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SUMbURY. In the presenoe of 8 syetem for the inoorporation of amino- 
aoids, a formyl group donor and puromyoin, mitoohondria and ohloroplasts 
OBZI initiate "in vitro" the synthesis of peptides with formyl~ethionine 
at the B-terminus. This indicates that in these organellee endogenous 
messenger(~) programme polypeptido oh8ine starting with formyl~ethionine. 

Meth-tRHAF, originally deteoted in bacteria (1, 2), is also present 

in mitoohondricr (3, 4) and in ohloroplaste (5, 6). This partiaular tREA 

has been shown to initiate polypeptide ohsins in prokaryotes (7, 8). 

It has been suggested that it is also the initiator for the prokaryotic- 

type organelles (3, 6, 9). The evidenoe for this is a) a oell-free 

system from Euglena ohloroplaete, programmed with phage f2 FLU, 

eynthesized the initial peptide of the phage coat protein with fonzyl- 

methionine at the I&terminus (lo), b) labeled fonuyl-methionine was 

deteoted in pronase digests of mitoohondrial proteins from honey bees, 

which had been injected "in viva** with radioaotive methionine (ii), and 

o) the E. coli initiation faotors F -- 1 
and F 2, required for peptide chain 

initiation Yn vitro" with the trinucleotide AUG, are aotive on ribosomes 

from mitochondria of lVeuroepora orasea (12) and from chloroplasts of 

Euulena graoilis (13). 

Experiments devised to test whether isolated mitoahondria or chloro- 

plaate can synthesize polypeptide chains with fonnyl-methionine at the 

&terminus are desoribed in this paper. 

The results show that formyl-methionine peptidyl-puromyoin deriva- 

tives can be obtained from isolated mitochondria or chloroplasts in the 

presence of a system for the inoorporation of amino aoids, a formyl 
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group donor and puromyoin. 'Phia indioates that endogenous meeeenger(s) 

programme polypeptide chains starting with fonuyl-methionine. The 

physiological tictioning of formyl-methionyl-tRl?A in the initiation 

of protein eynthesia in these oytoplaemio organelles appears therefore 

to be definitively demo&rated. 

Material8 and Method6 

Mitoohondria were prepared (14) from Saoohammyoes oereviaiae 

apheroplaete, obtained after digestion of the oell wall with snail gut 

juioe. Chloroplaste were obtained from spinach leaves a8 previously 

dercribed (6). Plate oounts ahowed a baoterial aontamination ranging 

from 0.5 x ld to 5 I lo3 bacteria/aeeay in different preparations of 

mitoohondria and from 10 5 to 5 I 10 5 baoteria/assay in chloroplaste 

preparation8 (see DISCUSSIOK). 

0.8 ml of the reaotion mixture oontained: ohloroplaete (oa. 300 

M of ohlorophyll) or mitoohondria (1.5 mg of protein), 0.26 Y mannitol, 

50 mK HEPES pH 7.5, 20 ml6 meroaptciethanol, 2COpg tetrahydrofolate, 4 mM 

KCl, 0.04 YAM KD'PA, 8 mM ATP, 10 EH MgC12, 5 my puromy~n, 0.7 mM sodium 

fonnate, 45pM nethionine. When labeled, the speoiflo aotivitiee mere 

21Opo/pmole for 3H-formate and 615 po/,,ole for 35S-methionine . 

Inoubatione were aarried on at 30°C for 20 minutes and the labeling wata 

etopped by adding oold methionine (6poles) and/or foxmate (60~olee) 

andby-ohilling the tubea in an ioe-mater bath. The oytoplaemio organelles 

were disrupted by orrmotio shock, by diluting the inoubatlon mixture with 

low ionio etrenght buffer (10 a# Trie , pH 7.5). After oentrifugation 

at 12,000 xg, the pellet rae gently resuspended and uaehed onoe with 

buffer. 'we oombined supernatante were then aztraoted by repeated mixing 

on a vortex-type mixer with 1.5 volume6 of ethyl aoetate. The upper 

ethyl aoetate phase, separated from the aqueous phase bp oentrlfugation, 

ram evaporated to dryneaa under '02 &ream crad redissolved in 5 ml 

bioarbonate buffer, pH 7.5, for proname digestion, or direotly into 

eleotrophoreeita of ohramatography buffer. Pronaee digestion was perfowed 

at 37*C for 24 Bourn, after addition of 0.5 um~lee of unlabeled fonnyl- 

methiorryl-puromyoin. Labeled (35S) and unlabeled formylqethionyl- 
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puromyoin, mothionyl-puromyoin and formyl-methionine were ohemioallj 

aynthesioed (15, 16). Ethyl aoetate eolubility and eleotrophoretio 

mobilitiee of these compound8 hare been deeoribed by Ledor and 

Burezityn (16). 

Fig. 1 shows the results of an experiment with yeant mitoohondria. 

