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ABSTRAGT.

The dnbibition of Lranglotilon whleh ig obsevved nfter shiftdnp

Escherichia cold to low tempervnture vas investipated, 70 & riboromes which

were isolated from F. coli 8 hours after a shift to 5 C synthesized protedn

in the obgsenee of added wRYA (L.c., endogenous protein asynthegis by 70 8
monosomesn) at a rate which wag chree bimes greaker than thq rate of cndogenous
protein asynthesis by 70 § vibosomes which were ilsolated at the time of the
shift to 5 ¢. Calculacdons based on the rates of ondopenous protein synthesis
and polyphenylalanine synthesis indieate that 70 § monosomes comprise only
0.1% of the total E, coli 70 8 ribosome population after 8 houws at 5 C.
Experiments desipgned to tést Initiation complex formation on ApUpG ov
formaldehyde treated p§-2 vival RNA'dcmonstrated that, although the rate

of formation of 30 S5 initiationcomplexes was not inhibited, the rate of
formation of active 70 § iniltiation compleses, able té react with puromyein,
was inhibited to a great cxucnt.at 5 ¢, A wmadel depicn{ng the effects of

low temperature on Lhe I, coli translation system is proposed,
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INERODUCE)TON

Thee mlonkmum temperature which permits the growth of BEschorichia coli

1a in the vieinity of 7.8 C (25)., A number of roports concerning the

effects of low Lemperature (neaw 0 ¢) on translation by B, cold in vivo

{1,5,6,7,11,12) and poly~U divectod in vikro (5,28) protein syntheainlng
systems have lioked the Lnability of this organlsm to grow Lo the innbilitﬁ

to synthesize proteln at temperatuves below 7,8 ¢, Dans and Goldstein (7)

reported that after shifting 1. coli fvom 37 to 0 C, proteln synthesis
procecdad at a slowly.decrcaaing vate for a period of 4 hours, while RNA
synthesia continued at a linecar rate over the same peviod, They inferred
fream tids and other daca that iniltiation of hvamslatcion was hlocked at 0 ¢,
< and, therefoye, polypeptide clonpgation could continue ouly until the vibosomes
ran off the wRNA, In addition, it has been demonstvated that jneubation of
. coli at temperatures below 8 ¢ uvesulls.in polysome vunoff (5-7,8,L1) and
the accumulation of 70 § ribosomes (5,6,7) Aﬁdarsnn (1) investipated the
kinetics of p-paloactosidase gynthesis by L. coli at 5 ¢ and concluded that
transfer to 5 ¢ resulted in either a partial inhibition of inttiation of lac
translation or intracilstironice polarity (due to increased rates of endonucleolytic
éluavages) for mREAs coding for larpe poiypcptidcs.

In a recent study, we (3) investigated the effects of low temperature
on in vivo and natural mRMA divected in vityo protein syathesis by E. cold

and Pseudomonds fluorcscens, Those studies demonstrated that indtiation

of translation procceded ni predictable wates in . [luovescens, bubt was
blocked in E, coli at low tempevature, resullbing in polysome vunoff and the
aceumulation of 70 § vibosomal pavtieles., A pontion of the 70 § ribosome
‘popula(:':i.on which accumulated in E. coli at 5 ¢ were shown to be 70 § mono-
somes (i.c., 70 5 vibosomes with associated wRUA)., Dased on our data and

on the daka of others (1,6,7,11,12,28), we postulated that these 70 §
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monogomes rosulted Cfrom an fnhibiclon of dinitlation of CLranslation abt 5 ¢,
and furthay, that they comprised o minor functlon ol the 70 § ribosome
population in 5 ¢ ineubated [, coli,

We report hexe the resulls of experimants deglened to delbermine to

what degree 70 § monosemes accumulate in B, eold ak 5 ¢, Tn oddition, in vitve

+

experiments which test specilic ovents involved in initiationecomplex formation
at 5 ¢ ave vepovted and demenstrate Lhat the low tcmﬁcruuurc inhibirion of
initiation of translation resides at the level of 70 § inttialbion complex

formation,



]
4 E IS
ORIGINAL PAGE
HATERIALS. AND 1ETHODS, OF POOR QUALITY

Bacterial stvains aud growth conditlons, Eacheviehia eoli K-12 streptomyein

sengitivae, B-palactosidase and pormeage constitutive) ohtained [rom Dr, C.
Hurwites, Veterans Administration Jespital, Albany, HY, wag prown and maintained
ag deseribed previously (5).

prepavation of riposomes, fultintion Lactors, N-formyl-(3i)-methlonyl=tidA,

and formaldehyda treatod 148§-2 RNA,

- §-30 eell oxtracts were prepaxed by centvifugation of E, coli lysaten

at 30,000 x g as degcrwibed previously (5). CGrude ribosomes were prepared

by ecenteifugation of the §-30 extracts at 159,000 x g for 2 hours, The

resulting supernatant ($-100) wag dialyzed against bufifer A (L0 mif Tris-
{1} bHA7.6, 3.5 mi magnesium acetaie, 60 md RH,CL, and 6 mi 2-mercapteocthancl)
and stored in liquid nitropgen, The »ilbosomes wdre washed twice with buffer
B (L0 ml Tris-ncl pH 7.6, 5 mdM magnesfum acetate, 1 H NigCL, and 6 md 2-mow-
eaptocthanel), rvesuspended in and dialyzud‘ngainst buffer A, contrifuged
at 30,000 x g for 20 minuktea, end stoved in liquid nikrogen,

