by centrlfugatlon as



~described abo¥e. To the supernatant (NH4)2804 was added
and the protein fraction precipitated between 25-70%
saturatlon was collected dlssolved in buffer A contalnlng

15% glycerol,,and d1alyzed agalnst the same buffer.

Mouse llver#tRNA'

To the post—mlcrosomal supernatant fraction a
one—hundredth volume of 20% Maca101d and a one*twentleth
volume of 20% potassxum acetate (pH' 5 4) were added and .
shaken with an equal volume.of water—saturated phenol
for 30 min at room-temperature. The aqueous layer was ,
separated from the phenol layer by centrlfugatlon at 12 000 -
X g»(av) for 10 min. Two and one half volumes of 95%
ethanOl»was‘added tovthe’aqueous layer’and the samplen
was kept at -30° for at least ‘three hours. The prec1p1-
'tated RNA was collected by centrlfugatlon, dlssolved in
water, and the remalnlng phenol extracted-wlth ether.-.»
‘Pota551um acetate (20%) ‘was added to the. sample to a final
concentratlon of 1% and the RNA prec1p1tated w1t§ ethanol
-as above. The prec1p1tate was dlssolved in 2 M LlCl
0. l M pota351um acetate (pH 5 0). Undlssolved material
(hlgh molecular welght RNA) was removed by cent;ifugatlon.‘
Transfer RNA- 1n the supernatant was prec1p1tated WIth
ethanol and then dlssolved in 2 M Trfs—ﬁCl (pH 8.5).
,'Maca101d was added to a f1na1 concentration of 0. 04%

and the sample was incubated' at 37 C for 40 min. :Potassium'

vacetate‘and ethanol were addedvas above and the precibitated,

-
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'tRNA washed twlce with ethanol then tW1ce with ether,

dlssolved in 50 mM Trls-HCl (pH 7.4), 5 mM M92 ’ 100 - C1,
1 mM DTE, 0.25 mM EDTA and dialyzed agalnst the same bu .fer.

For immediate use the tRNA was atored in small amounts at
-300, but for long storage it was kept in powder form.

S8

"Nirenberg" amino acid incorporation s“y'stem’

The assay system for the 1ncorporat10n of [14C]Phe

1nto acid- 1nsoluble materlal contained per ml: 1 umole ATP,

0.3 umole GTP 10 umoles creatlne phOSphate, 50 ug creatlne

phosphoklnase, 200 ug poly(U), 20 umole Tris-HC1l (pH 7 4),

100 umole RC1l, 6 umole Bfmercaptoethanol (B-ME), 10 umo’ e

MgCly, 0.15 uCi [17‘"c1phe (455 mgi/mmole), 0.03 umole each
of 19 other amlno ac1ds, 1. 25 A260 units of rlbosomes,
100 ug mouse liver tRNA 250 ug crude e10ngat10n factor, and

200 ug am1noacyl tRNA synthetase proteln. The 0.2 ml

Wreactlon mlxtures were 1ncubated at 370 for 30 min and -

the reactlon stopped hy the add;tlon of trlchloroacetlc

acid (TCA) to a f1na1 concentratlon of 10%. The sampleS'

i,were placed in b0111ng water for 10 mln, cooled in ice,

filtered through 0.45 um Mllllpore fllters, and washed w1th
<Q0 ml of 5% TCA After drylng the filters for 10 min
under a heat lamp, hot TCA—1nsolub1e radloact1V1ty was
measured in. toluene—based sc1nt;11at10n fluld u51ng a

Nuclear Chlcago 11qu1d-sc1nt111atlon counter._-_ i
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Acylation of tRNAb ' :. B .

| .' Amlnoacyl tRNA synthetases were prepared fror
E. colz and mouse llver as descrlbed preV1ously. The
reactlon mlxture for charging of tRNA contalned per ml:
0.6 umole CTP, 4 umole ATP, lO umole creatlne phosphate,
50 ug. creatlne phosphoklnase, 50 umole Trls—HCl (pH 7. 4) ..
10 umole MgC12,100 umo\e KCl 6 umole s—g’i: 2-4 mg

am1noacyl tRNA synthetases, 2.5 mg mouse llver,tRNA or

5 mg of elthertyeast Oor E. coli B tRNA, .and 20'uCi§IBH]Phe

or_5 pCi [14C]Phe.* The reaction mixture was incubated

at 37° for 10 m1n and a one—tenth volume of 20% potassxum

"“,acetate (pH 5.4) was added Transfer RNA was extracted by

the HZO—saturated phenol method as prev1ously described.

The flrst aqueous layer was reextracted twice Wlth phenol

" RNA in the flnal aqueous layer was prec1p1tated by the

addition of a one-tenth volume of 1M NaCl tgp/volumgg of
\95% ethanol and MgCl2 to give a final concentratlon of ol .
10 nmM. After 2 hours at -30°., the prec1p1tate ‘was collected
by centrlfugatlon at 12,000 x g (av) for 10 m1n. The pellet
was washed three tlmes, 1n1t1ally w1th 6 ml of 95% ethanol
'(at —30 )., tﬂen ethanol/ether (1/1 ratlo) and flnally ether.
The acylated tRNA was dlssolved 1n buffer contalnlng 50 mM
pota881um acetate (pH 5.4) and 5 mM MgCl : Excess ether
was removed by gently blowxng nltrogen gas over the‘
surface. The solution was d1alyzed overnlght agalnst the -
same buffer and stored ‘in small amounts (0.05-0.1 ml) -

Kl

at 30 C

.

R
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Preparatlon of peptlde chain elongatlon factors EFi and EF2
-The elongatlon factors EF1 and EI-‘2 were prepared
from the crude elongathn factor preparatlon by the method
of Shafrltz and Anderson (1970) W1th a few modlflcatlons.
Three ml of crude elongation factor preparation (64 mg

s

proteln/ml) was dlalyzed overnlght against 20 ‘mM Trls-BCI
(pH 7. 4) contalnlng 1 gM Mg2+ 100 mM,KCl, 1 mH'DTE,
© 0.1 mM EDTA, and 15% glycerol Tﬁis was placed on a
1.5 x 80 cm Sephadex G- 100 ‘column equlllbrated with the
above buffer, and eluted with the same buffer. . The
column fractlons were assayed for elongatlon factor‘
activity as descrlbed below. |

‘(l) Assay of EEl activlty"

“The blndlng of [ H]Phe—tRNA to run-off 80S or:
‘tulce—washed rlbosomes was assayed usirg the Mllllpore
»fllter technlque descrlbed by Nlrenberg and Leder (1964) :
‘and as modlfled by McKeehan and Hardesty (l969).:v I Li,
- reaction mixture of lOO ul contalned the follow1ng comQt-
‘ponent5° 20 mM Tris—HCl (pH 7 4), 5 mM MgCl,, 100 mM KClj -
6 mM g-ME, 0. 25 mM DTE, 1 mM GTP, 25 ug poly(U), 0.5 A260
unit of rlbosomes, 3. 0 pmoles of [ QiPhe-tRNA E. coZz B
and 10 ul of each of the fractlons being tested. The
samples were incubated at 23° for- .5 min and the reactlon
'stopped by adding 3 ml of ice coid buffer contalnlng 20 mM
" Tris-HC1 (pH #.4), 5 mM Mg2* and 100 mM KC1. fThe :samples

were filtered through 0. 45 un Mlcrofx.l mémbranes and washed

o .
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;WJ
three times w1th 3 ml portions of buffer. The membranes

were dried and counted in a liquid sc1nt1¥lation spectro-

s S

photometer.f.,v‘_."‘ AU e Y

vji(2) Assay of EF2 actlvity

SR
v uThe EF2 activ1ty of the various column fractions

P 9
q

;gwas assayed by measuring the extent of. poly(U)-directed

*iwu polymerization of [ H]Phe 1n the presence of added EF.

1
;R
factor. The full assay cendltions are described below.v
R R 5;/.: fv/'; |
Sl : _’ 8 .-%

Precharged tRNA amino acid 1ncorporation system

| The polymerization of [ H]Phe or [ C]Phe from
precharged tRNA was assayed in a 100 ul reaction mixture
which contained the following: 20 mM Tris-HCl (pH 7. 4),
IOOmMKCl GmMB-ME,OZSmMDTE lmMATP 03mMGTP N
10 mM creatine phosphate, 5 ug creatine phosphokinase,
25 ug poly(U), 50 ug crude elongation factors or 35 ug EFl \i'%%%
,amd 40 ug ﬁFz, 0.2 Azso'un of . run-off 808 ribosomes, @

gw
and the amount of [ C]Phe tRNA or [ H]Phe-tRNA and

'_MgCl as indicated in the figure legends. The samples were
"incubated at 37 for the times indicated in the legends
f’and the reaction stOpped by the addition of 1 ml of 10%
'trichloroacetic acid (TCA). Hot TCA-insoluble redio-

activity was meelured as described previoualy. S ;@

N
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,4 S ml qf buffer per gram of llver. - The top two-thlrds

,centrlfuged in a Splnco Type 60 Ti rotor at 233 000 X g

N A4

Preparation of liver ribosome wash
Rlbosome wash was prepared by a modlflcatlon of
the methods of. Mlller and Schweet (1968) and Prlchard

b

et al. (1971) leers were homogenlzed as- descrlbed in
used contained 25 mM KC1l and hOmogenlzatlon was done in

of the p%st—mitochondrial'supernatant obtained by low ¢

: speed centrlfugatlon (12 000 x g (av) for 10 ‘min) was'p

(av) for 90 mln. The post—mlcrosomal supernatant was

' d1scarded and the pellets washed several tlmes with stand-

ard sucrose buffer (0.25 M sucrose - 1 mM DTE - 0.1 mM
EDTA, pH 7.0) and reSuSPended in theusame»buffer‘at 300'“

Aéso'units/ml. The suspen81on was adausted to 0. S M KCl

" by the addltlon of 4 M KC1 and stirred’at 0° for §0 min.

"Thls 0. 5 M KCl suspen51on was centrlfugedgln a Splnc&%%ﬁ

Type 65 rotor at 175, 000 x g (av) for 2 hours. wﬁé upper
two—thlrds of the supernatant was dlalyzed overnight
against buffer A contalnlng 20% glycerol and stored in

small amounts in llquld nltrogen.

' DEAE-cellulose chromatography5of"ribosome wash

The crude 0 5 M KCl.rlbosome wash was dlalyzed for

5 hours. agalnst buffer I (10 mM Trls ~HCl (pH 7.4), 1 mM. Mg2

o :' .
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‘:Chapter II for polysome preparation, except that the buffer'“

100 mmM KC1l, 0.1 mM EDTA and 1 mM DTE) followed by a. further f

2 hour d1a1y51s agalnst the same buffer contalnlng 50 mM
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KCl (buffer II). The tiﬁb"éome wash (10-15 ml, 9 mg
proteln/ml) was placed on a DEAE—cellulose column (1. 3 ’

' x 25 cm) prev1ously equlllbrated wlth_buffer II. The

. c'olumn’w.a*s. eluted with buffer II and then with a 0.05.

\'M to 0.4 M KCl llnear gradlent (300 ml). Approxxmately
3 ml fractlons were collected at a flow rate of 30 ml/hour.,
Samples were taken for the measurement of absorbance at
280 nm and for the determlnatlon of the KCl concentratlon
by conduct1v1ty meter The column effluent was d1v1ded
1nto several fractlons, concentrated 3— to 5~ fold dlalyzed
agalnst buffer A contalnlng 20% glycerol and stored
frozen in small amounts in llqu1d nrtrogen. The ablllty
of each fractlon or comblnatlon of fractions to stlmulate
Phe 1ncorporatlon at 3.5 mM Mgzl.was tested u51ng the

’Tprecharged tRNA system.‘ , N T .

C. Results
1. 7Nirenbergdsystem" of cell-free amino acid incor-l
vporatiOn
(a) Optimum concentration of‘incorporation com-
Ponents : - . e |

In the first cell free 1ncorporat%pn system, the -

s.«s’

-a" ‘\

aminoacyl-tRNA synthetases and peptide«chaiq elongatlon
'factors were supplled by a crude 105,000 x g (av) cell
supernatant These two enzymatic activrties were separated
by a pH 5 2 treatment and (NH )2504 fractionation and |

Ty assayed at 5 mM and 10 mM M92+ (Fig. ll) The optimum’ |
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level of synthetase at 10’mM'hgz‘ was 15 ug Proteln.

ngher concentrations of syntﬁ%tase resulted in a decllne'
. of 1ncorporat10n.~ The crude elongatlon factors ‘were
requlred at 100 ug proteln to saturate the system, although
50 ug gave an 1ncorporat10n level 'equlvalent to 92% .

of the saturatlng le;el In both cases, the 1ncorporat10n
at 10 mM Mg2+ ‘was 3- to 7 -fold hlgher than at 5 M Mg2

CThe synthe51s of polyphenylalanlne was found to be hlghest

2+

at 9 mM Mg®" (Fig. 12a) and proceeded at a linearly

up to 0 6 A260 unit of 80S ribosomes (Flg. 12B).

,(b) Amino Acid incorijration by the isolated °

ribosome subunits R

SR

5} . ul

’ﬂ}f . Table 4 ‘shows the ab111ty~ of the 1solated
:subunlts to 1ncorporate [ C]Phe in’ the presence of poly(U).
NIn experiment I the 40s subénlts were 1solated from the
pgradlent in a 51ngle fractlon whlle the 60S were- collected
in- four fractlons (Chapter Iz, Flg. 5). The 40s subunlts
were found to polymerlze [ C]Phe less than 1% of that of ~'(,
the 80s- control : ThlS agrees w1th prev1ous results
‘(Chapter I11) whlch 1ndlcated the 4OS subunits to be essen-
vtlally free of contamlnatlon. The 608 subunlt fractlons on
' the other hand ‘exhlblted act1v1ty varylng from 9. 4% to o
17, 4% of the §0s control. Recomblnatlon of the 4OS and
center GOSisubunits in'an'A260 ratlo of /1.8, produced

g 808 rlbosomes whlch were as actlve as the control (Table

4 Expt last 11ne)
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Q .

- The incorporation was carried out at 37°
for 30 min as described in Materials and Me
0.5 A260 run-off 80S ribosomes.

0 °time (700 cpm) was subtracted.

