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~I!~Ii~ARY: Phenylalanine incorporation into polypeptides induced b~r poly (U) 
is markedly reduced in extracts obtained from polyamine depleted bacteria, 
and this effect, totally independent of !~N& synthesis, is related to some de- 
ficiency at the level of the ribosomal particles and/or the factors bound to 
them. The ribosomal profiles corresponding to polyamine starved cells change 
when cultures are supplemented with putrescine. 

The polyamines are organic cations which are present practically in all 

living cells, ilthough their exact physiolo~ical roles are still not well 

understood, many authors have indicated that taese substances participate in 

a wide variety of processes, such as stabilization of membranes and sub- 

cellular structures (I, 2), osmotic adaptation (3)and biosynthesis of nu- 

cleic acids and proteins (4, 5). 

Recent studies carried out with ~]scherichia coli mutants blocke~ in the 

biosynthesis of putrescine and spermidine have suggested that at least some 

of the polyamines effects on translation are not dependent on RNA synthesis 

(6, and Algranati, I. D., ~chandi, G. and ~a~s, W. K., manuscript in prepa- 

ration). This conclusion is further confirmed by the experiments reported in 

this paper, which describes the results obtained stud~ing polypeptide synthe- 

sis and ribosomal distribution in cell-free systems derived from bacteria 

grown in the absence and presence of polyamines. Furthermore the altered 

site of the translation machinery in starved cells was investigated. 

~&TERIaLS aND METHODS 

Putrescine dihydrochloride and sucrose (ribonuclease-free) were purchased 

from Schwarz-gann (Orangeburg, N.Y.): poly (U) as K + salt, was obtained from 

3igma; }~. coli stripped tRNA from General Biocheminals (Chagrin Falls, Ohio), 

and [14C]phenylalanine from New England Nuclear Corp. 

Bacterial strain and culture conditions, i~scherichia coli M& 261 Thr-, 

Leu-, Ser-, Thi', kindly supplied by Dr. %~. K. Maas, has been used in all 

the experiments. This strain is in addition a double mutant deficient in 
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the enz)~mes agmatine ureoh?rdrolase (AUH-) and the constitutive ornithine de- 

carboxylase (ODc-) . Therefore g. colA ~A 261 can neither synthesize pu- 

trescine nor spermidine an/ requires an exogenous polyamine supply for growth 

(~. ;(. ~aas, personal communication). 

The growth me4ia and the procedure for polyamine starvation of bacteria 

will he 4escribed elsewhere. After the starvation ]g. cola cells were grown 
I in the absence or presence of putrescine (~0 or M[~OP media, respectivel~) . 

Preparation of cell-free systems, l~xponentially growing cultures were 

harvests4 after slow cooling and cell-free extracts were obtained by gentle 

lysis as previously described (7), or by grinding in a mortar for 5 man with 

2 g of alumina per g of wet cells. After suspension of the mixture in Buffer 

I containing iO m~ Tris-HC1, p~I 7.8, 5 m~ magnesium acetate, 60 mM NH4CI and 

6 m~ 2-mercaptoethanol (5-4 ml per g of wet bacteria), alumina and cell de- 

bris were removed by cer~trifugation for 15 man at 20,000 x ~. The resulting 

supernatant fluid was incubated with 5 ~g DN&se per ml at O°C during 5 mAn 

and after a second centrifugation for 50 mAn at 50,000 x ~ the supernatant 

liquid (S30) was collected and dialyzed during 5 h against 500 volumes of 

~uffer I. In some cases S50 preparations were centrifuged for 160 mAn at 

150,OOO X ~ and the upper two thirds of the supernatant fluid (S150) , were 

collected. The pellet of ribosomes was resuspended in a small volume of Buf- 

fer I. The supernatant fractions $30 and S150, as well as the ribosomal sus- 

pension retained their activit 7 for at least several weeks on storage at 

-70°C. 

Ribosomal distribution analysis. The extracts obtained by enzymatic lysis 

or by ~rinding of bacteria were layered on top of 15-40~ (w/v) linear sucrose 

densit~r gradients containing 20 mM Tris-HC1 buffer, pH 7.8, 10 mM magnesium 

acetate and 50 mM KCI. After centrifugation for 90 mAn at 45,000 rpm in a 

Spinco SW 65 rotor, gradients were analyzed by monitoring at 254 nm with an 

ISCO ultraviolet anal~/zer. 