Tor Lhe preparanioh of rvibosomal subunits, the crude ribosomal pellek
wag wesuspended in bufﬁqr'c (similar to bulfer A, bulb containing 1 it magnesium
acetate), layered on 15-30% sucrose gradients (prwepared in buffer ¢), and

gpun at 27,000 rpm for 18 hours in a Spinco S 27 T4 rotor al: 0 ¢. The 30

and 50 § peaks weve collected and pelleted ag described previously (5) and

stored in liquid nitrogén.

Crude ipjtintion Lackor prepavatiens were obtained from the 1 14 Nl,CL
ribogsomal wosh, The washes were combincad, diaolyzed against bulfer A, con-
;cnurntcd by lyophylizatilon, and storad in liquid nilrvopen.

N-Eormyl-(3u)—mcthionyl-tRNAfwas prepared by incubation of 10 Azgp unils

of LRNA (N-formylmelthionine gpecific), 2 j, moles Tris ATR,'5 |, moles phospho~

enol pyvuvate, 100 pp pyruvate kinase, 180 n moles (31) -methionine (15 Ci/mmole),
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150 iy lewgovordn, and 0,3 ml of §-100 dn 1,5 mln of buffer (which eontalinad
20 mdl Tuda-nel ol 7.6, & oM magnesium acetata, 72 mi Nll,CL, and 6 mif 2-mev-
captoethanol) fox 15 wminuten ak 37 €, 'Tho LRHA was isolated Lxom Lhe reaction

mixture by phenol oxtraction, precipitated twieca with ethanol, dialyzed

~against 0,1 m BOTA, and stoved st -20 ¢,

115~2 phage RNA was troated with fovmaldehyde ap praviously rapovtad (5).

Milliporve filter aesay four dnitiation camplex formabion, The binding of

N-formyl-(3n)~mothinnyl-tnﬂnf to wihosomes way dotorminad by the filter

assay deserdbed by liivenberpg and Leder (21), Reaction mthurés (50 1), which
contained 1 Ayap undt ol riﬁouomus on 0,5 Aggg units of 308 subunltn,.SO proles
of n-formyl-(SH)—mcthionyl-tRNAf, 0.2 pwoles Trdp-GLr, 150 pg crude indtiation
factor preparation, 0,05 Ajen unils odenylyl (3L5") urldylyl(3%5') nuanosine
(ApUpG) or' 20 pg 1S-2 RMA, 2% glycevol (w/v), 50 wtd Twis-lCL pil 7.6, 150 wd
Wigcl, 3.5 wif magnesium acetate, and 6 wd 2-mevcaptocthanol weve incubated

at 37 or 5 ¢. The reactions werc stopped ot the appropriate times by khe
addition of 2 mls of ice cold buffer A and were subsequently filtered on
nitroccllulosp fileers (0.45 ym pore size, NMillipove Covp., Bedfovd, MA).

The filters were washed twice withh ice cold buffor A and deied at 90 ¢ in
seintillation vials, 8ix mls of a toluene based scintillation cockiail

(cmnifluoy, Hew Enpgland Nuclear, Poston HA) wan added to each vial and the

“radicactivity determined by an Intertechnique $L-30 liquld seintillatlon

counter at about 357 efficiency.

Assay for H-formyl- (31D -methionyl=puromycin, The reaction mixtures degseribed

above wore incubﬁtcd at 37 or J ¢ for 15 minutes and then chilled on ice fou
2 minutes. Puromycin (50 ) was . then added and the weaction mixtures were
returned Lo the tesbt temperatures. AL vavious times sawples (8 pl) were
rapidly added to 1L ml of 0.1 1 sodium acctate, pH 5.5, and N-Lormylmethionyli-

puromycin was extracted by ethylacctate as described by Leder and Jursztyn (19),



ORIGINAL PAGE 18 ¢
OF POOR QUALITY

Analyain of inltiotlon complesx fowvmiklon by sucrore pradicot centrdfupation,

'

Reaction mixtures for inltistion complex formation (100 1) were fn-
cubated at 37 or 5 ¢ for tha appropriaLe times (Indicated in the text) and
then Eixéd with an equal volume of 2% glutaraldehyde in huffer A (27).