2+__‘

thods using A C
Background. count at . . ™.
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Mg<* and run-off 80S. ribosome concentration , The incor-

poration was -carried out at 37° for 30 min as described

gj;inn&ate;ia;s.and.Methods;'For the Mg2+ concentration

; -, curve, (a),. 0.5 A%6¢0 unit .of run-off ribosomes, 10 ug

‘7.amippacyl~tRNAwsynthetaSeland 50 ug .crude elongation
+ factors were used. Fig. 12B contained the same components
pﬂ_g&ceptfZSQ@gﬁaminOacyIrtRNA‘synthetése was used. ' - Back-

 + ground Tount at 0 time (700 cpm) was . subtracted.: '
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The 60S subunlts from experlment I were further
purlfled by recentrlfugatlon through a convex sucrose
gradlent contalnlng 5 mM Mg2 . Under these condltlons,
gany 4OS subunlt present would be removed by coupllng with

a’ 60S subunit t6 form an BOS rlbosome.i 60S subunits thus
-purlfled showed an act1v1ty corresponding to less than
2% of that of the run—off 80S rlbosomes (Expt. II). The
optimum A260_ratl° of 40S/60sS for the maximum activity'was'
found‘tO'be‘about 1/2, and was usually equal to or better

@
than the act1v1ty of the control run-off 80S ribosomes.
As the ratlo 1ncreased to 1/1 and 2/1 the 1ncorporat1ng

act1v1ty decreased to. 81% and 43% of the control respec-

t1ve1yb Flgure 13 shows the relatlonsh$®.between [14C]Ph

‘llncorporatlon and various A260 ratios: of 3 /60S subunits.

}.The ratlo g1v1ng the hlghest act1v1ty was und to be 1/2.5.
. DCA -

-presence and absence of poly(U) (Flg. 14).

| and strictly dependent on added poly(U) In thé'dbsence
of poly(U), the 4OS + 60S rlbosomes had an endogenous

act1v1ty one-half that of the ' 80s rlbosomes.v It appearsv
therefore, that sedimentatlon of the subunlts through the
0.3 M KCl preparatlve sucrose gradlent had the benef1c1al

effect of reduc1ng the endogenous act1v1ty.,

\ .

60



[“c] pHE INCORPORATED |
| (cpm x1073)

2d oy - ]

0 " 1 1 1 ' .'.‘.lj .
0 o5 10 15 20

* RATIO 405/605

Figure 13. Poly(U)-directed Phe incorporation by :
40S and 60S ribosome subunits recombined at various As60
ratios. The incorporation was carried out at 37° for:

30 min in the presence of 10 mM Mg2+ and 0.25 A0
40S + 60S ribosomes as described in Materials and Methods.

Background counts at 0 time (150 cpm) were subtracted.
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' Time course of {14

TIME (min)

run-off 805 and 40S + 60S ribosomes.

carried out at 37° in the presence .of

-0.25 A260 ribosomes.
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Under the optlmum condltlons of 1ncorporatlon

(Flg. 14) 185 pmoles of thelPhe—were 1ncorporated per A260

of 403 + GOS rlbosomes._ UsLng~a molecular welght of 5 d

4

x 10° daltons fOr the BOS rlbpsomes (Kuff Zelgel 1960-

Tashlro, thantls, 1965), he number of amlno acmds

i

polymerlzed per rlbosome can be calculated accordlng to

.9

the follow1ng1equatlon.
pmoles Phe 1ncorporated

i

Phe polymerléed by 80s T

pmoles 80S ribosomes

. - total cpm 1ncoﬁpprated
' ©  cpm/pmole Phe

-welght 80S
MW B0S

’,,

-Each 4OS + 605 couple was found ﬁo polymerlze on average
9 Phe re51due$.' But 1t is unllkely that all of the
f‘rlbosomes present were active in proteln syntheSLS. The
number of actave rlbosomes 1n/an 1ncorporat10n system

- can be estlmated from' the percent that dlssoc1ate in a
sucrose denglty-gradlent contalnlng 0 3 M KCl. Those‘
’r1bosomes/fhat are stable in 0.3 M KCl are engaged in
_polyphenylalanlne synthe51s (Lawford 1969 Falvey,
»Staehelln v 1970). Approxlmately 60% of our reassoc1ated
»subunlts analyzed after Phe 1ncorporatlon were found to be
::actlve by thls crlterlon. Therefore, each actlve 408’“

+ 60s coup&e incorporated 10 15 Phe re31dues 1nto hot

TCA-insoluble polypeptldes._

63
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2. "Charged tRNA system" for'amino acid incorporation
(a) . Phe lncorporation using a crude,preparation
of elongation factors
_/ | (1) Incorporatlon using mouse 11ver tRNA
A precharged tRNA 1ncorporat10n system was'
developed to assay ag 1v1t1es of peptide chaln elongatlon
and proteln 1n1t1atlon-factors.' A completely homologous
mouse liver system was . used 1n the early part of the study

since there is ev1dence both for and agalnst spec1es—

o~ ~ ’

specificity of 1n1t1at10n factors (Heywood 1970 Prichard
et al., 1971; Metafora et aZ., 1972; wigle, smith, 1973).

Mouse liver [ C]Phe—tRNA supported Phe 1ncorpor;
ation llnearly up to a concentration of 2 A260 units‘of
‘charged tRNA (Fig. 15). Of the [ dCIPhe-triA added, 463
was 1ncorporated 1nto hot TCA—lnsoluble peptldes when the
1ncubat10n was performed at 37°% for 30 mln.' Higher levels%
'of eff1c1ency (60 70%) were later observed when lower amounts
of acylated tRNA was used Thls suggests ‘that some other ‘
'component of the ‘reaction mlxture was rate—llmitlng.” L ‘;
| Examlnatlon of the klnetlcs of 1ncorporat10n’:f»'-
- showed [ C]Phe to be 1ncorporated at a llnear rate Eor ]

the flrst 10 m1n reachlng a plateau at 20 min (Flgu 16).,
j

In the absence of poly(U), ‘virtually no 1ncorporat10n

'took place. Several 1nvestlgators descrlbed 51m11ar systems

from other mammallan cells whlch show llnear 1ncv"

"for 3 to 5 min.
l
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Rigure 15., Phe polymerization as a function of mouse * -
liver {l4C]Phe-tRNA concentration. The incorporation,
in a volume of 200 ul, was performed at 37° for 30 min-
and contained 0.25 A260 run-off 80s ribosomes, 40 nug -
; pbly(U);~50“ug-crude'elongation,factors,nlo mM Mg2+ and

other components as described in Materials and Methods. "
- Background counts at 0 time (150 cpm) were sibtracted. .

- [14c]Phe-tRNA contained_6000 cpm/Rygq ‘tRNA, - .
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(ii) Comparlson of Phe 1ncorporat10n using -
mouse llver and E. coZz tRNA

One dlsadvantage of using- mouse liver charged ‘

v»tRNA wa3v€%e hlgh rate of spontaneous’ deacylatlon that

, "&v‘"’

occurred upon storage.' W1th1n 3-4 weeks approximately
50% of the cha ged tRNA was deacylated as determined by
‘cold TCA préc1p1tat10n. E. colz charged tRNA was found
to be more stable in storage (Marcker, Sanger, 1964), ?
“and wltg its ease of avallablrlty offered deflnlte \; )
“advantages. 'E. col? Phe-tRNA has been" shown to serve
@as substrate ih a rabblt retlculocyte cell free system

e

(Shafrltz et aZ.,'1970) and was also found to be capablel

-

of supportl g. poly henylalanlne synthe31s in the. present
p

cell-free system. Kinetic analysis revealed that leer

_tRNA supported a' faster rate of‘incorporation than E. coli,
tRNA (Flg. 17). The higher level of. 1ncorporat10n attalned |

" .
by E coli tRNH»at 15 mln was due to the . presence of a

sllghtly 1arger amount of [14C]Phe—tRNA substrate..-

.- B . -
. i ‘ ) T 'g“, * ~ . . )
e -0 (iii) Stlmulat;on of E. coZz Phe—tRNA

- . t

1ncorporatlon}by mouse llver r1bosome
. . .1

wash ’ T .

i f ' e ' T

Flgure 18 shows the stlmulatlon of poly(U)-directed-

1pPhe 1ncorporatlon by the addltlon of varlous amounts of

'

' llver 0. 5 M KCl rlbosome wash The\optimal concentratlon

: of r1bosome wash was 65 pg proteln whlch resulted 1n a

3 S-fold 1ncrease of 1ncorporation over the control

l .
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* ization with mouse liver and E. coli [14C]Phe-tRNA as
-Substrate.. The incorporation was carried out at 37°

'in the presehce of 7.5 mM Mg2+. At., the indicated times

100 pyl was removed which contained 0.2 Aj¢p run-off

805 ribosomes, 25 ug poly(U), 50 wug crude elongation N
factord, 2800 cpm mouse liver '[14C]Phe-tRNA or 3200 ¢pm. .. | .
E. ecoli [14C)Phe-tRNA, and other components as descr bed:’ . .
:in’Mate;ials‘and.Methods.' Background counts were not I
'subtracted. . - ST : o

1 \ f
. . . . /:-/ . ‘ ’ v N o
O0—0, mouse liver [_]"?C]Phe—,_tRNA“ o .

&b, E. coli [Y4c]Phe-tRNa.
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;a(né ribosome wash present). When [° H]Phe 1ncorporat10n was
2+ '

-

measured as a functlon of. Mg2+ concentratlon, a "Mg
 shift" from 7.5 to 3. 5 mM M921 was observed on the’add}tion
of rlbosome wash (Fig. 19). A‘tlme course was also.
performed at low and hlgh Mg 2+ in the giesence and absence
of ribosome wash (Fig. 20). The'results again showed“

K stlmulatlon of 1ncorporatlon by rlbosome waSh at low Mgz

concentratlon. )

. .‘ %‘ .
v(b) A more reflned 1ncorporatlon system u51ng

partlally purlfled elongatlon fadtors,'

¢

s ‘EFl and EF2 | o

(1) Isolatlon of EFl.and EF2

Results descrlbed above showed that the precharged

o
T

- tRNA 1ncgrporatlo%§§ystem was capable of detectlng 1n1t1a—

| tlon factor activity lnwthe r1bosome wash "In order to o §

"/1\3

further characterlze the requirements for polypept1de~ g

chaln 1n1t1atlon\and elongatlon, the. elongatlon factors : ’
i_EFl and EF2 weré‘partlally purlfled , Briefly the method
1nvolved a pH 5 2 trea ent of the post-ribosomal\sap?rna—'
1_tant treatment of the soluble fraction with- protamlne
sulfate to remove tRNA and (NH4)ZSO4 fractlonatlon and
‘.flnally resolutlon of the act1v1ties by gel flltratlon.

Fggure 21 shows the separatlon of EFl and EF 5

»by Sephadex G—lOO chromatOgraphy.7 EFl was found to elutegwA

shortly after the v01d volume« This suggests the molecular

- 69

_welght of EFl to be less than 150 OOQ daltons. »Addltron,'uf~:

e
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-
]

(cpm x 1073)

PH] pHE INCORPORATED

/ od : : .
/ 2+

. Figure 19. Polymerlzatlon of [ H]Phe at varlous Mg
. concentratlons with and’ without ribosome wash. . The. 3

- fﬂlncorporatlon was carried out in a volume of 100 ul at 370
. for 10 min and contained 0.2 A260 run-off ribosomes, 50 ug°

crude elongation factors, 90 ug ribosomes wash, 6000 cpm

E. coli [3H}Phe-tRNA, 3.5 mM Mg2+ and other components as -

descrlbed in Materials and Methods. .. Background counts at

:0 time. (200 me) was. subtracted

\—‘f‘

o———c, w1th rlbosome wash
 '07r~&y w1thout rlbosome wash
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Figure’ZO, Klnetlcs of - [ H]Phe 1ncorporat10n at 3.5
mM and 7.5 mM Mglt in. the presence and absence of rlbosome
wash. Iricubation was carrled out at 37°. " From each o
reaction mlxture, 100 ul was removed at the indicated
times, which" contained-SO -ug’.crude elongatlon factors, . -
90 ug ribosome wash and 6000 cpm E. coli [3H]Phe-tRNA and
other components as described in Materlals and Methods. v
Background counts were not subtracted ‘
A 7.5 mM.Mg2+.:without r ibosome wash :
R
;N

without ribosome wash
'with ribosome: wash
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~ Figure 21. Isolation of peptide chain elongation factors
. by Sephadex G-100 gel filtration. Crude elongation factors’
(3 ml-of 64 mg/ml)were placed on a 1.5 x 80 cm Sephadex . .
'G-100..column, prev*ggﬁly equilibrated with 20 mM TriS-HCE§é e
(pH 7.4), -1 mM Mg2*;*100 mM KC1, 1 mM DTE, 0.1 mM EDTA, 1% = *
15%-glycerol and- fractionated as described in'Materials‘3§%§
and Methods. 'EF] activity was measured by the binding of i
- [3H]Phe-tRNA to twice washed ribosomes at 239 for 5 min ¢ J¢ -
in the presence of 5 mM Mg2*. The EF, activity of the. ’
» column fractions was assayed by measuring the extent of
poly(U)-directed Phe polymerization in the presence of . _
added EF; factor. EF; activity was corrected for non- e
. enzymatic binding [3H]Phe-tRNA’ ribosomes (50 cpm) and - o
EF, activity corrected for background: counts at-0 time
:(280 cpm). S T e R

-
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of Efl 1ncreased the blndlng of [ H]Phe—tRNA to poly (U) .
1

programmed rlbosomes 12-fold over the amount nonenzymatl-

'cally.hound. Two smaller peaks of am1noacy1 tRNA blndlng _'

act1v1ty were observed after the maJor peak Ev1dence for

multlple forms of EFl has been observed w1th other ‘mamma-

llan sources (Schneir, Moldave, 1968; Colllns et aZ., 1972).

. The activity of EF, was monitored by measuring the
EFl-dependent polymerization of [3H]Phe in'the cell-free

system. The bulk of the act1v1ty was eluted in fractlons

‘21-24 Just prlor to the hemoglobln peak (Flg. 21). | Sever-

~al other smaller peaks thet stlmulated Phe polymerlzatlon

- in the presence of EFl were observed although the exact

a

nature of these 1s unknown. Colllns ei al. (1972)"also_

observed the elutlon of ra% llver EF2 before the hemo-

[}

. globin peak on a Sepharose 6B column The molecular

74

2' .

weight of rat liver EF, has been reported to be 96, 500 o :

‘;daltons :9000 (Raeburn et aZ., 1971).,“

- contamination.

In the followxng experlments, the EF1 and EF

‘fractlons were selected on the basis of minimum cross- .ok

7

s
“

(ii) Requirements for Phe incorporation at
i 24 ) S
7.5 mM M92 usxng E. ¢oZz§:
as substrate )
—\ . )

Incorporatlon of Phe at varlous concentratlons

“of EFl or EF2 in the presence of saturatlng amount of the

other was studled (Flg. 22) The results show that the-

;

’H]Phe-tRNA -
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amonnt of elongation factors required to satnrate the

system was approximately JO”ug protein of each fraction; and
in‘their presence 80-90 pmoles [3B]Phe were incorporated

per mg enzyme per A260 unit of run-off 80S rlbosome. Table/

5 further defines the requlrements for Phe incorporation

at 7.5 mM Mgz . Rlbosomes, EFl,' 9+ GTP and poly(U) were

essential. The addition of creatine phosphate plus creatlne
phosphokinase increased the level of 1ncorporat;on by 30%.
Possible‘mechanisms for this increase will be discussed

-

later.
_(iii)““Effect'of ribosome-wash on Phe incor-
2+

©

. poratlon at 3.5 mM Mg

The crude O 5 M KC1 ribosome wash stimulated Phe
1ncorporat10n approxlmately 9- fold at low Mgz+'concentratlon
(Table 6). Requlrements for thls reaction at 3 5 mM Mg2+

are outllned in Table 7 This 1ncorporat10n was hlghly

T dependent on the presence of rlbosomes, poly(U), and

an-energy source. As was observed earller, ‘the ‘energy-
vgeneratlng system also ‘contributed to the level of incor-
"poratlon. Creatlne phosphate and creatlne phosphokinase
are used to’ regenerate ATP from ADP whlch is requlred for
acylatlon of tRNA Since the present system re11es on |
a precharged tRNA, creatlne phosphate and‘creatine phospho-

kinase should have 11tt1e effect on [ H]Phe 1ncorporat10n.’