Formy1-Illethi0nine derivatdvee are identified in the eleotrophoretio 

Centimeters from applications point 

FIG. 1 Identifloation of the labeled fo~l~ethionsl-pepti~l~oin 
ZiYes myntheeised by ieolated yea& metoolnondria. (see Method8 for 
the oompoeitione of the inaubatea). 
Bleotrophoretio patter- ofr A) ethyl aootate extraote from asrplerr with 
(solid line - d or without puromyain (dotted line), B) pronaae digeat of s 
the solid line refer8 to an experiment in whioh %-meth wan the label and 
the dotted line to another experiment in uhioh the label was kformato. 
In A the flguree are eorreoted for traoer, of 35beth, aiooe the oontamina- 
tion was identical for both the samples. In B free %-m&h was romoYed by 
passing the digeet on Dower 50 -x 2. The arabio numorsl~ refer t 

85kbe1ed reference oompoundrrr 1) formyl~%-meth~ 2) 3%3-methf 3) formyl- S-methionyl- 
puromyoin; 4) 3knethionyl-puromyoin. Eleotrophoresir, were oarried out on 
Whatomn n. 1 paper in pyridine-amtio aoid-water (l/10/89), pH 3.5, at 50 
volte/aa for 40 mixnzte8 at ?OC. The eleotrophoretograms were divided in 1 aa 
strips and the radioaotiYity measured by liquid sointillation oounter* 
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pattern of the ethyl aoetate eoluble material obtained from the incubates 

of isolated organelles. In the preeewe of puromyeiin, the total radio- 

aotivity extraoted is inoreased at least tenfold, and over, when oorreo- 

tione for traces of methionine are made. In these eamples, labeled spot8 

positively oharged at pH 3.5 are evident, whereas the radioactivity in 

the region of formyl*ethion.ine is negligible. These spots show the 

eleofrophoretic mobility of formyl-methionyl-puromyain and methionyl- 

puromyaiin. However, theeleotrophoretio analysis of a partial pronase 

digeet of thie material displayed several other labeled spote, thus 

indioating the preaenoe of a family of peptidyl-puromycin derivatives. 

c. p.m., a b c d 

FIG. 2 Radiochromatographio analyeie of ethyl aaetate extra&able peotidyl- 
puromyoin derivativee eyntheaised by preperation of e~inaah ehloropla&ie. 
A) Chemioally eyntheeised labeled atandarda: a) ~%-methionine, b) formyl- 
methionine, o) methionyl-puromyoin, d) fo 

33 
l-methionyl-plnomyoil& 

B) Profile obtained from experiments with S-methionine labeling. 

34 
Profile obtained from a pronaee dieat of ohemioall~ ayntheeioed fonayl- 

S-methionyl-puromyoin. Dotted line: untreated eamplej solid liner after 

the treatment. 
D) Profile obtained from a pronase 3Y 

gest of B) (eolid line)5 dotted line: 
oo-ohromatography with the fomyl- S-msthionine rtandarb. 
Asoening ohromatographies were oarried out on Whatman n. 1 paper, with 
butanolrpyridinetaoetio aoidrwater (30:20x6:24) an a solvent. 
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Control experimeattv, in rhloh the appearanoe of fonnyl~ethionine from 

fo~l~ethionyl-puromyoin was followed, showed that the oommeroial 

pronase preparation hydrolyses the aminoaoid-puramyoin peptide-like 

bond and doee not oontain appreoiable defonnylating aottvity. After 

prolonged digeetion of the eample with pronaee, more than pO$.of the 

radioaotivity from the peptide region wae found to migrate with fowyl- 

methionine (fig. 1 B). 

The evidenoe for the formation of fonnyl-methionine derivatives 

hae been obtained also from gaper chromatography analyeee. The results 

obtained by euoh a method (described in the legend) in experiments 

performed with isolated ohloroplaets are reported in fig. 2. Again, 

fowyl-methionine ie olearly detected only after pronaee digestion of 

the ethyl acetate soluble material. 

In experiment8 of inoorporation with isolated mitoohondria or 

ohloroplaete, oytoplaemio and bacterial eontaaination must be taken 

into acoount. The possibility of some oontaminant of baoterial origin 

ae a aouroe of foxmyl-methionine ie exoluded by the following: 

a) with the prooedure adopted, that is ethyl aoetate extraction of 

12,000 x g supernatante from diluted inoubatee, baoteria are not 

recoveredg b) neither peptidyl-puromyoin derivatives nor formyl- 

methionlne were deteoted in oontrol experiments in which baoteria, 

grown by seeding platea with the incubates, were added, up to 10’ 

baoteria/aaeay, to heat inaotivated preparations of mitochondria and 

chloroplaete. Ala far ae the cytoplamnio system is oonoerned, a signif- 

icant oontribution to the incorporation of fowyl-methionine should 

be ruled out, in the light of the increasing number of papers sugges- 

ting a non-fowylated or non-fomylable methionyl-tRBUL a8 initiator on 

80s ribosonee (17, 18, 19, 20, 21, 22), and of the subcellular local- 

ization of transformylaee, enqme oonfined to oyttoplaanio organelles 

(6, 23, 24). 

More direot evidenae has however been attained, as the inoorporation of 

formyl-methionine was strongly inhibited by CAP. firther oharaoterisation is 
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in progreee. Besides oonfinning the initiator role of fowyl-methionyl-tREA, 

these results fndiu8te that both mitochondria and ahloroplasts can initiate 

polypeptide syntheaie "in vitro". Thie, if a method for the quantitative 

aseay of initiation should beoome available, might represent an important 

finding, inamauch 88 it provides the means for studying initiation in a 

system retaining "in vitro" a oonsiderable number of physiological aspeote. 
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