The samples were then layered on 15 Lo 307 sucrase gradients(made up in
bﬁffcr A) and cenbrifuged at 40,000 rpm for 6 hours ak 0 ¢ in o SY 41 votow,
The bottoms of the Lubes were pierced, the contents of the tubes pumped
through a flow ecll, and abgorbance wonitored at 260 wa by a ¢ilfoxrd 2000
Spéctrophouomctcr. Fractions (6 dwops) were collected in vials, 6 mls of
Triton X~100 Omnifluor mixture (L:2) were added, and the rﬁdionctivity
determinaed as described above (20% counting efficleney), Sedimentation
values were approximated by the method of Hepliwan (20),

Isolation and in vitro testing of 70 § parbicles. K. coli was grown to mid-

log phage at 37 ¢ in L.,5 Litevrs of nutrient broth, rapidly chifted to 5 ¢,
and incubated abt 5 ¢ in a reeiprocating waler bath shaker. This treatmoent
results in polysome rvunoff within 30 minutes (5). Somples (500 wml) were
taken after 15 minutes, 1 lhour, and § hours of incubation at 5 ¢, the cells
harvested, and erude vibosome and §-100 fractions prepared as described
above, ‘he ribogomal pellets from ecach sample were rvesuspended in 1 nml

of buffer D (ldentical to buffer A but containing 10 mM rather than 3.5 mid
magnesium acetate), layeved oh 15 to 30% sucrose pradients (preparved in
buffer D) and spun at 27,000 rpm for 12 hours at O ¢ in a Spinco Sw 27 Wi
rotor, The botkoms of the tubes were plerced and the contents analyzed

as degeribed above, The'70 § peaks from cach sample were collected, diluted
3 'Fold with buffér C, and pelleted by spinning nﬁ 40,000 vpm for 5 hours at
0 C iﬁ a2 Splnco Type 42.1 rotor, BEach pellet was rcsuspcnded in buffer D
at a final concgntrntion of 10 mg/ml and tested immediately for the abilicy

to synthcéize-protein with and without added mRIA {poly-U) at 2% ¢,



Incorporntion of (3)~amino acids into protein by these 70 8 povticles
wag tosted at 25 € as reporvted previously (5). The reaction mixture (50 1)
contalned 50 mf Trdo~lCL plil 7.6, 60 mif NI €L, 6.5 wif mapnesium acetate, 6 md
Zemereaptocthonol, 1 st tris-ATD, L wil magnesium=ATP, 0,05 wd Teis-Grr, 5 md
phosphoenol-pyruvate, 5 g pyruvate kinase, 20 .p tRNA, 0,02 nl (cach) BH“
amino acid mix, 0.05 wM cach of aspavapine, plutamine, eystilne, methionine,
and tryptophan, 20 yp MS~2 RNA, 60 up 70 § vibosomes, and 6.2 volumes of
§-100, To initlato tho reactions 70 § particles plus §-100.were added to
tLhe reaction mixture (final ribosome concentration wos L.2 wmg/ml). Suamples
(5 w)), token at 2 minute intervals, were addod to 2 mls of 5% trichlovoncetie
acid (TCA) and processed as degeribed previougly (5). Incorporation of
(BH)~pheny1nlaninc into polyphenylalanine was mondtorad by a similar method
with the following mo&ifications: (1) i) and (p)-omino acids were replaced
by 0,02 mi1 (LH)-phenylalanine and 1,:0i (i) -phenylatanine (15 ci/mole); (2)
.the maghesium acetake concentration was vaised to 16 nit, and; (3) HS-2 RNA
witg replaced by 15 yg ol polyuridylic acld (poly-U). Rates of In vitre
protein synthesis were caleulated from the amino acid incorporation v timn
plots (i.c., amino acidg incbrporatud into TCA precipitable material/minute/mg
70 particles, |

Assay for in vitro ducorporvation of N-formyl-(3nj-muthioninc into proLein,

Reactilon mixtures (100 1), which contained 50 il Tvis~lCL pH 7.6, GO mj

Nuaél, 6,5 mi magnesium acctate, 6 nwiznmcrcaptocthanbl, I mf Tris-ATP,

1 md magnesium=-ATP, 0,05 alf Tris-GLP, 5 vl phosphoenol pyruvate, 1.0 ;g pyruvate
kinasc, 0.05 n (ecach) (lu)—nminu acids, 40 yp formaldehyde treatad MS-2 RHA,
150 g crude initiucion factovs, 40 g tRHA, 150 5 vibosomes, 0.3 volumes
§-100, and 50 pﬁoies N—fdrmyl-(3u)-mcthionyl-tRNAE werﬁ inéubntad at 34 C,
After 3 minutes a portion was ghiﬁted te 5 ¢, Smmples (5 1) were taken at

regular intervals from both the 34 and 5 C incubated reactions and added
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(1]

to 2 wls of Lee cold TOA yhich cont “nnd 50 v of bovine gorwn albuuin,
The samples were Chen procesascd and the amouol, of hot Tea preeipitable
radicactivity determmined ag previously described (5),

chemicalp and reasents, volyurldyl? . acid, pliosphoonol pyruvate (mono-

potassium salt), adenosine 5'-ceiphoaphate (Teis nalt), suanosine 5' Lri-
phogphate (frias soll, typs VI), pyruvate kinoare, puromyein dihydrochloride,

adenylyl(d' 5') urldylyl (3' 5') suanoaine, and ERHA . (N =-fovmyl-methionine

specific) wore obtalned Lrom Hipma Chemical ¢o., §t. louis, MO, (3n)»phuny1-

alanine (18,5 ¢i/muole) and Mi=lobeled aminoe acid mix (L m Ci/ml) were
obtained fLvom Moy NBogland.Corp., Boston, MA. Mi=2 viral RHA war obtalnaed
from tllea Bepearch rroducts, Elkhart, I, yltrapurc sucrose wag obtained
From sehwavtz-Mann, Ovanpaburg, NY. ALL ethoer ehomicals uwsed were of reapent

prade,

ORIGINAL PAGE I3
QF FOOR Quraryry



ORIGINAL Fse
RESULTS OF POOR QUALLLY

In viteo translation by 70 8 parviclea whieh accunulabe in i, cold at b o,

In a provious veport (3) we demonslrated that at loast rome of the 70 8
purticles whieh accumulate In I, ¢oli at 5 ¢ vere eapable of synthesizing
protein in vitro in the abacnec of un added source of crosanous nRNA,

