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SUMMARY

Imucubatiomn of rmubbit reticulocytes witin L-O-metinyltlsmeomnne, an analogue of L-isoleucine,
results in tine formation of a unsique, large $-chnains polynibosome constaining approxinusately
12 ribosomes. Two possible nuechnanisms for tine formation of this polynibosome are conn-
sidered: (a) the polyribosome nnay be formed by maximal packing of mibosomes on mu�-chsain
mRNA strand proximal to the limiting isoleucine codon, on (b) thnere may be dimemization

of lighten polyribosomes by ann interaction of tiue blocked nascent �-chuainns. Tine nascent
cinaimns were nennoved fronn the mibosomes in intact cells by incubations with �unomsnycin,
and from tise isolated nibosome-polyribosome component by incubation w-itis Pronna.se.
In both cases tine large polynibosome remained after tine nascent cisains were removed,
suggesting that it is formed by maximal packing of nibosomes on a fl-chnain mRNA strand.

INTRODUCTION

Wisens rnubbit reticulocytes are inscubated
witis the L-isoheucine anstagonuist L-O-metinyl-
threoruine (1), tine inconl)onatioml of isoleucine
into the a- amnd fl-poiypeptide cinaimis of
hemoglobins is imnisibited (2). Isoleucinne is
located onuly near tine NH2 terminus of the

141-amino acid a-chsainn, at positions 10, 17,
and 55 (3, 4). In the 146-aminso acid $-cinain,

it is located onuly at tine COOH-terminsus, at
positiomi 112 (5). Since proteins synsthesis
proceeds from the NH2-terminal amino acid

�o the COOH-termimsal amino acid (6, 7), a
deficiency of isoleucine results in retardation
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of nibosomal movemennt at tine proximusal

portion of a-chains nuRNA and at tine distal
portion of j3-cisains mRNA. It may be pre-
dicted, tiserefore, tinat inisibitioms of isoleucine
incorporations imnto nascenst a- and �-chnmuins
would result iii smaller a-chaini pol�’nibo-

sonnes amid larger �-cisains polyribosonnes than

occur under nuormal comnditions in iitno. In-
deed, the unique and characteristic altera-
tions in polyribosome profile seens after inncu-

bation witin L-O-metinylthnreonninse innclude au
increase inn tine amount of dimers amncl tninners,
a decrease ins tine nnormal componsents heavier
thams tnimers, and tine formations of a nsesv,
ineavy pohyribosome comtainimng approxi-
mately 12 monionners (2, 5). Tine differenitial

inncomponation of valine amid thureonimse into

the nascent chains on tine ribosomes sug-

gested that the dimers timid trinners are

predominantly blocked a-chains l)OhYnibO-
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somes, amid that tine mnew, ineavy peak repme-

semsts blocked �-chaimn polynibosomes (2).
This consclusionn has beems confirmed by pep-

tide analysis of tine niascemit chains (8).
Up to six mibosomes are msormaily foumid omn

mRXA codinug for either tine a- or �3-chaimn of
rabbit inemoglobimi (9). Since 12 ribosomes
usually are nsot accommodated on mRNA of
eitiner chains, two possible mechanisms for
tine fomnnatioms of a heavy $-chaims polyribo-

some may be comssidered : (a) the polynibo-
some may be formed by nsaximal packinig of
ribosonnes oni a $-chnaimn mRNA strand proxi-
ma! to the limiting isoleucimse codons, or (b)
there nnay be a dimerizatioms of lighter

polyribosomes by ans innteractiomi of the
blocked nsascent �-clnmuinus. Ins this study, w-e
describe experiments svh icin differemstiate be-

tweens tinese two possibilities.

MATERIALS AND METHOI)S

Incubation (if cells. Reticulocyte-micls blood
w’as collected in iuepmumins by cnurdiac punscture

of pisenuyllnydrazinse-treat.ed rabbits (10) . The
cells were censtnifuged free of pla.smmu amid
washe(I twice uvitis how- magnesiu m sahi nse
(1 1) . Tine cells were inicubmuted in mugyrotony
shaken water batis nut 37#{176},with air as tine gas
pinase. Tine sva.sined reticuiocy�es were inscu-

bated inn low-nnagnsesiumm smulinue containing
5 mum Tmis-HCI (pH 7.4), muminuo acids, glu-

cose, annd irons- �rnumnsfernins, tus previously
described (2). TIne finnal mixture, ins a 25-ml
Einrleisnunever flask, contained 1.5 nnl of