”u;_However, since the ribosome wash contairs aminoacyl—tRNA

synthetase actlvity.the.energy-generating system~may be

Q-
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 Figure 22. [IH]Phe polymerlzatlon as a functlon of EF
and EF, concentration. The " incorporation was carried ou%
at 37° for 10 min in a volume of 100 ul which contained
6000 cpm E. coli [3H]Phe~tRNA, 7.5.mM. g2+ and other
components as described in Materlals ar ‘Methods. 'Back-
.ground counts were not subtracted. . ‘:j., '
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Table 5. Requlrements for [ H]Phe 1ncorporat10n at 7.5
- mM Mg2* using E. coli charged tRNA as substrate

_\13H]Phe'ineorporated/Azéo ribosemef

Y
Reaction mixture pmeies o | ¥ contrdl
Complete 8.9 ~ 100.0
-ATP, GTE_ N I S 6.1
-GTP . AU 0.9 10.3
-Creatine phosphate " - S

creatine_phosphokinase 6.1 _' : ‘ 67.9-
-poly(u) - 1.2 14.0
;ribdsomes : ' 10.l>_¥v' R 0.9
}EFl and EFZI_‘ o | 0.1 ',‘ o 1.2
Incorgoratlon, in a total volume of 100 ul was carrled out
at 37° for 10 min, 1n the presence of 35 ug EF,, 40 ug . EF
3.5 pmoles E. coli [3H]Phe-tRNA " (equivalent to717.5

_vpmoles/Azso ribosomes), and_other components as descrlbed

..in Materials and Methodg Bickground at 0 time (0.25
pmoles) was subtracted. : Lol



~

[

. Table 6. Stimulation of Phe incorporation by various
amounts of 0.5 M KCl ribosome wash. g .

4]

[3H]Phe incorporated/A260 ribosome
Ribosome wash : : :

(ug protein) - . pmoles : fold-stimulétion_
. ‘ 4 ‘ : ‘ = . .' , ’ .
0 1.9 ‘ 1.0 |
‘ . ) Lo . ‘ - * v
18 - 2.9
36 11.4 C 6.0 ‘
54 -~ 15.0- ‘7.9
90 o 16.1 ‘ 8.5 .
08 - . 169 - g4
126 R 16,5 g7
\.\ . . “.ﬁ:

Incorporation in a total volume of 100 ul was carried out .
at 37° for. 10 min, in the presence of 35 ug EF;, 40 ug EF,,

3.5 pmoles E. coli. [3H]Phe-tRNA jequivalent to 17.5 -
pmoles/A 60 ribosome), 3,5 mM Mg<* and other components as
~describ in Materials and Methods. Background at 0 time

(0.25 pmoles) was, subtracted. =~ . - . I

ke
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/

wash .« wash - : wash

. "Reaction mixture \“RQQ‘ c B (30-wg). - (90 ug)

p.3

~ribosome.., ~-ribosome . +ribosome

complete % 1.9 o . 5.6 12,5
-ATP,GTP - . 0.4 0 03 gl

-GTP S Y Y THN N S SR 11.3°

S B . . vy ST |
r—d . . ) } B oo we . o

~creatine phosphafe

creatine phosphokinase’ 24,0 Lm;ffigfp3§.‘  < 946 N

-poly (U), . 0.6

N

' o 0.5 o

-

._.0.00.

-ribosomes : i 0.0 W ] »
3 C09) L aa b 13.7
—EE"Z . ’ . . é o . . . 0_. 7 ’__ . - 3..(;9:'_ E > . \lj? 2 -

-EF) and EF, L~ 0.0+ 3.6 0 12.2
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utilized to.recharge deacylated tRNA‘thereby increasing
L 9 L] . 3 . . ,.\

polymerization of ,Phe. Examination of the cold TCA- ../
1nsoluble radioactivity (i. e. at 0° which includes counts
in both 3H—polypeptides and [ H]Phe tRNA) after incubation
revealed no 1ncrease in total counts. Therefore, there

;was no charging of tRNA with free [ H]Phe'ruling out the-

’above %ossibility;' .

In regards to the requirements for energy no’
L

fincorporation ocgurred 1n the absence oi ATPLand GTP ' |
(Table 7)» However, in the absence-of GTP variable amounts
did ocbur. Dependence on GTP was much more pronounced at
30 ug of rlbosome wash than at 90 ug, suggest ' that’the‘
ribosome wash contained .GTP. h
The dependence of incorporatlon gn added EFl
'and EF2 was also abolished ‘in- the presence of 90 ug\
ribosome ‘wash suggesting that the ribosome wash containedf
, these factors.\iElongation factors were shown to be
. present in r1bo$ome wash from reticulocytes and Krebsl\

asc1tes Ir cells (Shafritz et al. ,1970, Gilbert‘and

Anderson, 1970~ Metafora ét-az., 1972).

. The relationship between the amount of ribosome

: wash and the requirement for elongation factors was

”wfurthef invgstigated by7two experiments. :In therfirsto

@

§Varying amounts of ribosome wash was added to two sets

of reaction mixtures -one of. which contained added EFl
and EFZ' the other did not (Fig. 23). At a wash concen-‘

, »- -

/*tration of 47 ug protein, Phe 1ncorporation was no - -longer

-
N i -

a

\.
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[*H] PHE INCORPORATED
- lepm x1073)

o .7 15 30 . 145‘

RIBOSOME WASH (;Lg protem)

s

)

\ . | o /}\ P _
v /'/\ "

Flgure 23. Incorporatié% of [ HIPhe as a functlon of

ribosome wash concentratlon in the presence and absence,

of EF,, and EF - The incorporation was carried out at 370

for 1& m1n 1n a volume of 100 ul whicH -contained 11,200 cpm

E. coli [3H]Phe-tRNA (2.8 pmoles), 3.5 mM Mg2+ and in the.

. appropriate samples, 3§'ug EF] and 40 ug' EF2.-VBackground
‘:dounts of 200 cpm were: subtracted : ' '

Ve
>

0—0. ﬁvithout EF, ‘a.n_dlgpz R o S
"oy . N ' ‘_ B .“ . | . ‘ b

@
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‘riboSome‘wash contains an activity different from“the

-'u ) ' _ . 82
dependent on added EF, and EF,. This clearly shows that sat-
urating levels of ribosome wasﬁ7(i.é£ 65 ugr‘Fig{ i8_and ‘G
Table 6 contalns §uff1c1ent elongatlon factors to support
incorporation.’ S - s

The second_experiment involwed-selecting a e
fixed‘level'of,ribosome wash (Olug‘or 30 ug),-with.varying
amounts of elongation’factors and'observing the‘amount‘of
Phe incorporated (fable b)-“vIn the absence of ribosome ‘
wash w1th saturatlng amounts of eIongatlon factors, the
level of 1ncquoratlon '1/3 that observed when only 30 ug ’ (A-
riboSome wash was present (Table. 8) and 1/8 when 45 ug ‘was |

present,(Flg. 23). thls supports that conclu51on thatvthe : ™~

AU ' S

elongatxon factors.k

',.‘

EF1 and EF2 were able to support 8.9 pmoles
2+

>

of [ H]Phe 1ncorporat10n at 7.5 mM Mg

at-3 5 mM Mgz v rlbosome wash was necessary to give an

(Table 5), but

-~

equlvalent amount of lncorporatlon (Table 8, line 5 7)

' N K ' I

"(iv) Phe ihcorporation by various liVer ;
rlbosome preparatlons and dlfferent

Phe—tRNAs

Using-E colz Phe»tRNA as substrate four dlfferent

-

preparatlons of mouse llver rlbosomes were tested for T

: thelr ablllty to support [ H]Phe 1ncorporat10n at 3.5 mM Mg2

(Table 9) Rlbosome wash stlmulated 1ncorporat10n by all

rlbosomes, though not- to the same extent. Run-off 80S

+

"and tw1ceewashed r1bosomes wére sxmiiar in thelr response.

i,

A
v
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Table §.

[3H]Phe incorporation as a fghction of added
elongation factors and ribosome wash.

Elongation Factors.
(ug - protein)

[3H]Phe incbrporated
‘AzeolribOSome

/.

 “{egfidvalent to 14.0 pmole
. combonants as described i

grouna‘hg 0 ti

[}

'”“;pxesence-of 3.5 mM Mg2+

[4

2.8 pmoles E. ooli. [3H]Phe-tRNA
8/Az60 ribosome), and other. '

me (0.25 pmo

n Materials and Methods.
le) was subtracted.

Back-

éibosqme_wésh EF, EF, pmolés> fa;d | o
(ug protein) - stimulation v

0 18 32 2.0 -

0 36 12 2.2 -

0 54 48 2.4 Lo -
300 0. 0" 6.5 . 27.
30 18 32 8.8 3.6
30 36 32 8.9 3.7

30 54 w 9.0 3.7 :
’ . ' —
: Ihcorpofation wa§~c;rried out at 379Jfo¥ iO min in the' “

83
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Table 9.

N .

- - subunits

[ H]Phe incorporation by varlous preparatlons of
o mouse liver rlbosomes. e
— , — = —~
[3H]Phe_incorpo‘rated(pmolés)/A260 ribosome
I ~ribosome ,+fibésome". fold
Ribosomes = wash . .wash stimulation
Y - .
Run-off . / ’ ' o .
ribosomes v 2.0 e 6.4 : 3.1
Twice-washed -
membrane-bound - \
__ribosomes ,“;_Vj‘ 4.5 - .. 8.3 . ... . . 1.9.
_‘Tche-washed . BT A T o
.ribosomes 1.7 : 5.6 o 3.3
405 + 60S L ' o _
2.7 5.1 . 7 . 1.9

Incorporation was carried out at 37° for 10 min, 1n:the'

- presence

of 35 ug EFy, 40 ug. EF 30 pg ribosome wash,

0.2 Agg ribosomes, and 2.8 pmo. es E. coZzVT3H]Phe-tRNA
er

“and o

Ribosome

1/2.5.

components as .described in terials and Methods.
subunits were present in a 40SA60S A,¢q ratio of -
Background at 0 time (0.25 pmole) was subtracted.

g |

}
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Surprisingly the ‘40S + GOS rlbosomes had a higher back-f SRR

_'ground actlvity (1n the. absence of rlbosome wash) than
s .

run-off 808 and consequently did ‘not respond as well ::‘} -l
Substrate spec1f1¢1ty was examlned 1n an experl- ”
. nent in which tRNAs from dlfferent sources were tested
E colz, yeast and mouse llver tRNA)were charged w1th .
=[ H]Phe as descrlbed in the Materlals and Methods In = 3; tw
'dthe absence of rlbosome wash llver -and yeast tRNA showed ) i
an optlmum Mg2+ concentratlon for polypeptlde synthe51s
of 8 5 mM while £, coZL tRNA wa at 6.5 mM Mg 2+ (Flg.,24)..
}aAddltlon of liver ribosome wash result: i if} |

. kr.rwl
decreases in- the optlmum Mgz‘ concentratlon to 6.5, mM Mg2

)

for llver and yeast tRNA and to 5.5 mM Mg2 for E coZz

- tRNA., W1th all three types of tRNA the maxxmum stlmulatldn

-by rlbosome Wash was ohtained at 3 5 mM Mg2

-
=

rlbosome wash '_V/ :Rﬁ
g e
- Crude 0.5 M KC1 rlbosome wa h”‘“

a DEAE\—cellulose column | (1 0 x 25”"‘_

(pH 7.4) buffer containingwi”mﬁ M

_and 1 mM DTE. When the. effluent A

in the above buffer was started As shdwn in Flgurb 25

b

1the column effluent was div1ded fhto,nlne fra?t;ons and
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A _MOUSE‘v LIVER tRNA . :
10 = ) . B A

)

-3

x10

B YEAST tRNA

{cpm
o
¥

v!.
I}

PHE " INCORPORATED

Ll

v o Do T ) C E-coli tRNA

ﬁigure 24’*5' ﬁblymerlzatlon ofN[ H]Phe at various Mg2+.
copcéntrations with and" wlthput rlbosome wash u51ng charged
tRNA“from E coli, yeast and ‘mouse llver. ‘The incorpora-

‘:tlénngs perfarmed at’. 339 fo; 10 min ‘in the presence of
- 35. Ry EFl,‘40 HG:: 232,190 ‘Hg liver ribosome wash and other

compouents as’ descrlbed in the Materials and Methods. ' Amino-
acyd ged tRNA. was . present‘;n the following amounts, 16,900
‘cpm¥ use liver - [3H]Phe-tRNA 6,000 cpm yeast [ H]Phe-

" tRNA ‘and 14,000 c¢pm E.' 2001 [3 ]Phe-tRNA. N

*—e, w1th rlbosome wash" @ . kahout,:ibosome wash.




and assayed singly\or'in comb: ta.ic. “Ar .ne ability . .