Those particles with this avility were termed 70 § wonosomes (L.c., 70 5
particles with wRHA associatad with them, in centrast te f¥eec 70 8 couples),
ond, we suppested that thelr accumulation was the result of low tempetrature
inhibition of initiation of translotlon,

In an attempt Lo determine Lo what depree 70 § monosomes aceumulaied

in B, coll at 5 ¢ (velative ko the totsl 70 § wibosome papulation), 70 &

ribosomal particles wewe ipolated at vavious times aftor a shifu from 37

Lo 5 ¢ and were tested for the ability Lo synthesize protein in the absence
of an added source of exopenous mtidA (L.e, epdopenous protein synthesis by

70 5 wmonwsomes, 5) and for thaur potcntinl‘nhility Lo synthesize protein
(measured by vates of polyphenylnlanine gynthesig) s can be scen in Table T,
the rate of endogenous protein synthesis by 70 § pavticles lsolated from Ii,

coli 8 hours alter transfer to 5 C was 3 fold sreater chan the vate of en-

dogenous protein synthesis by 70 § particles isolated 15 minutes after the

shift to 5 ¢, The potentinl abilicy of these 70 & particles e synthoecine
protein (i.e,, polyphenylalanine) increased only sliphtly over this samo
period. TL 70 § monosomes bad aceumulated in ., coli at 5 C such that they
conaglituted a larpe pereentape of Lhe 70 vibosome population, the vumber of
ribosomes available Ior.polyphauylalnnine synthesis, and hence, the rate.of
polyphenylalanine synthesds (per mg 70 § particles) would have decreased
pchipihqusly sinee the rtiates of proucin synthesis In ﬁhesc systoias have

been shown Lo be linear functions of vibogome cnncentrvation (5,22). There-

fore, baged on the relative rates of polyphenylalanine and endogenous protein
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synthasis by the 70 § pavtleles, we have optiuated that after & houre at
2 G only 0,1% (or, about 1 in 20D, rea table 1) of the LI, coli 70 § xlho-
some population were 70 § monosmes,

In vitve incognggﬁﬁigg_gﬁ_ﬂ-fnrmxlmcggtgmyqbgylgy!Lntn protein a6 5 .

it previous veport (5) wo have slevaa, usin: actural mRNA directod I cold
etll oxbract protedn synthosiziag systems, that, although polypopiide
elongation wias able Lo procead ab predicabic vates, dnftlation of teanslation
wivg blocked at 5 and 0 €. To tesl indtiation of twanalation diveetly, experi-
ments wore done Lo determine iF M§-2 RNA divected B, eold cell extract proteln
synthésininn systems wore eapable of incorpowating wadinlabeled ji-formyl-
methioning fnto procedn (hot TCApreecipitablemsunrinl) alter shifto Lrom

34 te 5 ¢ (see flpure 1), At 34 €, labeled Heformyl-methionlne wis incayp-
ovated into protein at a lipear rate for a¢ least 10 minukes, wheveos, when
park of the reachion mixture was shiflod tg 5 ¢ (alrer 3 wninutes at 34 )

a noeplindole vate of dncurporation of H-Lovmyl-methionine into protein wag
obascrved (L.¢,, icss than 1% of the 34 ¢ vate), Those vesulis, taken in
conjunctlon with our previeusly reported results (5) Inddeate that iniciatlon
of tranalation is hlocked at § ¢,

The effect of low Lemperature on in vitro initiatlon complex forpation,

We uwtilized the £ilver bLinding nasay (21) ko test initiation (L,c, 30 4
inttdation complex formation, see rafarence [/ Lor a treview) on various
sources of AuG (mBNA) codous at 5 ¢ (seo toble 2), Yhon MS-2 RNA was Lhe
soyrce of the indtintlon codons [ov these studlen, Inltlntion complex f[or-
mation (Lilter binding activity) wag obrerved at 37 ¢ Lut not at 25 or b (.
These rosults, consistent with those of others (1Y, 28), may be ateributed

o increased tertiary strucbure of phage R¥AZ (In peneral) at Lemperatuves
below 30 € (19)., 7Treabment with fovmaldehyde veduces Che amount of phase REA

