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Streptomycin Resistance (rpsL) Produces an Absolute
Requirement for Polyamines for Growth of an Escherichia
coli Strain Unable to Synthesize Putrescine and Spermidine
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The presence of certain rpsL (strA) mutations in a strain of Escherichia coli
that cannot synthesize putrescine or spermidine because of deletions in ornithine
decarboxylase, arginine decarboxylase, and agmatine ureohydrolase, converts a
partial requirement for polyamines for growth into an absolute requirement.

Numerous studies have shown that the poly-
amines, putrescine, spermidine, and spermine,
have a large variety of effects in vitro (reviewed
in 1, 2, 8, 18, and 21). In an attempt to determine
which of these effects are relevant to the physi-
ological function of the polyamines in vivo, we
have constructed strains of Escherichia coli that
do not contain putrescine and spermidine when
grown in amine-free media, because of deletions
in the biosynthetic pathways, i.e., ornithine de-
carboxylase (speC), arginine decarboxylase
(speA), agmatine ureohydrolase (speB), adeno-
sylmethionine decarboxylase (speD), and lysine
decarboxylase (cadA) (6, 11, 17). We were sur-
prised to find that amine-deficient E. coli could
grow indefinitely in such media, although at only
one-third the rate observed in an amine-contain-
ing medium. Certain bacteriophages, such as T4
and T7, multiplied well in these amine-free
strains, but bacteriophage X exhibited little or
no replication (6).
We have now found that the requirement for

amines for growth can be made absolute in one
A(speA-speB) AspeC strain of E. coli by intro-
ducing a mutation in the rpsL (strA) gene; i.e.,
no growth is observed in the absence of added
amines.
The methods used have been described pre-

viously (6, 14, 17). The strains used are listed in
Table 1. Cells were grown at 37°C in a minimal
medium (20) containing 0.4% glucose and the
necessary auxotrophic requirements (100 tig/
ml). Amines were added where indicated to a
final concentration of i0'4 M putrescine and 10-
M spermidine. Before transfer to an amine-de-
ficient medium, cells were collected by centrif-
ugation at room temperature and washed twice

with an equal volume of 0.15 M NaCl.
When HT395, a A(speA-speB) A(speC-glc)

strain, was removed from a medium containing
polyamines, washed with saline, and diluted into
fresh medium, it grew initially at about the same
rate in the presence or absence of polyamines
(Fig. 1A); after about 10 generations, the growth
rate in the absence of polyamines had decreased
to about one-third of that seen in the presence
of polyamines, and this growth rate was main-
tained indefinitely. (The latter data, not shown
in this paper, are similar to those in Fig. 4 in
reference 6.) When HT414, an rpsL9 transduc-
tant of HT395, was treated in a comparable
manner, the growth without polyamines was
very different; i.e., growth slowed very soon and
ceased after 7 h (Fig. IB). Surprisingly, the
growth stopped while there was still a significant
intracellular polyamine level. Addition of
MgSO4 (0.01 M) or of streptomycifn (10 fig or 100
ytg/ml) to the amine-deficient medium did not
affect the growth rate; these negative experi-
ments are of interest since previous studies
showed that Mg> or streptomycin can often
partially replace polyamines in in vitro studies
on ribosome structure and protein biosynthesis
(2, 3, 12).

It is clear that the introduction of the rpsL9
mutation has resulted in an absolute require-
ment for polyamines. Similarly, incubation on
agar plates containing minimal media confirmed
this finding of an absolute requirement of HT414
for amine supplementation. However, suppres-
sor mutants that no longer had an absolute
requirement for polyamines for growth occurred
at a frequency of about 1 in 103; these suppressor
mutants were still streptomycin resistant.
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The same mutation was responsible for the
development of the absolute requirement for
polyamines and for the resistance to strepto-
mycin, since all of 96 streptomycin-resistant
transductants (rpsL9 transduced into HT395)
showed both phenotypes. However, the intro-

TABLE 1. Strains

Strain no. Genotype Source

HT395 thr thi A(speA-speB) leu+ transductant of
A(speC-glc) hsd sup HT289

HT414 thr thi A(speA-speB) rpsL transductant of
A(speC-glc) hsd HT395a
rpsL9 sup

HT289 thr leu thi A(speA- Hfr cross of
speB) A(speC-glc) EWH331 and a
hsd sup thyA derivative of

DK42

DK42 thr leu thi hsd Obtained from D.
Kopecko (13)

EWH331 Hfr thr pro thi rpsL25 Described in refer-
spc .s;upE44 A(speA- ence 6
spe.3) A( speC-glc)
AspcD

aThe rpsL defect was originally present in E. coli strain
KL132 obtained from Barbara J. Bachmann of the E. coli
Genetic Stock Center at Yale University.
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duction of different rpsL alleles resulted in dif-
ferent degrees of polyamine dependence. For
example, an absolute amine requirement was
found after transduction of HT395 to strepto-
mycin resistance with bacteriophage P1 pre-
pared on strains carrying rpsL9, rpsL125, or
three undefined rpsL alleles. On the other hand,
if the P1 was prepared on a strain containing the
rpsL25 mutation, the resultant strain showed
much less dependence on amines. Four sponta-
neous streptomycin-resistant mutants of HT395
were also tested; only one showed an absolute
amine requirement. We do not have sufficient
data yet to state whether the phenotypic expres-
sion of the rpsL mutation presented in this paper
is dependent on other factors in the genetic
background of the strain containing the A(speA-
speB) AspeC deletions.

Since it is well known that the rpsL mutation
affects the S12 ribosomal protein (16), it seems
likely that the effect of the rpsL mutation in
increasing the polyamine requirement indicates
polyamine involvement in ribosomal structure
and protein biosynthesis, especially since there
are previous reports (primarily in vitro) on the
effects of polyamines in these systems (1-4, 7, 9,
10, 12, 15, 18, 19, 22). However, the exact bio-
chemical mechanisms for our observation can-

Hours

FIG. 1. Growth rate of HT395 (A) and of its rpsL9 transductant (HT414) (B) in amine-free media and in
media supplemented with 10- AM putrescine and i0-' M spermidine. Cells were grown in media containing
10-4 Mputrescine and 10-' M spermidine to approximately 109 cells per ml. The culture was centrifuged; the
cells were washed twice with an equal volume of 0.15M NaCl and then resuspended in 0.15M NaCl. At zero
time, this suspension was diluted approximately 50-fold into fresh medium (± amines) and incubated with
shaking at 37°C.
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not be defined at present; rpsL mutation may
also affect reactions not directly related to the
ribosomal system because of its well-known ef-
fect on decreasing ambiguity in translation (5).
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