LY
1

to support Phe ineorporatioh | > mM Mg7‘. The results
‘ of a typical experihehtfare v in Table 0. .The three
;\lmdst aetiée'fraetions were: fratwjon I e.ated with 0.05 ,
"M KCl frac:1on VI eluted betwes ). ; ~ "~ M K"l- and
fractlon VIII eluted between 0. 31 0. Jb i KC nghest
stlmulatlon of incorporation was u:uall» ok _ained when

AN s ) ‘ .
all three fractions were present,~although in a few oy

—~

_experiments fraction I plus VIII,,ahd VI plus VIII also
gave high values. The haximum‘stihulatioh was.abdut‘SO%_
of that obtained Qith crude ‘wash. |
The 0 .05 M KCl pass—through fractlon appeared "

to be similar to’ IF—M1 obtalned from rabblt retlculocyte
(Shafritz, Andeison, 1970 Woodley et al., 1972; and rabblt
dllver (Plcc1ano et aZ., 1972) rlbosome wash The two
remalnlng fractlons VI and VIII were initially thought to
correSpond to the retlculocyte factors IF—M3 (eluted at
0. 17 M KCl) and . IF-M2 (eluted at 0. 26 0.32 M KCl) respec-
tlvely, as descrlbed by Anderson and his coworkers.» But,'
in the retlculocyte system only IF-M, and IF-M2 were re-
quired for poly(U) translatlon at ‘low Mng concentratlon.
In our system, hlghest stlmulatlon frequently occurred
when all three fractlons were added

B

. More recent results u51ng fractlonated rabblt
'liver rlbosome wash, revealed IF--M2 to have a much broader‘ |
/kjpeak (0 2-0.4 M RCl Picc1ano et al., 1972) than the | B
- corresponding reticulocyte factor (0.26-0. 32 M KCl) a 2

[ . N o . . : , . <>
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Figure 25. DEAE~cellulose chromatography of 0.5 M- KC1l

ribosome wash. Ribosome wash (10-15

was placed on a 1.5 x 25 cm DEAE-ce¥ e column pre- -
v10usly equilibrated with 10 mM Trida (pH 734), 1 mM
'Mg2*, 50. mM KC1, 0.1 mM EDTA, 1 :mM Qi fractionated

as descrlbed in Materials and Methp ‘YAbsorbance at

"280 nm was determined u31ng.§ portmon!bﬁ*eaqh fraction.
n

Llnearlty of the KC1l gradie

conduct1v1ty.

was verlfled by measuring

¢
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Table 1Q0. Stimulation of [3HIPhe incorporation by partially
‘ . - purified ribosome wash factors. _ . A
RN ’ . A : . . . ‘ /‘
1 Y S

A

_ 3Hiphe indérporated/Azso ribosome

‘Frgctioné ~ - pmoles —backgrqgnd. % control
~ Crude ribosome wash f_.2;O - - ) -
+ Crude EibOSOmé'wééﬁ . 8f9‘, v~=‘ 6.9 105.0 ’
‘T @Bowg). ;7 2.0 /~W> 0.0 0.0
VI (15 ug);1:  o e2.2 0 0.2 . 29
vIIfuas ug) J 2.6 :,}~ o6 8.7
I+vI : L 2.8 ~ Y 6.8 T 1l
NP i | D AT R .
revin O 3.y - 1.7 24,7 -
VI 4+ vizzs . . 3.9 . 1.9 276
I+ VF‘;,V%}I *  ‘” | "5.2‘ k “3'i:> - 46.4

-

Incorporation, in a volume of 100l was®carried out ak '37O
" wfor 10 min in the presence of 35 ul BF1 s 40 ug EF3, 90 ug

erude ribosome wash, 0.1 Azsorun-offjaog ribosomes,

2.5 pmoles E. coli [3H]Phe-tRNA, 4 mM Mg * and 6tfer compo-=

nents as described in Materials and Methods. Background

at Octime (0.37 pmole) was subspacted. ' o

a

e
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. ‘ “

possible explanation'of our data is that fraction VI
in fact contarms a con51derable amount of IF/M2 factor.

,iThe reason for the high stlmulatory act1v1ty of VI and

.
VIII comblned is not clear at present

- ' ¢ %f .
. ¢ '

D. DlSCUSSlon I Iy . /

It was shown in. the precedlng Chapter that the

:_rlboso e subunlts of mouse . llver as prepare& were physlcally
¥

:rntact. “In the present study they were found to 1ncorporate

-

: *
_Phe as. actlvely as run-off [ rlbosomes and were most

~a 7 } s

l act¥ve "at a_40§<§:S A260 ratlo of l/2 5 /96rpo}at1ng

4

S , _ o o
. lO—lS Phe residu per- 80§ rlbosome. These;subunlts.also. ok

showed llttle éhdogenous act1v1ﬂy

Pt
-

"” . ‘ >.

@tablllty of the mRNA—peptldyl-rlbosome complex [i\\’
o v .
.lrseems to vary dependlng on the typq}of tlssqe from whlch

.‘ y

/,;“it was lsolated. For example, polysomes from mouse

1’\plasmacytoma\tumor cells dlssoc1ated into subunits readlly

(at 1 mid Mgz+ and 100 mM&KCl (Mechler, _Mach, 1971). The '

e N
. . subunlts us obtalned were h1 hl actlve, s rtln the
J /Lh ghly RPO 9, the

. ——
1ncorporatlon of" 10- 25 Phe re51dues ver riboscme. To

! _
of the 4OS subunlts e 1nact1ve. Others’ have also
observed the smallé:w::Zmallan rlbosome subunit to be'less
-'stable than the larger (Tashiro, Slekev1tz, l965 Hamllton,

3

Ruth 1969)

xh



;’-g. ‘
‘The activity of mammalian ribosomé subun&ts R A

b

prepared by several groups 1s shown 1n ‘Table ll JThe

- -~

number of phenylalanine'res1dues 1nc0rporated per ribo-v‘ ' b

somg;is a;so indicated although some caution must be S

;. exercised in directly comparing these frgures ‘ Differences et

v

»in reaction conditions, such as temperature, length of in-
e @

cubation and whether the. concentratiqn of various cdmponents

[ 4 - "<A‘\
was optimized will result in 3ariat;ons of incorporation.

ot

" With this in mind these numbers.ﬁan be used dg a general

L'indicator of the activﬁty of the ribosﬁwe subunits produced
'C‘.‘-\ T @,

by various methods. In most of the preparations the GOS

»

Lsybunit fraction alone was capable of con31derable Phe in- o y

corporation due to contamin;tion with 4OS or GOS particles.

\2 . b

The mouse liver cell- free incorporating system}f

~

using run-off 80s ribosomes and prechargedbtRNA was found

to be W‘h}-suited for the study of protein synthe51s.i The

. system was dependent on added poly(U), ribosomes,_GTP,

elongation factors JTable 5) and had a low background o,

, gy
14C]Phe-tRNA served as.

a
.

_activity.. Both liver and E, coZz [

substrate in poly(U)-directed Phe incorporation.n Shafritzm.;~l@

and Anderson (1970) have observed Phe-tRNA from E. coZz A,

_ and rabbit réticulocytes td’function as substrate for poly-

b‘phenylalanine synthesis in a rabbit reticulocyte celi free

system. Efficiency of utilization of/avr tRNA substrate | g
‘was equivalent to that reported for rat liver (Moldave, |
1968), mouse brain (Gilbert Johnson, 1?32) and rabbit
“reticulocyte (Shtfritz et aZ 3.1970) cell-free systems.f
‘. N

e : .

e b
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‘Table 11. Poly(U)~directed [ P]Phe 1ncorporat10n by varxous
o " mammalian ribosome subunits .

& (14c)pPhe incorporated Optimum . Phe residues
: " (% of 80S control) 40S/60S incorporated
o - 4 - A,eo Yatio per ribosome
¢ Source of ribosome’s 40s 60S 40S + 60S . o0
- a . . < . ..’ j " ) .
Rat muscle . . 3.6 24.8 110 ’ 172 2-7
. . . . L * .
Rat liver® 9.0 - 22.0 105 172" <1
. . ' * )
Rat liver® 2.0 / 9-24 °so-80 . 172" 1-2
Rat & mouse” 1iver® 2.6°  15.0 70 N V7 N © 15-20 -

e ‘e

= ) e
N ‘Mousé/liver Y

1
Mouse plasmag . 1.0 + 100 1/1 15-25
- cytoma tumor" ’ : '

2.0 108 . /2.5 10-15

‘Rabbit , 1.0 4.0 100 172.5" . 3-¢
reticulocytesg : o \\\\ L :

Ribosgme subunits prepared by: a) Martin et al., (1969), b) Lawford,
(1969)),  c) Petermann, Pavlovec, (1971), dY Falvey, Staehelin, (1970),
e) Fabér, (this thesis),  £) Mechler, Mach, (1971), °g) Busiello et al.,/
' (1971). *Optimum 40S/60S - ‘A260 ratio was not determined; subunits™ <
were mixed for incorporation studies at- the ratio as indicated. +t Value
was not given; Mechler and Mach: just 1nd1cated that the 605 subunlts
had considerable 1ncorporating activ1ty. . !




m : Sephadex G-100, fractlonatlon of the crude elon-)"
| gatlon,factors produced two maln peaks of abt1v1ty.‘ EFi.iv
_deluted after the v01d volume and EF2 before the hemoglobln
bancfl Both fractlons were requlred for Phe Ancorporatron
1nto hot" TCA—lnsoluble pOlypeptldeS. After the .main EF1 ?
} peak, one or two smadler peaks of am1noacyl tRNA b1nd1ng
.act1v1ty were observed which varied in size and dlstrlbutlon
: from one pﬂeparatlon to - other.} A possxble explanatlon for 3 {
~thls dguld be that these zre aggregates of EFl as has been

' reported by Colllns et al. (1972) for rat liver EF.

1-
.Alternatlvely, the mlnor peaks of blndlng activity could o &%

. ! = / T
;represent 1;:;¥Lp ent in the crude elongatfbhxgactor ~ .

paratiOn. Shafrltz and' Ander§6n (1970) have shown - .
) {Z t rabblt ret}culocyte IF-M1 promoted the b1nd1ng of both

N—acetyl-Phe—tRNA and ‘Phe-tRNA to washed retlculocyte

-
. . N . : A s : > : . LA

'szsn-a Sephadex G-150 columi. Picciamo et al.  (1973)° -

f

‘ribosomes. They élso observed EF1 to elute before_IF#M'

idetermlned the molecular weight of reticulocyte IF—M1 to.
'be 96 000 daltons, which would place 1t on our Sephadex' V‘ o

G-100 proflle (Fig. 21) approx1mate1y between th%ﬂhemo- t' .

L.

.globin band and the maJor EFl peak.

Further cautlon must be exercised in 1nterpret1ng

4_[14

]

C]Phe tRNA binding data. McKeehan et al. (1970)

observed a factor in retlculocyte 0.5 M KCl ribosome wash :

~

whlch could bind N—Ac-Phe-tRNA to 1tse1f or te washed

r1b080mes.v Thls binding was 1ndependent of poly(U)

: ?‘&a W
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and GTP, with the complex bei: retained on a nitrocellu--
lose filter. The binding Vo, remalned 001nc1dent

: with the Phe actlvatlng en: ;me throughout several purlfl—
'catlon steps.® These results suggest that Phe—tRNA synthe—
tase present in the rlbosome wash promoted the blndlng of
'{ C]Phe—tRNA The crude elongation factor preparatlon ;
that we used contalned some amlnoacyl tRNA synthetase acttg;
'1ty, however, assay of our Sephadex G-100. fractlons
"-showed that actAV1ty to acylate liver ékNA with [ C]Phe ' //
;wasvln QL% vold volume and not coincident with‘our EFl
peak. This provides furthet‘e;idehce1tﬁat the factor
‘sepatatedfby sephadeESG—loo filtrét;on Was;‘in fact,vthe' '
‘amihoacyl-tRNA binding protein; '
The reason foflthe 1ncrease in 1ncorp0rat10n
act1v1ty by the addltlon of the ATP-generatlng system -
(creatlne phosphate, ‘creatine phosphoklnase) is not clear.

Shafrltz and Anderson (1970) also reported a 30% 1ncrease

in polyphenylalanlne synthesi - by the addltlon of pyruvate

"klnase and phosphoenolpyruvate (PK + PEP) to a- retlculocyte

cell—free system. Slmllarly Collins, Moon, and Maxwell h
(1972) reported 2-‘to 3 fold stimulation’of Phe‘lncorpora* FKQJ
tlon by PK + ®EP at 10 mM Mg *. They suggest that PK + REP
catalyzes phozphorylatlon of GDP (James, Morrlson, 3966)

and thus prevents the bu;ldup of GDP wh}ch mlght 1nh1b1t
proteln synthe91s by fqrmation of an EF2-GDP-r1bosome '

: complex (Skogerson, Moldave, 1968) o o

* . ) ‘ . . )
cot . » ~ r
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« our results confirm those of(others (Mlller, *.rﬂ
Schweet 1968; Shafritz et azﬂ, 1970; Gr}m;_\t 1970; 7
Means et al., 1971; Picc1ano et al., 1973) that r1bosomal
wash contalns proteln factors capable of 1n1t1at1ng

- polyphenylalanlne syn he81s.at low M92 concentratlon.‘ The
amount of -crude r1boso wash to saturate the charged |
tRNA system (Gskug) was approxlmately one-half that !
requlred by the Nirenberg system (150 ug). Thus/the lower
‘proteln content of the charged tﬁNA system appears to
1ncrease the sens1t1v1ty, but the reason is not clear

- at present.j_

The broad speci icity of.the 1n1t1at10n factorsv

‘ IE‘-Ml and IF-M2 &as 111ustrated when 11ver rlbosome wash

‘produced a_"M92+ shift" in the mouse llver system u51ng
E. coli Phe-tRNA as substrate. In the orlglnal E. coli

. poly(U)-dependent system, both N-acetyl Phe—tRNA a#?,Phe-
tRNA were required 1n the presence of IF-1 and IF-2 to
shift the Mgz optimum (Lucas—Lenard Lipmann, 1966). Lack

hof requirement for an N—blocked amlno acid in our system

‘can be explained by the fact that in eucaryotes the

'llnitiator tRNA Met--tRNAF is not formylated (Smlth

‘Marcker, lﬁﬁO). For - the purpose of assay 3f these factors J;‘} i

it is convenient that E colzuPhgptRNA can functlon in the
s”liver cell- free system, but- tﬁ//blologlcal 51gn1f1cance

remalns to be determlned - Ty



il - The results so_ far presented suggest that the

rlbosome wash contalns factors wh1ch 1n1t1ate the trans—

.latlon of poly(U). In the followa?g Chapter ev1dence w111

" be presented that the- rlbosome wash is requlred for trans-

’

Ailatlon of exogenous liver mRNA.

=4

- 96



| CHAPTER IV |

Isouéron oF MOUSE LIVE‘RS mRNA AND ITS TRANSLATION

| | IN A HOMOLOCOUS CELl.—‘FR‘EE‘ SYSTEH/;

A.v Introdugtion | | ' S
| Liver tissue contains two types of polysomes in

the cytoplasm which' are involved in protein syntheis. ‘

' Early attempts in vzvo and subseguent work using 1solated
polysomes have prov1ded ev1dence that free polysomes

synthe81ze proteins for intracellular use (e. g. ferrltin)

-

while those attached to the endoplasmic reticulum syn-
thesize extracellular proteins ((e g. serum albumin),b
v SiekeVitz, Palade, 1960; Birbeck, Mercer, 1961 Peters, :./ _lt
1962; Takagi, Ogata, 1968 Ganoza, wllliams, 1969- Redman,

.1969) Extracellular proteins are believed to migrate

from the rough endoplasmic reticulum to the smooth

‘e'doplasmic reticulum (Peters, 1962), p0351bly to the
: 1gi apparatus'and euen;ually are excreted from;the_ce114
by a process of reverse pinocytosis, The synthesis of
- [albumin amounts to about one—third of the total protein
f produced by liver hence con51derable 1nterest has. been
"focused on the structure and functlon of albumln. Recently,
this topic was reviewed by Peters (1970).

~ An initiaIs%ttempt for the cell- free synthesis.
,of albumin under the direction of exégenous mRNA employed m'
'rat liver RNA extracted frOm albumin-synihesizing poly—
- somes which had been precxpitated by anti—albumin serum

(Uenoyama, Ono, 1972) It was found however that.thev7

albumin mRNA fraction thus obtained was . partially degraded
: . 97 : Lo



hand was only-capahle of producing'short polypeptide
chains although they were stlll reactlve with antl—albumln
antlbody. Ev1dence for the cell-free production of the |
complete albumin molecule has so far been lacdking.

