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SUMHARY: Phenvlalanine incorporation into polvpeptides induced by poly (U)
ig markedly reduced in extracts obtained from polyamine depleted bacteria,
and this effect, totally independent of RNA 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 polvamines are organic cations which are present practically in all
living cells. Although their exact physiological roles are still not well
understood, many authors have indicated that these substances participate in
a wide variety of processes, such as stabilization of membranes and sub-
cellular structures (1, 2), osmotic adaptation (3) and biosynthesis of nu-
cleic acids and proteins (4, 5).

Hecent studies carried out with “scherichia coli mutants blocked in the

biosrnthesis of putrescine and spermidine have suggested that at least some
of the polvamines effects on translation are not dependent on RNA synthesis
(6, and Algranati, I. D., lichandi, G. and Maas, 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 svstems derived from bacteria
grown in the absence and presence of polvamines., Furthermore the altered

site of the translation wmachinery in starved cells was investigated.

MATHRIALS AND MxTHOLS
Putrescine dihydrochloride and sucrose (ribonuclease-free) were purchased
from Schwarz-iann (Orangeburg, N.Y.); poly (U) as K' salt, was obtained from
3igma; B. coli stripped tRNA from General Biochemicals (Chagrin #alls, Ohio),
and [14C]phenylalanine from New kingland Nuclear Corp.

Bacterial strain and culture conditions. Hscherichia coli MA 261 Thr-,

Lew™, Ser , Thi~, kindly supplied by br. W. K. ¥aas, has been used in all
the experiments, This strain is in addition a double mutant deficient in
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the enzymes agmatine ureohvdrolase (4U4”) and the constitutive ormithine de-
carboxylase (ODc-)‘ Therefore ., coli WMA 261 can neither synthesize pu-
trescine nor spermidine and requires an exogenous polyamine supply for growth
(W. K. ¥aas, personal communication).

The growth media and the procedure for polyamine starvation of bacteria
will be described elsewhere. After the starvation #. coli cells were grown
in the absence or presence of putrescine (MMO or MMOP media, respectively)l.

Preparation of cell-free svstems. UExponentially growing cultures were

harvested after slow cooling and cell-free extracts were obtained by gentle
lysis as previously described (7), or by grinding in a mortar for 5 min with
2 g of alumina per g of wet cells. After suspension of the mixture in Buffer
I containing 10 oy Tris-HC1l, pH 7.8, 5 ui magnesium acetate, 60 mM NH4C1 and
6 mM 2-mercaptoethanol (3-4 ml per g of wet bacteria), alumina and cell de-
bris were removed by centrifugation for 15 min at 20,000 x g. The resulting
supernatant fluid was incubated with 3 npg UNaise per ml at 0% during 5 win
and after a second centrifugation for 30 min at 30,000 x g the supernatant
liquid (330) was collected and dialyzed during 5 h against 500 volumes of
Buffer I, In some cases 550 preparations were centrifuged for 160 min at
150,000 x g and the upper two thirds of the supernatant fluid (3150)’ were
collected, The pellet of ribosomes was resuspended in a small volume of Buf-

fer I. The supernatant fractions 3 and 3150, as well as the ribosomal sus=-

30
pension retained their activity for at least several weeks on storage at
-70%

Ribosomal distribution analysis. Tae extracts obtained by enzymatic lysis

or by grinding of bacteria were layered on top of 15-40% (w/v) linear sucrose
density gradients containing 20 wM Tris-HCl buffer, pH 7.8, 10 m¥ magnesium
acetate and 50 oM KCl. After centrifugation for 90 min at 45,000 rpm in a
Spinco 5W 65 rotor, gradients were analyzed by monitoring at 254 nm with an
ISCO ultraviolet analyzer.

In vitro gymthesis of polypeptides and phenvlalanine activation., The stan-

dard reaction mixture for polyphenylalanine synthesis contained in a total
volume of 0.1 ml: Tris-HCl, pH 7.8, 50 wM; ATP, 1 mM; GTP, 0.02 wM; phospho-
enolpyruvate, 5 mM; pyvruvate kinase, % ug: NH401, 60 mM; stripped B. coli
tRNA, 40 pg; [}4C]phenylalanine {spec. act. 50 Jifwole), 0.01 mM; poly (U),

50 pg, and magnesium acetate and S, . extracts as indicated in each case.

30
5150 supernatant fluid and ribosomal suspension were used in some experiments

1 sk -
Abbreviations: MMO, minimal medium without putrescine; MMOP, winimal medium
with putrescine,
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Fig, 1. Phenylalanine 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 Methods with
14 mM magnesium acetate and the amounts indicated of 3,,. extracts
(expressed in A 60 units)., The incubation time was 303min.
Symbols: @ and 6 correspond to extracts from bacteria grown in
#MO and MMOP media, respectively.

o

o

rig., 2. Bffect of Mg++ concentration on polyphenylalanine synthesis in
extracts from gstarved or unstarved bacteria.
Standard reaction mixtures were used with 0.4 A26 units of 530 ex=
tracts and the indicated Mg*t levels. All othe? Qetaila and
aymbols as in Pig. 1.

instead of 550 extracts, The complete mixture without poly (U) was preincu-
bated for 3 min at 37%3 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%).
After heating at 90°C for 15 min the precipitate was collected on idillipore
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 wixture,
without poly (U), was used, and the radioactivity of cold %5 trichloroacetic

acid insoluble material was measured.