packed cells its a total volume of 12 nu! Tlne
cells were inscubmuted for 9 mini ins this fortified
mediintns mnnimnus vmulimne. L-Valimne-1-’4C (34.2
mCi, nisnsnole) us-mis tinens added to give a fimnal
comsceistrations of 0.1 nnun, muns(l the imscubtstioms
was cointinsimed for 1 minim. L-O-.\Iethvitinmeo-
nnimne (fimimul conscemntmnutiomn, 25 mum) wa.s tinems
added, tumid tue inscubations was conntinued for
5 nninn. Ins tine expeninnents with punomusycins,
2-nul muliquots of tine inncubations mixture were
added eitlner to flasks comstainsimng buffered

salimue (controls) or to flasks conntainninsg

purominycims, ansd tine inscinhmutiomi was con-

tinued for 5 mimi nnnore. Metabolism wa.s

tertnnimsated by tine additions of cold salinne

amid slnmukinsg of tine flask ins ice. The cells svere

isolated by censtrifugmutions at 600 X Ii at 4#{176}.

line cells were wmisined tumid lysed, mund tine

course particulate fmac�ioin was removed as
previously described (11).

Ins experiments withu Promsase, the inicuba-

tion with fortified medium minus valine, L-

valine- 1 �4C, and L-O-methylthreoninne was

performed as described above. The ribosome-
polyribosome component, however, was iso-
bated by centrifuging 4.8 ml of cell lysate over
a cushions of 7.2 ml of 30 % sucrose for 3 mr at
100,000 x g. The pellet was gently resus-
pensded ins 4 ml of standard buffer (0.01 M

Tnis, pH 7.4; 0.01 um KCI; amid 0.0015 um

I\IgCl2) amid cleared by centmifugation for 5
minn at 600 X ii. The nibosome concentration
us-as estimated using a value of 1 1.2 absorb-
ance units/mg/mi at 260 mz (12). The
ribosomal suspensions was divided imsto two

equal portiomus munnd inscubated in buffer alomie

or inn buffer conntainimsg Pronase, 0.23 mg/
1.14 nng of ribosomes pen milliliter, for 1 hr
at 4#{176}.

:1 nta�1ysis of ribosome-polyribosoine COlfl-

ponent. Aliquots (1 nnl) of tine cleared cell
ivsate (puromycin expenimensts) or the re-

suspenuded nibosome-polynibosome compo-
nent (Pmonase experiments) were placed on
27 nnl of 15-30 % limsear sucrose gradiennts
uvithu stanndard buffer as tine solvenit. The
gnadiensts were centrifuged at 25,000 rpm for

2� hr at 4#{176}imn a Spimico SW 25.1 rotor.
After centnifugation, the gradiemit w-as
pumped through a floss--through cell at-
tacised to a Beckmann DB spectrophotometer,
amid absorbansce was measured at 260 m�s
( 10). Inscomponmutions of tise poiynibosome into
proteins was determined by collecting ap-

proximately 40 fractions, addimsg carrier
serum tulbumini (11), precipitating the pro-

tein in) 3 % tnicinloracetic acid, extracting at
90#{176}for 10 mini, amid plating onn 0.45-j.s Milli-
pore filters. Radioactivity us-as determined
in a gas flow counster with Micromil windows
(effcienscy, 30 %).

llaterials. Promna.se, grade B, usius pur-

chased from Calbiocisem; L-valine- 1 -t4C,
from Ness- Emiglamsd Nuclear Corporation;
and RNase-free, cmystnullimse, ultrapure, den-

sity-gradient sucrose, from Mamnnu Research
Labomnutonies

RESULTS AND DISCUSSION

Tine two alternative structures of the
heavy polynibosome fomnned its tue presensce
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FnG. 1. Possible mechanisms for formation of heavy polyribosome from cells incubated with L-O-melhyl-

threonine

A. Schematic represemntatiomis of tine possible nneclsamsisnss for the formation of heavy polyribosomnes.
B. Theoretical changes after the nsascenit chainis have beets rennoved.

of L-O-methnylthreonnim’e mine represensted in
Fig. 1. If innteractiomn of nna.scenst $-cintiins
serves to mold tuvo higister polynibosonses
togetiner, as imsdicated ins tine top of Fig. 1,
removal of the nascenst chaimis svould result
in mumsexplosive sisift of the polynibosome
pattern from tine heavy duodecamer peak to

smaller units. If 12 nibosomes are attached to
a single mRNA, there should be little cinansge
in the polynibosome profile uvinens msascemst
chainss are removed.