’ 'Most mRNAs from- mammallan cells contaln a
segment of polyadenyllc acid (Kates, 1970; Lee et al.,

‘1971 Darnell et aZ., 1971; Edmonds et aZ., 1971 Mendeckl

v

et al., 1972) w1th the possxble exceptlon of histone mRNA '
(Adesnlk Darnell, 1972) : These segments contaln 150 =200
adenine re51dues whlch allow the1r seledtlve blndlng to’
dMllllpore filters (Rosenfeld et aZ., 1972), as well as
,poly(U) (Sheldon et aZ., 1972) and oligo d(T) (Armstrong, S a
‘et aZu, 1972) covalently linked to cellulose. Recently, 5 |
cellulose was found capable of binding sypthetlc poly(a) -
1at hlgh ionic strength (Kitos et al., 1972). Schutz et aZ:
(1972) made use of this observatlon for the 1solat1on of
‘1ntact globln and ovalbumln mRNA.
| The functlon of poly(A) in’ mRNA is not clear
but since it is added post- transcrlptlonally (Darnell
ret aZ., 1971), it may be 1nvolved in the proce851ng -
of mRNA. An exceptlon was the f1nd1ng by Adesnlk
and. Darnell (1972) that hlstone mRNA d1d not contaln .
‘a poly(A) segment Lack of poly(A)'may~~onfer special |
propertles on the MRNA and it has been noted that
-.vhlstone mRNA appears in polysomes/earlier than poly(t‘\)\>
bcontalning mRNA (Schochetman, Perry, 1972) and seems to

have a shorter llfetime than other mRNAs (Borun et aZ.,
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1967; Craig, ethaz;;"l97l) ‘This suggests that poly(A)
may be 1nvolved in controlling transport of mRNA from the
nucleus to the cytoplasm or’ possibly alters the mRNA
lifetime by changing’its stability _

Experiments described in thii Chapter provide"ﬁ
evidence for the synthe813 of albumin directed by exogenous
© mouse liver mRNA in the homologous cell free system.
Messenger RNA extracted from total and membrane Bound
polysomes by two different methods directed the syn— . -

btheSis of albumin. Further fractionation of RNA by

N cellulose chromatography and sucrose den51ty gradient o

centrifugation was examined A cell-free amino ac1d

incorporation system ut11121ng run-off BOS ribosomes was © -

developedrwhich was_strictly dependent on mRNA and‘v\ R

"protein‘initiation\factors. Ana1y51s of the products by
polyacrylamid%/gel electrophore51s and 1mmunoprec1pitation‘
1_showed that newly-formé&)albumin could account fot\up
to 8% of the total protein synthesized
i : fMaterials and Methods' _
| Sigmacell type 38 microcrystalline cellu}ose,
B cycloheximide and sodium dodecyl sulfate were purcﬁased
l‘ from Sigma Chemical Co.; phenol and Amido Black from J T,
Baker Chemical Co.. aurintricarboxylic ac1d disodium
’ ethylenediaminetetraacetate and ammonium persulfate from

P

Fisher Scientific Co.; sodium deoxycholate and v1tam1n B2

from Matheson, Coleman andeell; acrylamide, N, N'-methylene-




blsacrylamlde and N, N, N', N'-tetramethylethylenedlamlne
from Eastman Kbdak Co., Aquasol SClntlllatlon fluld from
New England Nuclear- mouse serum, chlcken serum, rabblt
aﬁt&serum to chlcken serum, and rabbit anklserum 'to mouse _
albumln from Nutritional Blochemlcals Corpbratlon, [ C]Leu,
'342 mC1/mmole and 14C-proteln hydrolysate 57 mcl/mllll ’
atom carbon from Amersham/Searle.

‘ All buffers and glas;ware used for the preparatlon
oquNA were autoclaved before use. . Plastlc gloves were

used in all critical handllng procedures to prevent

K ,‘

p0531ble RNase contamination. . . i

Ribosomes - ;‘ : f‘ | : . _ d/ l : -
Run-off 80s r1bosomes requlred for amlno aczd
ﬁ'lncorporatlon were prepared as descrlbed in Chapter II.
’ Some modlflcatlons were 1ntroduced 1n the preparatlon of
membrane-bound and total polysomes. They’ 1ncluded-
doubllng the volume of homogenlzing buffer from 2. % ml
to 5.0 ml buffer/g liver, slower homogenization speed
(approxlmately 400 rpm),:and gentke handling of the post-
mltochondrlal supernatant by large-bore plpettes.v Large
polysomes were prepared in this way ‘without bentonlte.
o . : .i'“

Extractioniof polysomal RNA | ‘ '{: : b

| ; RNA was extracted.with phenol by theynethod>o£

Schutz et al., (1972) with “minor modlflcations. Total .

100

polysomes or membrane-bound polysomes were treated w1th 1% _,‘
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DOC in the presence of post-rlbosomal supernatant The

101

polysome pellets were resuspendedv1n 20 mM Tris-HC1l (pH 8.3), "

5 mq EDTA, 75 mM NaCl 0 5% SDS and an equal volume of
phenol ﬁsaturated with the same buffer) was added. The
‘plxture was shaken for 10 mln\at room temperature and
,centrifuged at 10,000 x g (av) for 10 min. The aqueous |
layer was removed, and the phenol layer reextracted with ,
buffer.‘ The pooled aqueous phase-was extracted twice more
with phenol The final aqueous layer was adjusted to 0 3
M LiCl; 2.5 volumes of 95% ethanol was added and the -XS
sample‘stored overnlght at -30~ RNA prec1p1tated was col—
~lected by centrlfugatlon, dlssolved in a minimal volume of .

20 mM Tris-HCl (pH 7.4) contalnlng 20% glycerol and repre-

c1p1tated The flnal prec1p1tate was washed three tlmes

‘with etﬁanol and dlssolved in- Trls—glycerol buffer at .a '*

< ~

-_concentratlon of 100 200 AZGO/mL'

Polysomal RNA was also extracted by an SDS EDTA
‘methOd (Rhoads 'et al., 1971). The polysome pellets

‘were resuspended in SDS buffer (40 mM Trls HCl (pH 8 3),

_S mM EDTA, 20 mM sodlum.acetate,.1.0%-SDS) and 1ncubated__

at.37o for 5 min. Seventy-five A26d unlts (4 ml) were

' (3
layered on l!%ear 10 to 30% sucrose gradlents (30 ml

- in SDS buffer), and centrlfuged in a Splnco SW 27 rotor»
- at 22, OOO"rpm for 14-hrs at 230 Recordlng of the optlcal

' den81ty proflle and recovery of the gradlent fractlons

was as descrlbed in Chapter II. Fractions correspondlng

to '15-208 RNA were pooled,42.5'volumes of 95% ethanol'was,
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“Na, . . . .
N
o, . _ _ &
S . v - -

~added followed’ﬁé NaCl to give a final concentration of
0.1 M. 'RNA precipitated waS'washed with ethanol as
described above, dissolved 1n Tris—glycerol buffer and
stored in small amounts 1n llquld N2

- & "’
A :

Cellulose chromatbgraphy of polysomal RNA
| Polysomal RNA (100 -600 A, 0 unlts) was diluted
10-fold with buffer containing 20-mM Tris-HCl (pH 7.4),

0.2 mM Mg3*¥

, 500 mM KC1 and applied toalx 6 cm cellulose
column (l g dry weight) preV1ously equilibrated with the _
same buffer as described by Schutz et aZ.,°(1972) The o
, column was washed w1th high salt buffer until the wash
gave a reading lessvthanv0.0l A260' then eluted with 4 mM
Tris-HClv(pH l 4) collecting l'ml fractions. Absorbance
at 260 nm was measured and peak fractions were pooled and
RNA recovered by ethanol preCipitation. In some cases
" the pooled fraction was dialyzed briefly againgt 20 mM
Trék-H%} (pH 7.4) 20% glycerol and stored in small i | :_'P
.amoufze in liquid N2 R K . -
Cell- free transljgion of mRNA ; RS

Protein synthesis-wds measured in a cell free
‘anino'ac1d incorporation system utilizing run-off 808 o }
'ribosomes. The reaction mixturevfor each’ assay contained
'in 100 ul: 0.1 umole ATP, 0 03 umole GTP, 1 umole creatine
phdsphate, 5 ug creatine phosphokinase ’ 12 5 ug: mouae"

liver tRNA, O‘Z‘AZGO ‘unit of mouse liver run—off'aos,v

T .
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ribosomes, 600 ug supernataﬁt’étotein, 150 ug ribosome

-~

'wash protein, 0.25 uCi'[l4é]Leh ahdAS mumoles of each of

was 10 ug ppr assay for cellulose—column '

and 50 ug_for.lS-ZOS RNA. "* The reaction was'carfied_out‘at
. , _ . .

"300 for the times indicated in the ﬁigure 1egends. ?ot

v

’TCA-lnsoluble rad10act1v1ty wars determlned as described:

1n Chapter III

1

Analy81§ of cell free products by polyacrylamlde gel

electrophore51s. i -

"

Y '
When analy51s of: translat&onal products was

,1ntended [ C]Leu was substitu ed'by 4C proteln hydro-
'lysate (7 5 uCl/ml reactlon mi ture) contalnlng ‘15 labeled
L-amlno ac1ds. Cold methlonlne, tryptophan,‘asparaglne,~-
glutamlne and cystelne we{e supplemented at 50 mumoles/ml
Reactlon mlxture components for-lncorpotatlon wereascdpEd
up lO—foldfand’in .some cases Soefold. Samples were incu—
.bated’at 30° for .60 min and centrlfuged at 149, 000 xg (av)
- for 90 min. The supe xatant-waSVremoved and.subgected‘to
polyacrylamide gel‘electtophoteSis as descrlbed‘under 4

| Matefials and Methods'ih‘Chhpter'I'. After eleCtrophoresis
‘was completed the gels were staz;i§7w1th Amldo Black .
i(l%/by yelght in 7. 5% acetlc ac1d), destalned electrophore-l“
tically, scanned at AGSO to locate the proteln bands, and

then sllced 1nto 2 mm fractlons. Each flactlon was placed éf
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',in a counting vial and dissolued;in 30% Hz : by incubating \\
' at-GOo overnight. Ten ‘ml of Aquasol scintlllatlon fluld ’®'
was added under reduced light and the samples were cooled
1for 4 hours at 4 to reduce chemiluminescence. Under these

_conditlons a hackground eount of 40 cpm‘was observed. . )

M

Tl
Partial purification of albumin after cell-free trans-
Iation offliVernmRNA

Translation of mRNA ‘was carried out . in the
cell free system as described p;ev1ously in a total volume“

~

:of 5 ml at 30° for 60 min. The sample was centrifuged at

: 149 000 x g (av) for 90 mlél ?he‘supérnatant was adjusted
to pH 4. 8 and ‘the prec1p1tate removed by cent{ﬂfugation at
12,000 x q@(av) for 10 min. (NH4)ZSO4 was added to the
supernatant to 40% saturation at 0 ‘The resulting preci-
pitate was collected as above, washed twice with 40% |
B (NH,) ,50, “in 0. 02% potassium acetate pH 4. 8), and dis-

ﬁso mM Tris-HCl (pH '8.0), 6 mM g-ME and?dialyzed

solved in
. against the same buffer for 2 hr. The samp1e>was then

heated at 60° for 5 min., Aggregated“protcin{aas_remOVedr

by centrifugation‘and the supernatantfwas concentrated, if
.necessary,.by B15 Minicon Macrosolute-Concentrator (Amicon'
Corp., Lexington, Mass.) and analyzed by, gel ectrophoresxs.
' Albumi was purified 3- to 4- fold by th}s procedure as. |

'assayed bf gel electrophore31@5

arl

[ : - . el

’

b

{i
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C. Results : ‘ ﬁ{\ ‘ A ' ’i“
1. Isolation of’ mouse liver polysomal RNA
R (a) Dlstrlbutlon of RNA between free and membrane— u
bound polysomes
It has been shown<that v1gorous honogenlzatlon
condltlons can increase the. yleld of endoplasmlcgretlculum
“by fractlonatlng it 1nto smaller fragments (Blobel Potter,
1967).- Slncejﬁt is 1mportant in th}s study, to 1solate ¥
intact polysomes mild homogenlzatlon was used at a p0551b1e_
expense of polysome yleld. Table 12 shows the, drstrlbutlon e
of polysomes obtalned under. our- condltlons. Theayleld .
of total polysomes or free and membrane—bound polysomes:
was 35- 40 A260 unlts/g llver. .Inltlally total polysomes
were used as the source of RNA because of the ease of
obtalnlng large polysomes in the range of lO 20 808 rLbo—‘
-somes\;er aggregate. In a later stage of the study membrane—
bound polysomes prepared w1thout detergent were also used
Y : .
‘(b) Sucrose den51ty-grad1ent fractlonatlon of
} | polysomal RNA ) Q" o
' ;‘ - - Total polysomal RNA extracted w1th SDS—phenol was |
fractlonated by sucrose den31t§rgrad1ent centrlfugatlon.
iFlgure 26 shows the sedlmentation pattern of 50 A260 unlts
Xof RNA . analyzed on‘a 30 ml llnear 10530% sucrose gradlent

"Samples were tJhen from the varlous jfons éhd;testé¢j.pvw

for~the1r ab111ty to dlrect [ C]Leu 1ncorporatlgh 1n thev}T'

'cell free system.. The highest 1ncorporating act1v1ty was

‘
L .
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Tabie 12, Dlstrlbutlon of mouse llver RNA between free
' and membrane-bound polysomes.

Polysomes . §%260v AZBb ‘ A260/A280.f AZBO uults/g_llver:

Free . 0.29 0:17  1.70 15.3
. "Bound, . - 0.42  0.23 - 1.75 - 20.5
Total -~ 0.70 - '0.40 '1.78. - 38.0

Free, membreneibound, and'total polysomes were prepared , ,
as described in the Methods. ‘Membrane-bound polysom s were’ .
released from the membranes by DOC treatment and recagvered

by pelleting through 2 M sucrose buffer at 176, 04 g (av)
for 5 hours. :
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+ found in the 18s RNA® fraction. Since albumin mRNA has a
presumptlve sedlmentatléh coeff1c1ent of 18s fractions ' !
sedlmentlng at 15- 208 RNA were pooled anc RNA was recovered

@

by ethanol prec1p1tat10n.— R ‘ PR
..»f. -
'(c)FUCellulosevcolunn chromatographykof SDS-phenol
extracted RNA- _ |
RNAfwas'extreCted from'total,polysomes with SDS-,
phenol and.chromatographéd on ceilulose: Figure 27 shows
the(elutlon proflle from the cqlumn " RNA retalned by the
column at hlgh lonlc strength and subsequently eluted
-with 4 mM Tris-HCL (pH 7 4) buffer represented about 2% o
of the appl;ed materlal. Trls buffer was as effective asf .
udistilled.wéter i e elution of RNA. Table 13 lists
the results of several experlments in :Qlch 100 to 600 A260 L
units of RNA fnom total ‘and membrane—bound polysomes were’ ':?g.
v chromatographed Approxlmately 2-3% of total polysomal RNA oo
’fwas retalned on cellulose at hlgh ionic strength as com-
pared to 5- 7% of’the membrane—bound polysomal RNA.
| ‘ '_ Sucrose deﬁslty-gradzent analySLS of the cellulose
ipass-through and cellulose—retalned polysomal RNA is shown
in Fxgure 28. Cellulose pass—through RNA produced a sedl--

-

mentatlon proflle typical of that of mammallan rlbosomal
$

'RNA containlng a SS, 18s and 28S component.. The celluloseé

“retalned RNA,,on.the other hand; showed'a major<component -
. - . ? :

sedimenting at 14;165, and two minor peaks at 11S and 25s.