In vitro s~mthesis of 2olvpsptides and phenylalanine activation. The stan- 

dard reaction ~ixture for polyphenylalanine synthesis contained in a total 

volume of O.1 ml: Tris-HC1, pH 7.8, 50 mM; ATP, 1 mM; GTP, 0.02 mM: phospho- 

enolpyruvate, 5 mM~ pyruvate kinase, 5 ~g: NE4C1 , 60 mM; stripped g. colA 

tRNA, 40 ~g: [14C]phenylalanine (spec. act. 50 JQmole), O.O1 mM; poly (U), 

50 ~g, and magnesium acetate and $30 extracts as indicated in each case. 

S150 supernatant fluid and ribosomal suspension were used in some experiments 

l&bbreviations: ~0, minimal medium without putrescine; ~[MOP, minimal medium 
with putrescine. 
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Fhenylalanine incorporation induced by poly (U) in cell-free ex- 
tracts of E. coli MA 261 cultivated under different conditions. 
Reaction mixtures were as described in Materials and ~ethods with 
14 mM magnesium acetate and the amounts indicated of $50 extracts 
(expressed in A^60 units). The incubation time was 30"min. 
S~bols: O and 8 correspond to extracts from bacteria grown in 
~0 and ~.~OP media, respectively. 

Effect of Mg++ concentration on polyphenylalanine synthesis in 
extracts from starved or unstarved bacteria. 
Standard reaction mixtures were used with 0.4 Ao~ ~ units of S.. 
tracts and the indicated Mg ++ levels. All othe~etails and 9u 
symbols as in Fig. I. 

ex- 

instead of $30 extracts. The complete ~ixture without poly (U) was preincu- 

bated for 3 min at 37°C and after the addition of the mRNA the reaction was 

carried out at the same temperature during the indicated times. The reaction 

was stopped by adding cold trichloroacetic acid (final concentration, 6%). 

&fter heating at 90°C for 15 min the precipitate was collected on ~illipore 

filters, washed with cold 5% trichloroacetic acid, dried and counted in a 

Packard scintillation counter. 

In order to determine the Phe-tRNA formation the standard reaction mixture, 

without poly (U), was used, and the radioactivity of cold ~ trichloroacetic 

acid insoluble material was measmred. 

RZSULTS &ND DIJCU~SION 

In vivo studies carried out recently in our laboratory with E. coli ~'ILA 261 

have indicated that the amino acid incorporation into proteins increased when 

bacteria grown under conditions of polyamine starvation were supplemented with 

putrescine. ~he enhancement of protein synthesis due to the addition of poly- 
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Fig. 5. Kinetics of Phe incorporation by 850 extracts from starved or un- 
starved cells. 
Reaction mixtures as described in Materials and ~[ethods with 14 mM 
magnesium acetate and 0.4 A260 units of each bacterial extract. 
Symbols as in Fig. 1. 

Fig. 4. ifinetics of Phe activation in S~ extracts from starved or unstarved 
cells. 
Reaction mixtures as detailed in Materials and ~ethods and Fig. 5. 
S~bols as in Fig. 1. 

amine was observed even in the presence of rifampicin which is able t o  inhibit 

i~& formation almost completely (&lgranati, I. D., Echandi, G. and ~aae, W.K., 

manuscript in preparation). These results strongly s~ggest that the polyami- 

nes stimulatory effect on protein synthesis is independent of transcription. 

The use of an in vitro system with synthetic mRNA enabled us to dissect the 

processes of transcription and translation. E~periments carried out in this 

way permitted us to confirm our hypothesis. The polypeptide synthesis in cell- 

free systems prepared from bacteria grown in the presence of putreseine was 

2 to 5 fold higher than the corresponding activity of extracts derived from 

polyamine-deplete@ cells. Fig. 1 shows the phenylalanine incorporation indu- 

ced by poly (U) with different amounts of $30 extracts obtained from polyamine 

starved or unstarved bacteria. This effect could be due to differences in Mg *+ 

requirements for maximal activity. However, this was not the case, since the 

Mg ++ level giving maximal iucorporaticn was 13 to 15 mM in both extracts (Fig. 

2). It is relevant to mention that several authors (8, 9) have found a de- 

crease of the optimal Mg ++ concentration required for polypeptide synthesis 

when spermidine was added to the in vitro systems. 
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Table i. Poly (U)-dependent phenylalanine incorporation catalyzed by 
reconstituted systems containing ribosomes and S150 supernataat 
fractions from starved or unstarved bacteria • 

The standard reaction mixtures contained ribosomal suspension (0.2 Aoz units) 
~g of protein) prepared from cells cu~ivated and SI~ O supernatant fluid (15 u 

in ~O'Sr ~OP as indicated in each experiment. Mg ++ concentration was 14 mM 
~ud all other components were as described in Materials and Methods. The in- 
cubation time was 30 min. The blank values obtained in the absence of poly (U) 
were subtracted in each case. 