Puromycims pnonnotes tine premature re-
lease of the entire growinig peptide chairs in
reticuhocytes (13, 14). The anstibiotic was

added duninng inucubmutioms of instact reticubo-

cytes, at a conscentnnition that does msot alter
the nsonmal polyribosome patterns but me-
moves more than 70 % of the radioactivity
incorporated into tine nascemnt cinainus (15).
Tine incorporation of L-v:uiinue-1-’4C into the
peptide chaimns of the nibosome-polynibosome
component of iuemoglobins synnthesis tisat has

beens inhibited by L-O-metinylthreoninse is
shosvnn in Fig. 2A. Wisen tine cells were incu-

bated under identical consditions, but witin
puromycin (Fig. 2B), approximately 70 % of
the radioactivity, representing prematurely
released nascent chainss, was removed from
eacin fractious. The corresponndimsg ultraviolet

absomptions profiles (Fig. 2) ins tisis expeni-
nuent reveal thnnit puromycin caused only a
small decremsse ins tine heavy polyribosome
regions, witis mu comnesj)onsding rise ins single
ribosomes. Tisere uvas nso increase inn tine level
of smaller pohymibosonnes. Tine sligint shift
toward single nibosonses migint be explainned
by substitutiomi of tine amitibiotic for isoleucyl-
tRNA in a mamnmner similar to its possible
repiacememst of tryptopinannyl-tRNA in
tryptophans-deficiennt neticulocytes (15) . The
persistence of tine hemuvy polynibosonne peak,
in tine presence of puromycinn, is suggestive
evidensce thsat this unnique structure does usot

result from an intemnuctioni of large 13-cinaimns.

It is 1)ossible, inowever, that the remaining
radioactivity ins tine ineavy polynibosome

fnactionns mepresemits mu selective inability of
puromycimn to remove interacting cinains.
Tinis seems unshikely, as radioactivity was
removed uniformly from all fractious, sug-

gestinsg tisat the nsa.scent chain)s were re-
leased at random. To obtain fun-tiner evidence

againust this possibility, expemimemits uvere
performed in wisicin mnascent chains were re-
moved witin Pronsase.

Pronsase has beens shown to hydrolyze that

portiomi of the na.scenut chains which is not
shielded by tine nibosome (16). Approxi-
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Fin. 2. Effect of puroinycin on ultraviolet absorption profile and incorporation of L-valine-1-’4C into

pepti(/e chains of ribosoine-polyribosome component of rabbit reticulocytes with hemoglobin synthesis in-
hibiled by L -0 -inethylthreon inc

Incubatiomi of cells with i�-O-methylthreonine amud puromycimi, sucrose density gradient amialysis of the

cleared cell lysate, amid determssimututiomi of the radioactivity imicorporated imito peptide chains were per-

formed as described in MATERIALS ANt) METHODS. ---, snltraviolet absorptiomi at 260 mJL; #{149}-- -�, its-

corporations of L-valimne-1-’4C without puromycimn (A) amid with puromycits at a final conscemutration of

19 .tum(B). The dashed line iii panel B represemits the ultraviolet tubsorptiomi profile of the ribosome-poly-

ribosonne conspomsent fronn cells which htid muot beets inucuhated with L-O-methylthreonsimue or puromycin.

matehy 3033 tifl5lflO mucid residues are buried
withinu tine mibosomal structure and thusis are
protected from proteol�’tic dissociationn. Tine
heavy polynibosonuse is formed onsly whens
ribosonnal nnovennenst toss-and tine 3’-nnucleo-
tide ennd of mRNA is retarded. Whemn there
is retmnrdmutionn tosvmurd tine 5’-msucleotide end,
as uvitin the a-chinuinu mRNA in this systens, or
withn tryptopinani deficienscy (2), smaller poiy-
nibosonnes result. Tine lange polyribosome

therefore is nsot a result of retardation of
ribosonnal nnovennemnt. We assumed , ons tisis

basis, that if dimerizmutions occurred, it would
result from tine lonsg lemigth of tine msascemit

$-chsmuinis unique to this system, annd the
intemactiomn would take place betsveeni the
portionns of tine �-chnaimi which are not buried
withninn the mibosonnmul structure. Pronuase, by
digestioni of this regions, should eliminate
anny inuteractiomn. However, as shown in Fig. 3,
the imitegrity of the large polynibosome us-as
mainitaimied inn the presensce of Pronsase. The
amoumut of radioactivity removed in this
experiment sS�aS similtir to tlnat reported by

Maikins amid Rich (16) ; approximately 50 %
of the radioactivity inn tine nascent chsaini.s of
tine heavy pohynibosomal region was re-
moved.