‘e
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'Figﬁré'ZG,‘ f-Fractiohation»of’polysomalRNAb> sucro
- density-gradient centrifugatibn. Polysomal RNA (50 .A

‘108
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(X

o s 10 15 - 20 25 30 35
R FRACTION. NUMBER

units) extracted from total polysome by the SDS-pheno
method was layered on a 30 ml 10-30% sucrose gradient
containing 20 mM Tris-HCl (pH 7.4), 1 mM Mg2+ and 50

TM NaCl. Centrifugation was in a.Spinco SW 27 rotor
. 22,000 rpm for 14 hr at 4°. " Fractions of approximate

0.9 ml were collected as described in Materials and
Methods, Chapter II. Samples (10 ul)ifrom-the'varigﬁ
fractions were tested for their ability to direct [

incorporation in the cell-free system.y - . '

4
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['%C] LEU INCORPORATED (cpm X 10"3%e=~4)
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”?igure 27. CelluloseICOlumn chrbmatography of bolysoma1
- RNA. ~-Polysomal RNA (225 A2gQ units) extracted from total
polysomes was diluted 10-fold with buffer containing 20 mM T
Tris-HC1 (pH 7.4), 0.2 mM Mg2+, 500 mM KCl and applied to . .~ b
a l x 6 cm cellulose column;previousry equilibrated ' o

with the same buffer. The co. .mn was extensively'washe:d
with high salt -buf fer;, then poly(A)-cdontaining RNA ;
eluted with 4 mM Tris-HCl (PH. 7.4) buffer as described

'in Materials and Methods. . ; :
,j:i.l. ..A. " . | . : "."‘.: . . A ‘



J

Table 13; Blndéég\?f poly(A)-contalnlng polysomal RNA to

‘cellulose at 0. 5 M KCl.f

, B e : | _ )\2‘50 units

. A260 units = eluted with ‘ -
RNA e - applied 4 mM risfHCl % RNA bound
Total polysomal 115 2.3 7 2.0
Total polysomal 225 6.6 2.9
Total polysomal 316 ~  ,11.0 . 3.4
Total po;ysomal 375 | ?f 6.5 | R
Total polysomal 600 . 18.5 3.0
Total polysomal 653 - 15.0- -~ 2.3
vMembrane—bound | SRR ‘ ‘ R
polysomal 220 . ;\}1.4 o - 8.2
Hembrane-bound _ : : '
polysomal .- 250 : 18.0 - ) 9.2“

o . ‘{;} . :
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"Figure 28v Sucrose densxty-gradlent analysis of cellulose
fractionated RNA.  Linear sucrose gradients (10-20%) were
made up with 20 mM Tris-HC1l (pH 7.4), 1 mM ngZ and 50 mM -

/\NaCI. Centrlfugatlon,was in a ‘Spinco SW.50.1 r at
48,000 rpm for 2.5 hr. A. Cellulose pass-thro h RNA.

B._ Cellulose-retained RNA. - _ 2

@
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~ Total polysomal RNA fractionated by.cellnlose
chromatography into pass—through and retalned fractxons was
"assayed in the cell free system for the abllity to d}rect
amlno a01d 1ncorp0ration. Figure: 29 shows [ C]Leu incor-~
. poratlon as a functlon of the RNA concentratlon. Celluloser“;
' retained RNA was found to have the hlghest 1ncorporat1ng
act1v1ty (4~ fold stimulation with this preparatlon of RNA).

A relatlvely hlgh 1ncorporat1ng act1v1ty was found in the
cellulose pass-through»fraction indicating that mRNA

with low poly (A) content may be present in thlS fractlon.
hslnce the p0551h411ty exlsts that poly(A) ‘may be sheared
~dur1gg phenol extractlon (Perry et. aZ., 1972) an alternatlve

method using SDS-EDTA for extractlon ‘of RNA followed by

sucrose’ dens1ty-grad1ent fractlonatlon was tr1ed

(a) SDS—EDTA‘extraction of polysomal RNA
Polysomes were dlsrupted w1th 1% sDs-5 mM EDTA
'and centrlfuged through a llnear 10- -30% sucrose gradlent

;contalning SDS- EDTA (Rhoads et aZ., 1972). The A sedl-

260
fmentatlon profile was nearly 1dent1cal to that of Flgure 26.-
Fractlons correspondlng to the 15—205 RNA were pooled and
'concentrated by ethano} prec1p1tation to be used’ in the

. cell- free 1ncorporating system for product analy81s.
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. mRNAsSTsuch as mouse globln and calf lens mRNA (2.5 mM Mg

114

2. Transdation of exogenous mcuse liver mRNA in a
‘cell-free system.

(a) Some general properties of the cell-free system

14C-labeled

L Y

amino acid 1ncorporat10n ‘into hot TCA—insoluble materlal

Figure 30 shows the time cohrse of

in the presence of cellulose-retalned RNA extracted from

total polysomes. It is seen that'the act1v1ty was depen-‘tlh i
dent on added mRNA (Fig. 30A) and 0 5 M KC1 rlbosome wash 'i{ ;
(Flg. 30B). The rate of. 1ncorporat10n was linear over the_ )
t1me period 15 to 45 min, hence 30 min was selected as the

lncubatlon»tlme'for futther experlments.
\\_ The'Mg2+ cOncentration curve exhibited a narrow
\ .

]

'range for 1ncorporation Wlth the optlmum occurrlng at 3.5
. mM Mg2+ (Fig. 31a). Slmllar values have been reported ) T

in an asc1tes cell- free system for the translatlon of o
2¢ "
ﬂMathewg et al., 1971 Mathews et al., 1972), hlstone mRNA«‘d”“_r_i

(3 ‘mM M92 ’ Jacobs-Loren, Baglionl, 1972) and mouse immuno- - .

globln llght-chain mRNA ( 3.7 mM Mgz', Schechter,v1973).)

' The concentration of KCl was found ‘to be less strlngent

%

2% with the optimum at 65 mM KCl (Fig. 31B).

| than Mg
| The effect of varlous concentrations of mRNA '
and rlbosome wash on amino ac1d incorporatlon are shown in
'bFlgures 32 and 33, respectlvely.' The relatlonship between
rate of 1ncorporat10n and RNA concentratlon was linear up
to 7 5 ug RNA and reached a plateau at about 15 ug (Flg. 32)

where a 9 -fold stimulatlon of incorporatlon was observed
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14C-LABELLED - AMINO ACIDS

INCORPORATED

X

A cpm XIO';’)

f\-.u—-""""\

+ WASH'

0 - )' 1 : 1 oo\ ' i
0 15 0, a5
' TIME (min) _

%ﬂ TJ.me course of amino: ac1d J.ncorporat.mn in .
,sence q,nd absence of liver mRNA and ribosome wash.
S ‘w8 extracted from total polysomes, and fractionated
"'+ by cellulose chromatography. The cellulose-retained RNA
.. " was used at a,concentration of 10 ug per assay. The
. reaction mixture was incubat &t 30° and at the indicated
- times 100 ul ‘B8ample was withdr ‘and hat TCA-precipitable
‘-radloactivity was assayed as' cribed in Materials and -
. Methods. Background act1v1ty in the¢mbsence of rlbosomes,
"310 cpm. was subtrq,cted from each sample. -
A.  e—e, with MRNA ; ;0-0, without mRNA
_B.: H, with’ rlbosome wash o-a, 'wlthout rlbosome wash
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Figure 31.° [14C]Leu incorporation as a function of the =~
Mg<t and KC1l concentration. RNA was extracted from total .
Polysomes, was fractionated by cellulose chromatography, '
and the column-retained RNA was used at a cOncenQration of
12 ug per assay. Theﬁincorporatiopvwas carried out at

30° for 3g+min in the presence of 50 mM KC1l (A.) and

3.5 'mM Mg4t (B.) as described in Materials~andyuethods.,f
A Mg2t cohcentration curve ' B
’,?; KCl concentration curve B .
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concentration. RNA extracted from total polysomes by

the SDS-EDTA method was fractionated on a sucrose density--
gradient containing 1% SDS - 5 mM EDTA, and the 15-20S

RNA used in the cell-free amino acid incorporation system
as described in the Materials and  Methods. Incorporation

wag carried out at 30°'for.30 min in the presence of 3.5 mM-.

\Mg2*, .65 mM KC1 and 150 ug ribosome wash protein. The.

ckground activity of-300’cpm_was subtracted from each
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;an.amount equivalent to that - needed for poly(U)—dlrected

¥

‘Phe 1ncorporatlon as descrlbed in Chapter III.

Sllght dlfferences of 1ncorporatlon level were

observed w1th new preparatlons of polysomal RNA and ribo-

\

some wash, - hence, for ‘each preparatlon the optlmum con-.

,centratlon was determlned The cellulose-retalned RNA

and 15-20S RNA were found to have the»same Mg2+, KCl

and rlbosome wash: optlma// In some cases the spec1f1c

2

act1v1ty of cellulose-retalned RNA ‘was hlgher than that

of 15-208 RNA

3
L

- Amino adid\insorporatlon d1rected by éxogenous

‘mRNA was examlned as a functlon of run-off 8OS rlbosome

'concentratlon (Flg. 34) " The total counts 1ncq§ased w1th

e 1ncrea31ng concentratlon of rlbosomes, but the counts

1 corporated per unit of A266 rxbgsome steadlly decllned
N

S

_ reactlon mlxture (0.2 Azso/assay) Slmllar results were

119,

-.Rlbosome wash became saturatlng at 125 ug proteln (Flg. 33),

The hlghest spec1f1c act1v1ty was found at. 2 A260 unltsfml ‘.w"°

obtalned when examlnlng the endogenous 1ncorporat10n by

llver polysomes (Flg. '35). Reasons for thls apparent
‘,/. ]

decllne in act1v1ty will be dlscussed later.

(b) Polysome‘formation'
o

In a cell free amlno ac1d 1ncorporat1ng system

utlllzlng 808 rlbosomes and exogenous mRNA proteln syn-

;theszs should be accompanled by the formatlon of polysomes.

This was tested by analyzlng the reactlon mlxtures in o

'ﬂsucrose densxtyfgradients% -

14 C]Leu wasplncluded-in the

. . : : . . . B . B : - Ve
N R e . . . .
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60/ml or 20 Ajge/ml liver polysomes. At

the indicated-times, 100 ul samples were removed and hot

TCA—precigitable
in Materials and

&—a, incubated

0—0, incubated

o—o, incubated

radjoactivity was determined as described
guethods.v _ _ . : ,

10 min
30 min

60 min - .
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reaction mixture to follow the distribution of newly-
formed proteins.in the gradients: Figure 36 shows ‘the
results of this experiment ln'the absence of added mRNA
(1ncubated at . 30 for 30 min), some counts were observed
on the top of the gradient but no radioactive material
sedimented as polysomes (Fig. 36A). A sample containing
both mRNA and ribosome wash but incubated at 0 also showed
no formation ‘of polysomes (Fig. 36B). However one 1ncubated
~at 30° for 10 min did form radioactive material which sedi- .
" mented in the region of polysomes containing 4-9 805 |

o ribosomes (Fig. 36C5' Contanation of 1ncubation for 30
.min resulted 1nka Sllght shift of the polysome peak to the
lighter side and an 1ncrease of radioact1v1ty on top of
the_gradient ‘These counts may,represent releaSedtpoly—
peptides; | : yi. | | | . |
| ThlS constitutes the first time, to the knowledge vy.
of the author, that exogenous mammalian mRNA has been shown
‘to support the formation of polysomes 1n a cell-free amino
ac1d 1ncorporation system Palac1os and Schimke (1973)
were able to synthesize ovalbumin using hen ov1duct poly—
somal RNA in a reticulocyte lysate cell-free system.
'Su.rose den81ty-grad1ent analysis of the reac-.on products
.was attempted but the labeled polysome patterns were dif-
ficult to interpret due to the simultaneous endogenous )
incorporation by reticulocyte polysomes. -Wang, Nascovand o
Arlinghaus (1972) have shown the 3H-labeled Raucher leukemia

v1ra1 RNA binds to ribosomes with the sedimentation pro-



N

1 § T

A gos

-mRNA,+WASH |-
30°, 30 min

T T T

+mRNA,+WASH 4

02,30 min

¥

A N
I Eraca” 22 T~~~ 1 il SOOI
g | ¢ +mRNA, + WASH 1 D " +mRNA, *WASH -
g | - 3030 imin B 1 ' 30° 30w,
H )
l
. _, . ]
Vv
| \L ‘ /
bl —
e "‘."’ \\] | |
I . - Y "'?'

'EFFLUENT ngUME {ml)

Figure 36.

dy

Sucrose density-

‘formed polysomes in the cell-free system translating

-~ exogenous mRNA.

~ contained 1 A
retained RNA,

1600 '

1200 -
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120C
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400

gradient’ analysis of newly

The. complete reaction mixture (100 ul)

260 run-off 80S ribosomes, 12 ug cellulose-
bosomal wash protein, 3.5 mM - -

150 ug:ri

65 mM KC1 and other components as described

n Materials' and Methods.  Convex-exponential sucrose

) were made up in 20 mM Tris-HC1l

(pH.7.4), 5 mM Mg2+ and 100 mM KCl. - Centrifugation was
in a Spinco SW 50.1 rotor at 40,000 rpm for 30 min.

gradients (0.3-1.0 M

The gradients were

radioactivity determi

A. Without mRNA, incubated

B. ‘With mRNA, incubated at 00 for
"C. “With mRNA; incubated at

D.

With mRNA, incubated“at

as. descr
at 30

fractionated“and.hot TCA-insoluble

8bed previously.
for 30 min.
30 min. .