tertiavy structurc, allowing all of the iniltiation codons within the RHA to



ba available for loltiatioa at 30 ¢ and below (19), hen tormaldehyde
treatod 16-2 RHA wapn utilized ag o rource ol indtisntlon endons, inereasod
ievals of inttlation compley fowmmatlon vare obgewved ab all (eoperatures,
The 3 fold gtimulatlon at 37 ¢ (compared to non-fovmildehydo Croated 115-2
RNA) supportod tiwy contention that the formaldabyde treatment relloved tho
RUA tertliavy structure and erpoged more indtiation alwes, A 55% decrease
in activity wop obsevved at 5 ¢ (velatdve to 37 av 23 C) ig this aystem,
when ApUpG wag the soureo ol initiation codons In Luis veaction, ullminating
the passlbility of any effecks due to RHA Lertiary strucbkure, a slight
atimulation of initiation complex fovmatdon {(relatlve to 37 ov 25 Q) wvus
observed at J ¢. Activities similar Lo those nhﬁwn whthout ApipG woen
observed vhen initiation faetors or ribesomes weowe omltted fvom the reaction
mixture (datg 0% zhown),

Fisure 2 shows the kinckics of initiatlon complex lormation {(mensured
by the fLleer hinding ossay) at 37 and § ¢ on jormaldehyde teested 15-2
A and on ApUpt, The rate of initintion éomplux formation (%.c., punles
£ilter retainable N-Kormyl-(3H)-mcLhiony1-LRNAr produces/minute) by formal-
dr,ayde breated M5-2 RNA directed sysbems, at b ¢ wap approximatiely 12% of
the rate of 37 ¢ (Lipure 2 A), 1(lowever, Lhe wate of AplpG divected inic-
intion comples fovmatlon wag not Inhibited ai & ¢ when cither washed wibo-
somes (Lipuce 2 B) or 30 § subunits were uned (Ligure 3 ¢), Theae recults
indicate thhu:. (1) the inhibition of forxmaldehyde Lreated MS-2 RHA divected
indtiation complex formatilon ak 5 € may have beon due to the effeccts of
inecreased RNA tertiary sbtruclture dn ribosome recognition of onud (or) binding
to initlation sitea, and; (Li) the rate of Lormation of an AplpG dependent
30 § initiation complox, stable on nitrocclluloﬁe Cilters, was uninhiblted
at 5 ¢,

no determine the cffeck of 5 ¢ incubation on the formation of 70 &



fndtiavion complexes, waction mixtures, neubatod at 47 ov B ¢, vere Jined
whih 1% plutaaldehyde (Co stablisze (hewm duvdng bleh gpeed conteiizuacion,
G,15,27,33), and anabyzod by suetuse gradient evntrifogation,  The rusulis
of an experlnent, testlog Tommaldehyde Lrvaated j=2 RHA dvected 70 6§ inlie
Lation campleg Losmaklon ab 37 and H ¢ ava choun In fdpuce 3, Arter 10
winubes at 37 ¢ a broad peaie of vadioacbdvity o the 7008 wepion (single
20§ dndtiakdon complonon) and a volativoly winow peaik o Lhu 120 8 yeplon
(two ov moxn 7y S infbiation gomploenes pey RES wolocule) weee ovident, In
conkrant, Lo thia, Lheunatlon of thin pystomat 5 ¢ Low L winutes vesulled

Lae wdndmal aeewnulation label dn the 20 and IHU.H vogion, W8 dndtiation
comploxen (Lo, peaks of vadivactivity in the J0-00 0 vepiong, 31,00) yeee
nok vosolved fn Lheaos neadlonl proflleas these eonploxes weve 0lbher ua Labie
in theae geadients (In gpite of plutaraldehyde Flsatiom), and (o) they were
pavbially wmaaked by the lavse amounte bﬁ vndinanLthy. due to anbowd He
£armyl-(1u)-muLhLunyl-tRNAL, at the top of the pradieata,  Siwilav enperis-
mants toasting ApUpe divectod 70 8 initlation comples lovmatiog vere Jnnn

and the vesulby ave shown dn £Luur6 4, A predumipant pealy o) Taboel vasg
ovident fn the 70 8 voglon afiter only b winutes at 37 ¢ (Mlgwe AA=CY whertin,
ak b ¢ (Flgiee AD-F) padioactivity aecwmulated in the 7008 vepion obo i
glover vate,  Caleulaglons baged on Cheno data Geedas ander peaks) indleale
that Ghe wate ol Jopmation at Ghope /0§ iaitlation comploxes al b G was
approximately J Lo 34 oL the vate ol 37 G,

The 20 8 folelacion comples catalyzod formatlon of N-lovmy Lemethiooayls
putomyedn can be uned its 4 meanure ot the abidbiey of 70 8 inltiation cowe
ploxes to ecatalyse papbida bond fowmation and, thus as o measore ol the
mmber of complere 70 & Anltlation vomplogxens in the systewm (03), The
ahillthes of B, enll initintion complexes, formed at cither 37 or 4o, to