The cause of tue minor sinift of the heavy

polynibosome peak to lighter components

(approximately 12 monomeric units to 10
monomeric units) is not clear at present.

However, wineni tine nibosome-polynibosome
componsent from constrol cells us-as treated
with Promiase, tine slight absorbance ob-
served in the regions corresponding to the

heavy pol3’nibosome us-as shuifted similarly
(data msot showni) . It sisould be noted tinat a

I)ortion� of the siisgle ribosomes was dis-
sociated into nibosommul 60 S amid 40 S sub-
units, as previously described (16). It has

beenn siuownn recently that Pronase selectively
dissociates nibosonses nnot attached to mRNA
(17). Thnerefore, tine nibosomes dissociated by
Pnona.se treatmenst are those that have not
initiated hemoglobimi synthesis.

Our failure inn tisese experiments to disrupt
tue large polynibosome by removing nascent
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Fm; . 3. Effect of Pronase on labeled r�bosomne-polyrzbosommte component isolated from,m rabbit reliculocytes

with hemoglobin synthesis inhibited by L-O-methylthreonine

Iiicuhat jolt of cells with L-O-met hylt hireonimie, isolat ioti of tine ribosonse-polyribosonse connponeut,

imncuhnut R)lt of t his compotnenut with Promnase, sucrose demisitv gradiemit nuiialvsis , and del ernsi nat iomm of

radioactivity were performed as described itt MATERIALS AND METHODS. -�, ultraviolet absorption at

260 mM; #{149}-- -�, iticorporation of L-valine-1-’4C without Pronase (A) amid with Promiase at a comicentra-

tioii of 0.23 nsg/1.14 mg of ribosomes per milliliter (B). Tine dashed limie iii panel B represents tine ultra-

violet absorptiomi profile of the isolated ribosonse-polyribosonse compomiemit not exposed to Promiase and

frons cells which had riot beets imicubated with L-O-methvlthreonine.

cisainis is suggestive evidence that tisis struc-

tune does not result from blocked nsascennt
‘ f3-cisaimns causinug dimemization of smaller

l)olYnibosomes. The hypothnesis tisnut the
heavy pol�nibosome results from maxi nual
packing of nibosomes ons a 13-cisain mRNA
strand proximal to tine limitinng isoleucimse
codomi is mu plausible altennsative. The ques-
tion nensainss, huouvever, uvinetiser 12 nibosomes

cams fit ons a single 13-chain mRNA. Slayter
et a!. (9) have indicated tinat the expected
lenngths of mRNA codinug for tine a- or 13-

chainn, of approximately 150 aminso acids,
would be 1500 A, provided that the mnucleo-
tides tune stacked is-ithu a trannslation of

3.4 A. Tinese autinoms suggested that the
lengths could double when the miucleotides are
uuot stacked, amsd lengtins up to 2800 A uvere

seems inn electrons micnographs (9). Eisemnbeng

and Felsenfeld (18), measuring the coil
dimenssionns in stacked amid unistacked sinsgle-

stranded polymibonsucleotides, reported an

interpinosphate separation of about 6.5 A inn

botis cases. Usinng tinis measurememit, tue

13-chain mRNA would always be 2800 A,

even if tine nucleotides were stacked. In

either case, tine 333-miucleotide segmemst of

/3-ciuaims mRNA precedimng tine isoleucine

codon at position 1 12 could be approxi-
mately 2200 A. Suds mu lensgtin could con-

ceivably accomniodate 10 closely packed
mibosomes us-ith a diameter of approximately
220 A (19). Evens withuout postuiatinsg distor-

tiomn of nibosomes, a j3-cisain polymibosonne
containsinng 12 nibosonses on a simigle mRNA

strannd seems possible. If nibosomes are

packed omn mRNA usitin ansy distortion ins their

structure, evemi greater isumbens could be
accommodated.

Reports of a isemuvy class of “repressed
polynibosomes’ ‘ inn unsfertilized sea uncinins
eggs (20) amid Ascaris eggs (21) insdicate tiuat
terminal block and resulting emilargement
may have a physiological counterpart. Such
a block inas been suggested by Spinin (22) as
a possible mode of storiusg mRNA in a stable
consfigunation.
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