30° for 10 min.
30°% for 30 min. . -
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! . o
perties/ of polysomes when incubated in a cell-free system.
| oo o oy
(c) Translatlon of exogenous llver mRNA by

| rlbosome subunlts. |

Mouse liver ribosome subunits isolated'by the
method described in Chapter II supported exogenous mRNA-

directed amino ac1d 1ncorporatlon. A study on the klnetlcs

:’t

- of 1nc0rpora ~ion revealed that the 40s subunits alone
» showed no aot1v1ty but When the 608 subunits were added ‘a.
. rapld ‘increase in 1ncorporat10n was observed (Fig. 37).
+The klnetlcs of: thls lncorporatlon by. the subunlts was
Vs1m11ar to that by 80s rlbosomes (Fig. 30A).
Table 14 shows the-results of.an-experiment ln ;
whlch the ab111ty of our r somelsubunits'to translate :
. both synthetlc and natural .'was tested Poly(U)-"
.f directed Phe 1ncorporat10n Y run—off 80S and 4OS + GOS
| rlbosomes was as. good as that reported in Chapter III |
However, to: obtaln a Phe 1ncorporat10n level equlvalent . to
the 80s r1bosomes a 405/608 Azso‘ratlo of 1/1 was necessary.

Hence, the 408 subunlts were ‘not as actlve as earller

preparatlons. When exogenous liver mRNA was used as

' template no 1ncorporat10n was observed wlth the 408 _ .‘.H%?f?.
.iaisubun;ts, whlle the 60s subunlts 1ncorporated [ C]Leu o
equlvalent to 5% of the 80s contraol Mlxtures of the
4OS and 60Ss subunlts in A260 ratlos of 1/2 and 1/1

showed act1v1ty equlvalent to. 65% and 76% of the 8OS control
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Figure 37. Time course of amino acid ‘incorporation by
1 iibosome subunits. = Incorporation was carried out using
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15-20S RNA (extracted from total polysomes), 0.06 Azgp .
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- in Materials and Methods., At .6 min, 60S subunits were
- added to the reaction mixture resulting in a- - 40S/60S A2g0 -
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Table 14. Translationof'synﬂﬁgtic'and natural

mouse liver ribosome subunits.

mRNA by

Poly (U)-directed
[14C]lPhe incorporation

Efggenbué mRNA-directed
[+?ClLeu incorporation

Ribosomes ’pmoles/Azso- %ccontrol

‘pmoleS/Azsd‘ % control

'80S - 154.7 ) 100.0 -
40s 4.3 2;8;
© 60s N 2.1 1.4
‘405 +‘60sT 134, - '87.0
s

-40s + 60s’ 158.3 . 102.3

<

S 11.7

0.0

0.6

7.6

el
8.9

100.0

0.0 »

5.1

65.0

 76.0

Incorporation was carried out at 30°
. in the Methods withAeaph assay contai

- run-off 80S or 4¢s + 60S ribosomes, 40 ug pol
SDS-EDTA extracted 15 - 20S RNA, and 150 ug 0
ribosome wash. Phenylalanine incorporation.
100 mM KC1 while leucine was at 3.5 mM Mg2+

126

for 30 min as described

ning 0.2 Ajzgg unit

Yy({U) or 50 ug
.5 M KC1 -
was at 4 mM Mg
+ 65 mM KC1.

Background counts have been subtracted, 10

ratio 1/2; - 4OS/GOS-ratio.l/l._

pmoles for poly (U)
‘and 3 pmoles for mRNA-directed-inco:poration\ t 40s/60s »

T
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-value;'reSpeCtively.
| The level of Phe 1ncorporat10n dlrected by poly(U)

"_w1th 808 ribosomes was excellent 1nd1cat1ng the IF- Ml
and IF- M2 in the r;bosone wash were functional.(shafritz;>
“Anderson'197l). On the other hand the‘translation‘of
exogenous mRNA was relatlvely poor (11. 7 pmoles [%4C]Leu/

260 rlbosome as compared 'to 47. 6 pmoles/A260 rlbosome
in Flg. 32 and 33) ThlS suggests that elther ‘mMRNA

or messenger—spec1f1c initiation factor in the. ribosome

wash (IF- M3)may have been partially inactivatedz-



(d) Inhibition studies: aurintricarboxylic acid
*and cyclohex1m1de o

Antlblotlcs have been used with some’success

- in 1dent1fy1ng the sequence of reactions that occur on

the rlbosome durlng proteln synthe51s. Aurlntrlcarboxyllc

-acid (ATA ammonlum salt known as alumlnon) and cyclo-

'hex1m1de (actldlone) are- among those antlblotlcs that

lnhlblt mammalian proteln synthe51s. The chemlcal

structure for .each is glven below.
O

-

COOH

Aurintricarboxylie acid Cycloheximide

q

Low coneentratlons ofAATA (<10 -4 M) lnhlblted
the blndlng of fz and QB MRNA to E ‘colt r1bosomes (Groll-
man, Stewart 1968), globln mRNA to rabblt retlculocyte
408 suhun;ts (Lebleu et als, 1970), and at much higher
«conéentrations, peptloe cha1n elongatlop and termlnatlon
(Webster, Zlnder, 1969). Cyclohex1m1de blnds to the GOS

Vo
proteln synthe51s (Rao, Grollman, 1967A This 1nh1b1t10n

rlbosome subunlt and therefore only 1nh%b1ts _mammalian o

1

128
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was prlmarlly due to blockage of chain elongatlon by 1nact1—

vatlon of elongatlon factor EF2 (Godchauz et aZ R l967~

Ballga et al., 1969 Ballga et aZ.,_1970), and- 1nterference
wlth release of deacylated tRNA (from the ‘donor 51te
(McKeehan, Hardesty, l969~ Obrig et aZ., 1971).. Cyclo-
hex1m1de also 1nterferes w1th the process of initiation

at concentratlons lower than that whlch 1nh1b1ts elongatlon

et e
3

(Munro et at., 1968). : B . I T o

L
Effect of varlous concentratlons of aurlntrl—

.carboxyllc acid and cyclohex1m1de on the translation of

‘endogenous mRNA using liver polysomes and of exogenous
. mRNA u51ng 8OS ribosomes were tested. Loglcally one would
expect that peptlde cha1n elongatlon.ls the prlmary event
in the translatlon of endogenous mRNA whlle g;ptlde
chaln lnltlatlon is a prerequlslte for the translatlon'
'~of the extracted mRNA and that. these dlfferences could
be detected by the inhibitors. Translatlon of exogenous
mRNA should be more sen51t1ve to a low concentration of
'aurlntrlcarboxyllc acid. Flgure 38 shows the 1nh1b1t10n
curves obtalned w1th aurlntrlcarboxyllc acid.  To achieve

a 50% 1nh1b1t10n of_¢ndogenous proteln synthe51s, 2 x 10 3;M’
aurlntrlcarboxyllc acid was requlred as compared to
4'x 10 =3 M for exogenous 1ncorporat10n. This represents
a 200-fold dlfference in sen81t1v1ty._ Moreover, at ﬁ;f
1 x 10 -2 M aurlntrlcarboxyllc ac1d exogenous mRNA—directed

1ncorporat10n was 1nh1b1ted 80% whereas .no effect was

observed on proteln synthe51s by polysomes. A much less

.
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significant different of inhibition was found with cyclo-
hexide (Fig. 39). The inhibition curves were nearly
parallel with 50% inhibition occurring at 2 x 1074 M cyclo-

heximide for théiendogepous, ahd 2 x 10'”5 M for the'exogen¥

served includes peptide chain initiation as well as pep-

tidgeelongation.



vd
/-
T ///1 T _‘ | I T
o0k o » s POLYSOMES |
— "
o.
X 80l
Z 3
A.EB
60}
W
O
S 40
w
O
oL ‘
a 20F
0 1 1»~ S | 1. | A 1

i~

~ AURINTRICARBOXY ACID CONC. (M) &

Figure 38. Inhlbltlon of translatlon of - endogenous and
exogenous mRNA by aurintricarboxylic acid. [14C]Leu
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.1ncorporat10n was carrjied out at 30° for 30 min as described

in Materials and Methods. Exogenous mRNA ' (15-20S° RNA) was

“o present ‘at 50 ug per assay. Total polysomes were present

at 0.2 Ajgp unit per assay. - Aurlntrlcarboxyllc acid
was dissolved in water and added to each reaction mixture
before the 15-20S RNA or polysomes. Control represented

“the amount of incorporation- observed in the absence
of the antlblotlc.

o—a, translatlon of exogenous mRNA - -

0—o, translation of endogenous mRNA
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- . was carried out as described in Flgure 38.  Cycloheximide .
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Figure 39. 7 Inhibition of translaflon‘of‘endogenous and

exogenous mRNA by cyclohexlmlde. 4c)Leu incorporation

was dissolved in water and: added to each reaction mixture
before the 15-20S RNA or pol?Soqgs. .Control represented
the amount of incorporation ohserved in the absence of
the antlblotlc. ‘ . o :

»

o—a, translation of exogenous mRNA

0—o0 , translation of endogenous mRNA
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3. Product.analy;;s: identification of albnmin
(a) Large scale 1ncorporat10n for product analyslsl
Ev1dence presented 1n thls Chapter to this p01nt
"indicatéf that mouse liver mRNA has been 1solated-and’trans—
la{:dﬂin our cell-free incorporation system. Howegerg
’conclnsive_evidence to support this argnmentawould be
Q_to show synthe51s of a partlcular proteln.r'leer 1s a
icomplex tlssue 1n Wthh a wide array of protelns for
1ntracellular and extracellular usg é}e synthe51zed
'~lbum1n was chosen as the protein to be studled bécause it
represents a large portlon of tt prcteln synthe51zed by
=h11ver and 1t is readlly 1dent1f1able by electrophore51s
‘due to lts\ﬁ/gh negative charge. |
| For product¢analy515 a.reaCtlon mirture of 1

to'S ml was incubated'at 30o for 60 min. [14C]Leu was

replaced with a mlxture of 15 14C labeled amino ac1ds
supphfmented with the remalnlng 5 cold amlno a01ds. Table
16, summarlzes data typlcal of a large scale 1ncorporatlon
‘of labeled amino acids by membrane —bound polysomes, total
polysomes;(treated with detergent) and run-offWBOS ribo-
somes in the'presence bf extracted hRNA 5= 70% of the
radloactlve mater1a1 synthe51zed by total polysomes and
“extra d mRNA was released dlrectly 1nto the supernatantA
»However, only 14. 5% of the 1abe1ed polypeptldes produced

by membrane—bound polysomes were released 1nto the ‘super-

natant. ThlS 1nd1cated that the major part of these

\.‘ - "
’ : ] (’ g
o o BN
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newly-synthesized protelns entered the reticulum cis-

_ternae as requlred for extracellular transport Disrupf
tion of the membranes by freeze- thaw1ng and sonication

| enabled recovery of 50% ‘'of the labeled membrane—assoc1ated

‘i;polypeptldes. Albumln synthe31zed on the membrane—bound

ipolysomes and recovered in thls way was used as a control
in the: 1mmunologlcal and gel analysis of products synthe—

sized by exogenous mRNA

J(b) Identlflcatlon ot albumln by polyacrylamlde
gel electrophore51s and 5mmunoprec1p1tatlon'
When the products obtalned with mRNA extracted
from membrane- bound polysomes were analyzed by poly—

' acrylamlde gel electrophore51s, about 8% of the total
radloact1v1ty was found to be c01nc1dent w1th the albumln
:fractlon (Flg. 40A). A\control sample 1ncubated in the
absence of polysomal RNA showed little radloact1v1ty
‘throughout the gel. Gel~analy51s of the products of °
endogenous proteln synthe51s by membrane- bound polysomes
is presented in Flgure 40B. About 25% of the total.,//
rad10act1v1ty recovered from the- gel was in the albumln
‘fractlon. This figure,’ however, 1s ‘based on radlo—
act1v1ty released from the mlcrosomal membranes and
c1sternae by freeze-thaw1ng and sonlcatlon, and. ‘should not N "fg'i
be dlrectly compared w1th the percent of albumln‘synthe51s
represEhted in Flgure 40A.v |




Figure 40. Polyacrylamide gel analysis of céll-free

. products directed by exogenous and endogenous mRNA. Elec-

trophoresis .5 carried out in 7% gel at pH 8.9 as described -
in Material: and Methods. L. ‘ ' '
A. Proteins produced by mRNA extracted from membrane-
bound polysomes. The components of the reaction mixtyre
were the same as described in Materials and Methods except
that the total volume was 1 ml, 'After incubation at 30%C
for 60 min the sample was centrifuged at 149,000 x.g (av)
for 90 min and the Supernatant was analyzed in gel. ‘

o -, with mRNA; ‘+—-a , without mRNA.

B. Products of endogenous protein synthesis by membrane-
‘bound polysomes. Membrane-bound polysomes (2 Ajgp units)
were incubated with 0.5 uci [14C]Leu, with components as
described above for 60 min. . The reaction mixture was

- centrifuged at 149,000 x g ,(av) for 90 min, the pellet wag
-8uspended in water, frozen'and thawed and then sonically
disrupted for 5 min in a_BrdnsohvSQﬁifier at setting
number 5. This was then centrifuged at 149,000 x g (av)
- for 90 min and the supernatant aqaly;eﬂ§§y-pquacrylamide
~gel electrophoresis. L 5 r 2 I
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The amount of albumln synthe51zed as determined
by gel electrophore51s was hlghly reproduc1ble, w1th sev-
eral RNA preparatlons from membrane—bound polysomes it
vranged from 5 to 8%, and with RNA from total polysomes,-3
ﬁto 4% of the tot%} counts on the gel . Further fractlonation
' 44

of polysomal RNA by cellulose column chromatography, or by

h
u51ng the 15 203 RNA fractlons after sucrose den51ty-gra—

»;dlent centrlfugatlon, resulted 1n an overall %\zrease in
e

-spe. ific. act1v1ty but not 1n apparentnenrlchm . of albumln

R “ \,
mRNA . Flgure 41 shows the gel ana1y31s of the products
»synthe31zed by these two RNA preparatlons.

| Radloactlve albumln 1n the cell free products

- was also analyzed by prec1p1ﬁa€10n with ant1 albumln serum -

'ﬂ(Table 16).. The results were 1n agreement W1th those ob-w

ntalned by gel. electrophoresas although 1n several analy51s

the 1mmunol§21cal assay tended to glve sllghtly hlgher

' ;values of albumln synthe315wthan gel analysis.’ Before

.,\' 3

prec1p1tat10n w1th ‘anti- albumln serum the reactlon mlxtures

1

were cleared of nonspe01f1c %reC1patable materlal by the

_addltlon of chlcken serum and rabblt antlserum to chlcken

~f

»serum.' These prec1p1tates usually contalned 100 cpm

'vto 150 cpm, and 1f the clear1ng~reaction was repeated a

second tlme, low counts (<Sp cpm) were found in these pre—

c1p1tates. It is Stlll p0551b1e that non-spec1f1c pre-

' c1p1tat10n occurs w1th antl—albumln serum and 1n addition,
‘pre01pltat10n of 1ncomplete’album1n chains (H1ll et aZ

'1972 Uenoyama Ono, 1972 Taylor, Schlmke, 1973) may



contribute to higher valdes of albumin synthesis/

In order to further confirm that the radioactivity,~

in the aibumin fraction of the gel represented newly-
synthesized albumin, we subjected the cell free products
to a purlflca ’on procedure (as descrlbed in Materlals

" and Methods) wrth respect to albumin and then analyzed -

by gel electrophore51s. The rad10act1v1ty_1n the albumin

fraction before (Fig. 42A) and after éarification (Fig. 42B).

was 4% and 19%,.respeceively, ofjthe total counts on the
geli' Thls lncrease 1n radloact1v1ty corresponded w1th the
degree of purlflcatlon of. albumln (approx1mately 4- fold)
1n the sample 1nd1cat1ng that the rad10act1v1ty in the
albumln fractlon in fact reflected the newly—synthe51zed.