ceatalyse Lhe formadfon of N-LoxmyLl-(H)=mechiony [=puronyein ab 37 aud b ¢
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ave ghown in Cipare 5. When fuvemye bt war added to Initiation comploses
which wove fovmad at 37 ¢ and than o povtion shifeed Lo § ©, the rates of
N~£ormyL-(3n)-mcnhionyl-purumycln Fommatilon were ldentical ab 37 and 5 ¢,
lowaver, initiation complexes which wore formed at 5 ¢ had a puch loyer
capacity to synthegize N-Eormy1~(3n)-mcthionyl*puromycin at 5 ¢ than thoge
which ware forwmed at 37 ¢, The following conclusions wore deavn Lrom Lhis
experimont: (1) Sipnificantly more complete and octive 708 initlavion
complexes vore formed in 15 minutes at 37 € than at 5 ¢; (41) The vate of
poptide ﬁond Jormatlon, aa npeasured by the rates of N-Lormyl-(311)-methionyl-
putomyeln tormatlon, wvas not inhibited at 5 ¢, apd; (L44) 70 & indtiation
complexes, which were formed at 37 €, did nok loge thelr ability to catalyszo

the formation of N-fotmyl-(3u)-mathinuy1~puxomyan when chifted to 5 @,
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Tn a provious weport (5) we lnvestigated Che olfcets of low tompuruuﬁue
on in vivo and iy vitvo translation by B, coll and P, fluorescens and

demonstrnted that, nfeer shifis to 5 ¢, initiation of translation was In-

hibited in F, coli (but vot in P, fluorescens) resulting hu polysome

runoff and the aecumulation of 70 § vibwsomes, some ol whieh were 70 8
monosomes. Thase results were supportad by the results of other studies
(L,6,7,11,12,28).
In Lha prerent communication, we have Loasted initdation of twapslotion

divectly and have demonstrated that althougl Lhe rate of lormaltion of a
30 8 dinltiotion complex (detected on nibrocellulnse filters) waa uninhibited
at 5 G, the formation of 70 § indciarion complexes wos inhibited vo a preac
extent at 5 ¢, ‘the formation of an active 70 § dinitintion compley (Ll.o.,
capable of veacting with puromycin) depends on the formation of the proper
30 § dndtiation cowplesx, which contnins GIP, an AUG (mRNA) codon, p-formyl-
.methionyl-thAf, a 30 5 subunit, 1F-l and [F-2 (sece reference 23 Low o
review)., IF-3, which binds to 30 § subunits to the some extent at 37 aml
0 ¢ (31), is released upon attachment of the N-fovmyl-methlonyl-tRNAg to
texrnary 30 § complexes (32), Labile 30 S complexes have been detectad in
the absence of all initintioh Factova (30 § : M§-2 complex, 29) and in tche
absence of IF~l and IF-2 (IF-3: 30 S5: MS-2RHA complex, 32) at 0 ¢, Studios
are now underway Ln our laboratory Lo determine the composlilon of the 30 §
complexes which are Fovrmed and the fraction ol theso whicli ave able Lo
interact with 50 ¢ vibosomal subunits to form acLive 70 § inirciation complexes
at 5 ¢,

- The in vitre initiation studics also dewonstrated that the rate of
forwation of 70 § Initiation complexes, capable of reacting with puronycin,

was inhibited to a preat extent at 5 ¢, and may be the vate Limiting step
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in translation ot 5 C. During'the Lovmation of active 70 § dnitiation
complexes ok 37 G, uhc‘jotning of the 50 § vibosomal gubunit to the 30 5
complex, in the presence of Ir-1 and IF-2, trigpevs GIP hydrolysis and the
velease of IF-1 and Ir-2 (3,4,9). In the regulting complex, N-formyl-
mathionyl~LRNA 18 located at a site which coreesponds tio the post-trans-
location gtope (2,20). In the absence of IF-L ow QTP hydrolysis, IF-2
releage doas nol accur, leading to the formakion of “abortive! initiation
complexes which are upable to function in protein synthesis (3,4). Although
GIP stimulates the rate of N-formyl-methionyl-puromycin formation (14), the
encrpy derived from GTP hydroly«is doecs wnt appear to be vequived for 30 §
initiacion complexes, in the presence of 50 8 subunits, Lo react with
puromycin (10)., Rather, it appeavs thot the vole of GUP 4n dnitiabion of
traonslation 1s to increasc the vate of initiation complex formation hy
inereasing the alfinity of IF-2 for 30 S ribogsomes bpon GIP hydvolysis,
IF-2 ig released [rom the inftiation comples cnabling NH-formyl-methionyl-
ERNA to interact wikh prromycdn (2,10}, Tnvartipations ave now underway
in our laboratory Lo determine bhe relabtive effdciencies of these inter-
actiong al low temperature,