RESULTS AND DISCUSSION

In vivo studies carried out recently in our laboratory with E. coli MA 261
have indicated that the amino acid incorporation into proteins increased when
hacteria grown under conditions of polyamine starvation were supplemented with

putrescine., The enhancement of protein synthesis due to the addition of poly-

315



Vol. 62, No. 2, 1975 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

T T B
~10L
2 2"
16 T T T T T T T T *
’E‘ &
Q \8" 8r b
<
12 §
5 s
[ S 6 -
S Q [o
58 § .
g £ A
g & 4 1
£ [
IS 8]
g 3
= S
; ief :
Q@ Q
< 0 kS
R 20 40 60 80 &
TIME (min) = . L
10 20 30 40

<
o

o TIME (min)

#ige 3. Kinetics of Phe incorporation by 830 extracts from starved or un-
starved cells,
Reaction mixtures as described in Materials and kethods with 14 aM
magnesium acetate and 0.4 A260 units of each bacterial extract.
Symbols as in Fig. 1.

Fig. 4. Kinetics of Phe activation in 350 extracts from starved or unstarved
cells.
Reaction mixtures as detailed in Haterials and Methods and Fig. 3.
3ymbols as in ¥Fig. 1.

anine was obgerved even in the pregence of rifampicin which is able to inhibit
RNA formation almost completely (algranati, I. D., Zchandi, G. and iaas, W.K.,
manuscript in preparation). ‘These results strongly suggest that the polyami-
neg stimulatory effect on protein synthesis is independent of transceription.
The use of an in vitro system with synthetic mRNA enabled us to dissect the
procegses of transcription and translation. Mxperiments carried out in this
way permitted us to confirm our nypothesis. The polypeptide synthesis in cell-
free gystems prepared from bacteria grown in the presence of putrescine was

2 to 5 fold higher than the corresponding activity of extracts derived from
polyamine-depleted cells. Fig. 1 shows the phenylalanine incorporation indu-
ced by poly (U) with different amounts of 830 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 wmaximal incorporation 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 Slso supernatant
fractions frow starved or unstarved bacteria -

The standard reaction mixtures contained ribosomal suspension (0.2 A 0 units)
and 3 50 supernatant fluid (15 pg of protein) prepared from cells cu%élvated

in MM& or MHMOP as indicated in each experiment. ug*t concentration was 14 mM
and 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.

Ribosomes 8150
Polypeptide svnthesis
from bacteria grown in medium
(pmoles of Phe incorporation)
MMO  MMOP MO 1MOP
+ - + - 48.4
S + - - + 59.6
axpt. 1 _ + + i 123.5
- + - + 136.0
+ - + - 25.0
. + - - + 6.
Bxpt. 2 _ + + _ ;0.;
- + - + 97.8

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 MMO 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 gvstems 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 3., extracts were centrifuged

and ribosomes were separated from the supernatazi fluids., Afterwards the
polyphenylalanine synthesis was measured in standard reaction mixtures
combining ribosomes and 3150 fractions derived frowm starved and unstarved
cells. The values given in Table I show that the stimulation of polypeptide
synthesgis observed in some experiments depends exclusively on ribosomes, whe~
reas in other preparations this effect depends on ribosomal particles as well

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

150
agsume that the polyamine starvation is able to induce an alteration of a
ribosowal couwponent or factor that in some preparations might be partially

released to the supernatant fluid.
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Pig. 5. Bffect of polyamine addition to the cultures on the ribosomal pro-
files of bacterial lysates and 3, ., fractions.
Cell extracts (about 0.6 Areo unzgs) were analyzed after sucrose
gradient centrifugation. ~ A and B are the ribosomal patterns
corresponding to lysates, and C and D to 3 0 extracts. 4 and C are
the profiles of samples obtained from staréed bacteria; B and B

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 SBO 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 3, extracts obtained

by grinding of bacteria, give a good picture of ribosomazoparticles present
in the cell~free systems used in our polypeptide synthesis assays. The su-
crose gradient analysis shown iﬁ Fig. 5 indicated that lysates obtained from
polyamine depleted bacteria contained relatively low amounts of 703 ribosomes
and 303 particles in comparison to the high 505 peak. On the other hand ly-
sates from cells cultivated in KMOP wedium showed a marked increase of 708
monomers and a normalization of the relative amounts of both subunits. 3i-
milar patterns with respect to the relationship between subparticles were ob-

served in 330 extracts (Fig. 50 and 5b); however, in these prepurations most
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of 705 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 by a higher absorbancy in
the supernatant {not shown in figures).

Our results demonstrate that in vitro protein synthesis is markedly lower
in cell-free extracts prepared from polyamine depleted bacteria. The ini-
tiation step as well as the elongation of polypeptides seem to be altered.
Hurthermore the ribosomal distribution pattern is abnormal, suggesting that
the biosynthesis and/or the assembly of 3035 subunits are somehow damaged dur-
ing polvamine starvation. This possibility is at present under investiga-
tion in our laboratory.

althoush the effect of intracellular polyamine levels on protein synthe-
sis seems to be ralated 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 systeams clearly indicate that the
described effect on translation caused by polyamine starvation of bacteria

is independent of the RJA svnthesis process.
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