~xpt. i 

Expt. 2 

Ribosomes ] S150 

from bacteria grown in medium 

MMO ~OP 

+ 

-- + 

- + 

+ 

-- + 

. + 

- + 

+ 

- + 

+ 

- + 

+ 

- + 

Polypeptide synthesis 

(pmoles of Phe incorporation) 

48.4 
59.6 

143.5 
136.o 

25.0 
46.4 
70.5 
97.e 

The time course of phenylalanine incorporation indicated that protein syn- 

thesis had a lower initial velocity and levelled off earlier in the extracts 

of cells cultivated in ML~O medium (Fig. 3). These effects cannot be attribu- 

ted to differences in the amino acid activation step, since this process had 

almost identical kinetics in both systems, as can be seen in Fig. 4. 

The effect of bacterial polyamine starvation on polypeptide synthesis in 

cell-free systems could be related to some deficiency at the level of ribo- 

somal particles, the soluble factors present in the supernatant fraction or 

both. in order to elucidate this problem the $50 extracts were centrifuged 

and ribosomes were separated from the supernatant fluids. Afterwards the 

polyphenylalanine s~thesis was measured in standard reaction mixtures 

combining ribosomes and S15 O fractions derived from starved and unstarved 

cells. The values given in Table I show that the stimulation of polypeptide 

synthesis observed in some experiments depends exclusively on ribosomes, whe- 

reas in other preparations this effect depends on ribosomal particles as well 

as on S150 supernatant fractions. These results could be explained if we 

assume that the polyamine starvation is able to induce an alteration of a 

ribosomal component or factor that in some preparations might be partially 

released to the supernatant fluid. 
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Fig. 5. Effect of polyamine addition to the cultures on the ribosomal pro- 
files of bacterial lysates and S~. fractions. 
Cell extracts (about 0.6 A~. an~s) were analzzed after sucrose 
gradient centrifugation, i and B are the ribosomal patterns 
corresponding to lysates, and C and D to 3_ O extracts. A and C are 
the profiles of samples obtained from starSed bacteria; B and D 
correspond to cells grown in the presence of putrescine. 

From Table I it can also be concluded that ribosomes obtained either from 

polyamine starved or unstarved bacteria are functionally different. This 

fact led us to study the distribution of ribosomal particles contained in 

lysates and $30 extracts prepared from cells grown in both conditions. The 

profiles corresponding to enzymatic lysates represent the intracellular ri- 

bosomal distribution, while those corresponding to the 330 extracts obtained 

by grinding of bacteria, give a good picture of ribosomal particles present 

in the cell-free systems used in our polypeptide synthesis assays. The su- 

crose gradient analysis shown in Fig. 5 indicated that lysates obtained from 

polyamine depleted bacteria contained relatively low amounts of 708 ribosomes 

and 3OS particles in comparison to the high 505 peak. On the other hand ly- 

sates from cells cultivated in 2,[~IOP medium showed a marked increase of 7OS 

monomers and a normalization of the relative amounts of both subunits. Si- 

milar patterns with respect to the relationship between subparticles were ob- 

served in 330 extracts (Fig. 5C and 5D); however, in these preparations most 
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of 7OS ribosomes disappeared due to their dissociation during the cell rup- 

ture procedure. The lower total ribosomal content observed in the profiles 

corresponding to starved bacteria is compensated b3r a higher absorbency in 

the supernatant (not shown in figures). 

Our results demonstrate that i_~n vitro protein s~Tnthesis is markedly lower 

in cell-free extracts prepared from polyamine depleted bacteria. The ini- 

tiation step as well as the elongation of pol~peptides seem to be altered. 

~'urthermore the ribosomal ~istribution pattern is abnormal, su~Tgesting that 

the bios~nthesis and/or the assembl?~ of 30~ subunits are somehow damaged dur- 

ing polyamine starvation. This possibility, is at present under investiga- 

tion in our laboratory. 

&lthough the effect of intracellular polyamine levels on protein synthe- 

sis seems to be related to the ribosomal fraction (Table I), more experiments 

are required to conclude that the observed alteration in polypeptide synthe- 

sis is a direct consequence of some change occurring in ribosomes. On the 

other hand the present studies on in vitro s~ste~s clearly indicate ti~at the 

8escribed effect on translation caused b~, polya~ine starvation of bacteria 

is in~ependent of the R~IA s~nthesis process. 
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