The experiments in which wa datermined the rates of endogenous protedin
synthesis and polyphcnylaianinﬁ synthesis, by the 70 S8 ribosomes that
accumulated at 5 ¢, indicate that 70 § wonosomes were only a swall fraction
of the population of 70 § ribosomes that aeccumulated in E. coli at 5 C.
This is supported by previous reperts which dOmonstfatcd that most of the
70 § ribosomes, isolated from I, coli after a shift from 37 to 5 €, werve
susceptible Lo high speed centrifugatlon-induced dissociation (5,06,11,15)
and by the fact that the rate of formation of 70 § initiation complexes
wns.inhibitcd at 5 ¢ (see data and discussion abeve), These data support

the contention that the 70 § monosomes accwnulated as a wesult of a partial
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(but not completa) bloek of inkeiat on of tronslation, It seomk weasonable
Lo conclude Lhat the swoll population ol 70 § wonogomvg Chat acewsnlaoted

in B, cold at 5 ¢ were 70 8§ post-lnitiation monosomes (L.e,, 70 § monosowmes
that had guccessfully completed [nithakion of Lranslation and weve compléting
the polypeptide choing ecoded for by thedr nageont mRNAs ot the time of tholw
isolation) for the followlnp veasons: (i) Low temperalure did not appont

to ecause a complete block of any step of inltiation of trnddlation (a.p.,
even 70 § dnitiation complex formation was able to procced at n diminished
vate at 5 ¢; (il) The 70 § monogomes wewe capable of fin vilvo translation

at temparatures ronging Lvom 37 to 5 ¢ (see vefersace b)), and; (Lid) Poly-
peplide elongation has been shown to nroceed at predictable (from Avvhenius
plots) vates at 5 ¢ (5,7,28). This Lmplies that the 70 5 monosowe population
per s was a hetcropencous populotion of active monosomes al different

points along their raspective wkMAs, cach containing naacent polypeplides

at various stapes of completion, Mot rates of in vive and in vitro poly-
peptidé gynthenis by such o small percentape of the total viboswme population
would be expected ko be low ond thevefore, dilflcult Lo deteet,

At the present time we cannot exelude the possibility that the mRiAs
assoclated with the monosomes were susceptible to endopucleolytic eleavage
(1) and therefore, werxe uwnable to synthesize complete polypeptides (in vivo
or in vitvo) as efficiently as vribosomes in the polysome configuration,
However, it may be Chat the inteprity of the nRNA, whieh'was associabed gilh
the 70 § monosome, was pfotcctcd by the ribogome (24) ov by incronsed
WRNA stability (13,16) at 5 C.

RusuéLti and Jacobson {24} demonstrated that 70 § monosomes (i.e., 708
ribosomes bound near one end of the wRWA strands, 17} accumulated in . colj
after a nutritional shift down. However, it wis unclear what pereentape of

the totnl 70 § ribosome population were 70 § wonosomes. It was pugpested
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that an inhibition ot the level of initiotlon of rtranslatfon, vhich repulted
in an inereased ‘dwell time" of newly bound wibogomes at initiacion sites,
was the roason for 70 § monosome accumulabion under these conditions,

A general schione for the effects of a low temperature shift of the
L. coli tranalacion systom cmerpes fvom the results presented in this paper
and fxom the data which has accumulated in the literavure (see figuve 6).
Shifring £, coli from 37 ¢ Lo low btemperature results In poiysomclrunoff and
the asccumulakicn of 70 § ribogomes, ‘fhis Ls supportaed by tha low tcmpcrdturc
previously reported yesulte (5,6,7) and by the model for the ribogome oycle
proposcd by Davis (8)., The 70 § ribogomes which accumulate at 5 ¢ ave in
cquilibriuwm with free fibosomal subunits (reaction 2). This Ls also supported
by the polysome profiles from low temperatune ineubskbed I, cali presented
by others (6,7,11). 1IF-3 is abic to intervaclk with 30 § subunits (reaction 3)
nt temperaturas ag low ag 0 ¢ (31), leadipp ko the formatlion of "patlve
subunits' (8,12). Illowever, the majority of evidenen indjecaten that the
equilibrium (reacktions 2 and 4} of the ribpsome population at low bLemperature
is shifted toward free 70 § ribosomer (scnsitive to dissociation during hish
speed centrdfugation (5,6,?;26). The rate of formation of 30 8 initintion
complexcs ig uninhibited at low tempervature. However, although the formation
of these complexes il 5 ¢ is dependent on the prescnce of H-formyl-mebhionyl-
LRWA £, initiatiOn foetors, ribosomes, and a source 9£ initiaclon (AUG) codons,
and, nltﬁnugh 70 8 dnitiation complexes ave formed of: a slow rate at 5 ¢
(uea data above), it Ls not cleaw at the present bime whether the vate of
"active! 30 5 initliation complex formation is inhibited al low temperature
(L.e., reactions 5 - 6). Therefore, this model predicts that initiation
proceeds hormally ac low temperature, at least through weaction 5, Since

the rate of formation of 79 § indtiation complexes, able to react with

puromycin, proceads very slowly at 5 ¢, this model proposes two possible
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nltes fov Ghe low Lomperatu 3 dohdintlon of Lyanolaiiony (L) un inhibition
of the rata of formation of “netive' 20 5 fnillatlon complenes ivom 30 &
initiation complenen LnLsemediates (L.c., veaction 6), ov; (L) decrenscd
abilities of Ir-1, Ir=-2, ¢re (hydvolysin), (and) oxr 50 § rubunits to
intoract propexly uwith 30 § dndtiatlon complexen to lovm 70 § indtlotion ’
complexes (monosemca, 1,¢,, reaction 7). The Lact that some 70 § inic-
latfon compleses, able to weact with puvomycin, fowm at lov temparature
(sea figure 2-5), Indicates that Initiabklon i& not completely bloeked at
lowy temperature, ond allows for the formaklon of 70 § indtilation complones
(monosomen). Partleles which auccéﬁﬂfully complete inltdation at 5 €
(voactionz 5-0) ave able to complete vounds of polypeptide clonsation
(reaction 9) ab low temperature {5) due to the [aclt that elongution ir not
inhibited to the cxtent thab initiotion ds inhibited at low ucmpcrhturﬁ o1,
5,7,12,28). Upon release of the complete (or locomplete, if slitd degradation
oceurs, « polypeptide, the released vibosomes relurn (by reoction L0) o