'albumln.,h
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products directed by polysomal RNA,

GEL SLICE NUMBER

Polyacrylamlde gel analys1s of cell -free .
Conditions for incor-

poration and gel analysis were as described in Figure 40A

and .in Materials, and Methods.

retained) RNA and 15- 20S RNA from total polysomes were
present at 10 ug and 50 ug per 0.1 ml reaction mlxture,

’respectlvely.
A,
B.

.Proteins: produced by poly(A)—contalnlng RNA.
- Proteins produced by: 15—208 RNA.

140
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:.‘Table 16. Precipitation of cell-free products by rabbit

antiserum to mouse albumin.

Endogenous : ' . Extracted mRNA
~ : o -Membrane- .
Membrane- bound Total
bound Total* = polysomal polysomal
polysomes _polysomes - RNA RNA
-Ccpm % cpm % o cpm - % | cpm %
Total = ."‘_'v - g a - =
radioactivity 3300 - - 4500 - - 4225 - 5500 -
, ' : ” . ‘ : Y
- Radioactivity S . S
’~vPrecipitated 980 30.0 ,820 18.0 255 6.0 :210"3.8

Samples used for analyses were préparéd according to the

e methods_described‘inAthe legend of Fig. 40A for,EXtracted'h K

'mRNA and Fig. 40B for endogenous mRNA. 'In order to remove ¢ .
‘non-specific background, 150 1 samples were first incubated .
with chicken serum and rabbit antiserum to chicken serum '
at 37° for 60 min (Redman, 1969). The precipitates, were
removed by centrifugation, and to the’supernatants mouse

serum and rabbit antiserum to mouse albumin (Nutritional
Biochemicals Corporation, Cleveland, Ohio) were added‘and
incubated at 37° for 60 min, and then overnight at 40C.

The precipitate was washed three times with 10 mM‘Tris4HCl

- (pH 7.8) - 150 mM NaCl, resuspended in 1 ml 10% TCA and
collected on Millipore filters for counting in. a liquid
scintillation counter. : C S :

¥
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Figure 42, ,‘Polyacrylamide_gel ahalysis_oﬁ~¢ell—frée :
products before and after albumin purification. The . '

experimental cOndifions were the same as described in
Figure 40A except ~"C-protein hydrolysate was used. = .
15-20S RNA was present at a concenfratidn-ofISO'ug per

0.1 ml  reaction mixture.

A. Proteins produced by_lS—ZOS RNAveXtraCted from total,

polysomes

B. = Same as A, but after partial‘pﬁrificatioﬁ-ofralbumin“
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D. ‘Discussion

The first mammallan proteln synthes1zed by exo—
genous mRNA in a cell- free 1ncorporat10n system was mouse
:retlculocyte B-globln chains (Lbckard Llngrel 1969)..
,Thls success can be partially attributed to the fact that-
retlculocytes synthesize essentially one class of proteins,
a= and B-globin chains of hemoglobin, uhiCh are coded.by
‘monocistronic mRNAs with a.sedimentatlon coefficient of
9s (Bulova; Burka, 1970). Since mRNA represents approxi?
- mately 1% of the cellular RNA the problem of fts 1solatlon
‘1nvolves separatlng 1t from the 188 and 285 rlbosomal RNA.
Fractlonatlon of retlculocyte polysomal RNA by sucrose

L

den51ty-grad1ent centrlfugatlon allows one to” select the

95 peak "and by repeatlng the sucrose gradlent fractlonatlon, "
hlghly pure and actlve globin mRNA preparatlons have been
obtalned (Gurdon et al. ; 1971 Bousman et al., 1971~ | |
Mathews et aZ.; 1971).‘ Other mRNAS purlfled by sucrose

,.gradlent fractlonatlon based on S values of polysomés and

e

f'xtracted include lens a—crystallln (Mathews et. al.
1972), hlstone (Jacobs~Lorena et al., 1972), my051n (Heywood
Nwagwu, 1969) and myoglobln (Thompson et aZ., h&ﬂB)

Two other approaches to obtaln an RNA preparatlon"
énrlched with mRNA lnclude the use’ of cellulose or cellulose
éerlvatlves to bind poly(A)-conxalnrng mRNA, and the selec-
| *tlve 1mmunoprecip1tat10n of polysomes by antlbody to the
proteln they synthesxzeLA By these methods mRNA}for catalase

(Uenoyama, Ono,. 1972),.1mmunoglob1n (SChechter, 1973),

Y
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OValbumin (Palacios et aZ, 1972) and tryptophan oxygenase
(Schutz et al., - 1973) have been 1solated

Isolation of mRNA“for albumln presents a more .
| dlfflcult challenge than that for smaller proteins such
as globln or myoglobln. Albumin is a stable, 51ngle
, polypeptlde chaln contalnlng no other constituents with a
'molecular welght of 65,000 daltons (Peters, 1962) ‘Mess-,

enger RNA codlng for a proteln of this size would contaln

-about 1700 nucleotldes, and assumlng 200 adenlne re51dues

v\'v
e

are present in the poly A) segment nece551tates a molecule

of molecularuwelght 5.5-x,105 daltons. The portion of
mRNA coding:%or albumin would be approximately 5800 A

in length (1725 nucleotldes x 3.4 A). If a space of

300 -350 A ex1sts from center to center of each translatlngv

rlbosome, albumln synthe5121ng polysomes could contain "
-1 18 8OS ribbsomes. AIn comparlson, globln or myogloblnf

~ polysomes would requlre 446 808 rlbosomes (Temple, Housman;
1972 Thompson et aZ., 1973 Low R1ch 1973)

It is clear from the results presented in thlS

A
Q

Chapter that the mouse llver cell free 1ncorporat10n system
. u31ng run-off 80s r1bosomes was sultable for the transla-

tlon of exogenous mRNA. ThlS system was completely depen—”

'”dent on added mRNA and rlbosome wash for act1v1ty (Flg. 30) \

Tonic condltlons were also found to play an lmportant role
‘1n the translatlon of exogenous mRNA "In the case of Mgz+
amino acid 1ncorporat10n wgs reduced by 50% when the Mgz+,
qoncentratlonawas changed~to 1 mM below or 2_mM above thel

B

144
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- optimum of 3. 5 mM Mg2+ (Flg.,3l) Mathews (1972) observed

that there were'dlfferent salt optima.. for the. translation

“hdZEMC virus RNA in a Krebs II ascites cell-
He-p01nts out that Mg 2+ and K’ cqncentratlons
could be selected 1n whlch one messenger was translated

efflclently whlle the other hardly at all. f S PNV

A

Resgults. presented 1n Flgures 34 and 35 111ustrate s
that factors other than 1on1c condltlons can 1nf1uence the

51ze of protexns synthe51zed 1n a cell ~free system.' As the

D

~total concentration of run—off 8OS rlbosomes or polysomes

1ncreased the amino ac1d 1ncorporat10n/0 2 A260 unit wa£5’

found to decrease. A large excess of rlbosomes could p0551—
/

| bly deplete some substrate cau81ng premature termlnatl%n ‘of-

proteln synthe51s., Polyacrylamlde gel ana1y51s of polypep-

.......

tldes synthe51zed by . varlous concentratlons of polysomes has
.\’ r .

further substantlatec tris conclusion (MiaIl,-Tamaoki,
~ unpublished results)“ : ﬁ"" -
In ‘this study two dlfferent experlments conflrmed

that. the observed amino acid e

Ecorporatlon in our cell—free
B , : ' :

.system was due to peptide chai- ) itiation and elongation.
Newly-formed polysomesggould k -ected in the cell freeb
system by sucrose density-gradlent analy51s. Deletlon of
'either mRNA or ribosome wash resulted 1n no polysome
formation (Pig.. 36).» Secondly, the antlbiotlc, aurln—
‘:tricarboxylic acid, 1nh1b1ted exogenous 1ncorporatlon at

- a concentration whlch had no effect on ;he completlon of:
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growing polysomal polvpeptides. Although the preCise.
interaction of aurintricarboxylic acid with the “pre-
initiation complex” _is not\known, most evidence supports.
the theoryvthat it interferes.vith the binding of mMRNA .
to the 40s ribosome . subunit. Recently Ayuso—Parilla,
Hirsch and Henshaw (1973) found that aurintricarboxylic
acid inhibited the binding of specific proteins to the
native 4OS subunits. According to the ribosome cycle
that they propoSe (Henshaw et aZ.,1973), these non-"
‘ribosomal proteins‘must bind to the 40S subunit before
'mRNA Can be ‘bound. It is not certain.at this time whether
these proteins are identical to the mammalian initiation
factors. Bowever, it is obVious when comparing the two
sets of inhibition curves (Fig. 38 and 39), that aurintri—
i carboxylic acid -at low" concentration (1o~ -4 M) inhibitedf
some part of ‘the initiation process, whereas the effect
of cycloheximide was nore general affecting both peptide
ﬁchain initiation and elongation. “

It was found that albumin mRNA like many other
mammalian mRNAs, was bound to cellulose at high ionic _ S
strength and therefore probably contains a poly(A) segment
Sucrose density— gadient analyses of the retained RNA showed

_ oo\ !
tcomponents w1th molecular weights estimated by Gierer s

equation® (1958) to range from 2.1 x 105 to 1.3 x 10°

/{..“

1Gierer s equation was based on measurements of TMV RNA ‘
made in a 0.02 M phosphate (pH 7.0) at 5°; M=1100 S2-2 where '
M and S represent molecular weight and sedimentation '
coeffiCient, respectively. :
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daltons_(ucconkey, 1967). Althoughzthese yalues'are onlyv‘
.approximate (due’to possible'differences of hydrodynamic
effects), they are in the range of the theoret1ca1 value
for albumln mRNA.

. The results of the 1mmunoprec1p1tat10n and
polyacrylamlde gel analyses 1nd1cateduthat liver polysomal
RNA isolated by either cellulose column chromatd%raphy
or sucrose gradlent fractlonatlon,'could.dlrect the
synthe81s of albumin 1n the homologous cell-free system
That the. observed 1ncorporat10n truly represented newly
synthe81zed albumln was further verlfled by 1ts partlal
purlflcatlon. The increase in counts in the albumln
fractlon after purlflcatlon was 1n agreement w1th the 4-
gfold ‘purification of albumln.
| In most. cases the 15-205 polysomal RNA from the
sucrose gradlents had a hlgher act1v1ty in the cell free |
'system than RNA 1solated by cellulose column chromatography.
ﬁThlS higher act1Vity could be dup to a pr9tect1ve effect
'by r1bosoma1 RNA from rlbonuclease degradation or. that
the m1ldness of the SDS-EDTA extractlon'procedure.mlnlmlzedg_g
damage to the mRNA. Since the percentages of albumin
.syntheSLzed on cellulose-retalned RNA and 15-20S RNA. were
hsxmllar, 1t is suggested that the dlfference was - due to a
general loss of act1v1ty rather than ‘a spec1f1c loss of al—‘
-bumln mRNA P0531bly a better a;proach to the problem, know- fd'
'1ng that both types of RNA code for albumln would be to treat

polysomes with SDS-EDTA 1solate the 15-20s RNA from sucrose

'1“ . o .~ R | ' . ;éb
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gradlents and apply this to a cellulose column for final
Purlflcatlon. - R : o '. .

While in the process of writing thiS'thesls two
reports on the cell-free synthesis of albuminfin heterolo—

<,

gous systems came to our attention. Taylor and Schimke
(1973). using rat liver total polysomal RNA were able to
demonstrate the cell free synthes;s of albumln and.Eound
the hlghest albumln synthe5121ng act1v1ty in the 188
RNA peak. Shafrltz (1974) found ex0genous rabbit'liver

polysomal RNA capable of dlrectlng the synthe51s of albumxn‘

(

1n a retlculocyte cell-free system. Comparlson of the
’_protelns 'synthe51zed by free and membrane-bound polysomal
RNA- revealed albumln to be synthe51zed by both ‘These
results suggest that albumln mRNA is present in free

,polysomes as well as membrane-bound polysqyes, ‘but 1n - e
: ¢ o o

"the case- of the free polysomes 1t is in a non- translatable

form. Once the RNA was extracted however, the mechanlsm

, -

controlllng this non-translathn would be defeated thereby

)

allow1ng albumln synthe51s to occur in the cell- free system
rﬂ .

’
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CHAPTER V
GENERAL CONCLUSIONS

~ From recent ‘studies on the structure and function

of ribosomes it is becoming increasingly apparent that

they play a more direct role in the regulation-of protein

_synthesls by processes whlch are 1ndependent of the rate

of mRNA synthe31s. .
_ J
‘When the' mRNA concept was flrst formulated

'1t‘was believed that rlbosomes were 1nert scaffolds

upon whlch mRNA attached to be translated . However,

it is" ‘now known that the process of proteln synthe51s,

‘and of initiation in partlcular, 1s complex requlrlng

-

the presence of SpeCIflc proteln factors. It has

:been suggested that several classes of these "protein

1n1t1at10n factors® ‘may exist to regulate the production

of spec1f1c protelns (ThompSon et aZ., 1973). The function

. of thlS mechanism would be to allow a. "flne tuning™ of.

the post—transcr1pt10nal eVents of gene expre551on whereby

'protelns required for a partlcular phase of cell develop—

ment would be syntheslzed in a synchronous manner.,

'With the advent of methods to isolate and trans-».

&%

late natural mRNA in a cell- -free 1ncorporat10n system,u
it will be 90381b1e to study the synthe81s of a Spec1flc

'protein under the 1nf1uence of 1n1t1at10n factors 1solated

from cells at dlffereng.stages of dlfferentlatlon.

— ! . A

o
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". Current application in'this laboratory of tné?"
Wécell -free systems descrlbed has allowed the study oj A'v

several proteins. one. of whlch 1s a- fetoproteln,,an
‘embryonlc proteln normally present in fetal llver.
‘-»~.J~
a- fetoproteln 1n adult serum,_however, has been found

Lv

to 1nd1cate the presence of a neoplasm (e g. hepatoma)

It appears that w1th the development of cancer, the;

"embryonlc génes are actlvated to elther produce a- feto- e

a -

protelnmeNA or 1f’the MRNA is, alreaﬁy synthe51zed to’
- somehow allpw the messenger to:: be'tfanslated A cell~- freeﬂe

‘,system utlllZlng exogenous mRNA w1ll enable 1nvestlgatlon
B .

“yf of the p0551b11ty of th1s belng a transcr1pt10na1 or

‘tradslatlonal control mechanlsm. It 1s hoped-that the

“

T methods developed iﬁ thlS the51s w111 enable further studles

s .

to be done on the mechanlsm*and control of mammallan

‘gproteln synthesis.
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