the (low temperature cqullibrated) ribogsomz pool (8).
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Loearporation o ti-logmyl= (31 ~methiondine futo prolain at 34 and
5 ¢, Neaction wixtures (1N 1, deacribed dn faseriale and
Hothods) gvora fneubaked G 3 G, and, atter 3 minuten, o poveion
of the veaction mintuve wan ohifred to 5 ¢, Samples (5 ml) were
taken b Lhe dndieated times Lrom the 34 € (o) and 5 G (o)
Incubaced veackion mixtures and the amount of N=Loryl=-(di) -
methionine incorporated into protoein determined ag deseribed

in Mateviols and MHethads, .

Rinotlce of formaldehwde tyoated ME-2 REA oxr ApipG divocted
inftiatlon complex fovmatlon ol 37 and $ G, Reactlon mixtures
(50 o 1) whieh contadned 50 pmolen L-fnvmy1~(3n)~mcthluny1~unnﬂg.

0.2 puweles Tris-6re, 150 p exuwde inltlation factore, 37 siveoroy,

50 wit tris-Ucl pH 7.6, 150 ot HHACY, 3.5 nid Up(UAe),, O nlf 2emor=
captoathanold, 1 Axgo untbs wibosomes (panele A & B) or 0.5 Aagn

undts 30§ subunits (pancl ¢) and 20 we formaldehyde braated

HA=2 BEA (panel A) or 0.03 Azgo wnlls AplIpG (pancla B & @)

were incubotoed at 37 or § ¢, AL Lhe times fndieated samples

(5 mi) were added o 2 ml Lee cold bulfor A, [ilterod onto
nitvocellulose fhlters and tha amount of [Llter-bound {f-Lormels-

(311 ~mothionyl ~LRNA ¢ rétnined on {ilters determined an dencribee

in Materinls ond Mothods, Symbolat 37 ¢ (B); 5 ¢ (0)3 contvoel reree
tlon minture, ware fncubated in the abnenen of ApUpG at 37 (4 or § (A).

Sucrone svadiont analysis of fovmaldehyde Lreated p5=2 RHA

divected Lnicdation complesn formation at 37 and 5 ¢, Reacbtion
minturaes (100 1), simllaw to Lhose described in the legend for
fpure 2, pancl A, wvere Incubated at 37 ¢ lov O mloutes (pavel

A and 1b minates (panel B) ov at 5 ¢ Lor L hour (panel ),

They wore then fixed with glutavaldehyde, Iayerad on 15-30% suerose
gradicnts, and centrifused at 40,000 wpm fov O hourn in o #i 4L
rotor. The contents of each gradients vere manitored at 200 mm,
fractionated, and the vadivactivity in aaeh Leaceion detcwmined

ag degeribed in Hatevials and MHaethods,

Sucrose pradient annlysis of Apupg direeted dnikiotlon complex
forwation ot 37 and 5 ¢, Reoctlon mixtures (100 oL, siwdlew
to those degeribed in Lhe Legend for figore 2, panel B, were
incubated at 37 ¢ Lor O minutes (pancl A), J minutaen (pancl 1)
and 15 minutes (panel ¢) and at 5 ¢ Coxr O minules (pancl ),
15 mlnukes (ponel BY and 60 minuten (panel F), “hey were then
fined wikh plutaraldelyde and proccesed as desevibed dn the
legemd for fipure 3,

synthesis of M-formyle(31)~methionyl-puronveln by Lnitiation
comploxas formed at 37 and § €. Indtiation complexes were pre-
parad by incubating reactlion mixturcs, Ldentical Lo thoge des-
cribed in tha Iesend fox [fipure 2 pinel B, al 37 ¢ Lo 15 minutes,
After ehllling on fee fox 2 minutes, puromycin GO, wan ndded

to cuch and the reactions were vetuvned 37 (o) o I € (0)., At
the times indiecated samples (8 pl) were added to L ml of 0.1 N



sodium aectate pit 5,5 and the amount of {=jocuyl=(31) ~netidonyl-
puronyein debormbined as deseribed fo Matewlals and Fethods, A
pinliar experimont was done Lo which tndtlatdon comples ¢s were
prepored (L.e, resetion ninbures incwnated lor L) plauken) at

5 ¢, ehibiod, paromyeln added, thy reaetina returned Lo 5 4,
and t=Zommy | = () -mothionyl=puronycin Lovmation folloued as
dencribed abova (A).

Figuee 6. A poneral scheme uhitch depicts the effect of a low Lomporalune
shift on Lhe I, coli translation syctem,
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