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Saccharomyces cerevisiae spelA SPE2 mutants (lacking ornithine decarboxylase) and spelA spe2A mutants
(lacking both ornithine decarboxylase and S-adenosylmethionine decarboxylase) are equally unable to
synthesize putrescine, spermidine, and spermine and require spermidine or spermine for growth in amine-free
media. The cessation of growth, however, occurs more rapidly in spelA SPE2 cells than in SPEJ spe2A or spelA
spe2A cells. Since spelA SPE2 cells can synthesize decarboxylated adenosylmethionine (dcAdoMet), these data
indicate that dcAdoMet may be toxic to amine-deficient cells.

Saccharomyces cerevisiae contains the enzymes essential for
the biosynthesis of putrescine, spermidine, and spermine (Fig.
1) (4, 6). We previously prepared a null deletion-insertion
mutation (spe2A) in the gene for S-adenosylmethionine decar-
boxylase (AdoMet decarboxylase) which converts S-adenosyl-
methionine (S-AdoMet) to decarboxylated adenosylmethi-
onine (dcAdoMet), an intermediate in the biosynthesis of both
spermidine and spermine. This mutant requires ca. 15 dou-
blings in amine-free medium before growth stops (2).

In this work, we compare the relative growth of a SPEJ
spe2A strain (which contains a high concentration of putrescine
but no spermidine or spermine [2]) with the growth of spelA
spe2A and spelA SPE2 strains (both of which lack all three
amines).

Strains. The strains used are listed in Table 1. The construc-
tion of the spelA::LEU2 deletion-insertion mutant (strain
Y359) was carried out by a one-step disruption technique (17).
We treated pSPE1U (19), containing the SPE] gene derived
from the original pSPE-12 supplied by Fonzi and Sypherd (7,
8), with BstEII and BglII, which deleted a 1,764-bp sequence
that included most of the SPEJ gene. This deletion was
replaced with a 2,026-bp NarI-HpaI fragment from YEp352
containing the LEU2 gene (9). Treatment with PvuII released
a 3,162-bp fragment containing the mutated spe1A::LEU2 gene
which was used to transform (10) strain 2602, a SPEJ leu2
strain. LEU+ recombinants were selected and tested for the
absence of ornithine decarboxylase activity. The spelA spe2A
double mutant (Y362) was obtained by sporulation of the
diploid Y360 (Table 1) and subsequent tetrad dissection. In
this paper, spelA = spelA::LEU2 and spe2A = spe2A::LEU2
(Table 1). pSPE 2-3 is a plasmid that overproduces the SPE2
gene product, and its construction has previously been de-
scribed (3).
Growth experiments. All growth experiments were carried

out at 30'C with shaking in air. Strains were grown overnight in
YPAD medium (2), collected by centrifugation, washed with
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water, and resuspended in an equal volume of water. These
cells were diluted in H medium (2) containing the necessary
supplements to give an initial optical density of 0.01 (see Fig.
2). When the optical density of a culture exceeded 1.0, the
culture was diluted 10-fold in the same medium. Data were
corrected for these dilutions.

Determination of dcAdoMet. The cells were extracted with
trichloroacetic acid, chromatographed on an Aminex AS col-
umn, and eluted with buffer as we previously described for the
determination of polyamines (2). UV absorbance was moni-
tored at 254 nm; dcAdoMet was eluted at 50 min. The amount
of UV absorbance in the peak was compared with that of
synthetic dcAdoMet supplied by Giorgio Stramentinoli. Only
free dcAdoMet was measured; i.e., derivatives such as the
acetyl dcAdoMet in mammalian cells described by Pegg et al.
(16) were not assayed.
Growth rates. Figure 2 shows the growth rates of various

strains after transfer from an amine-containing (YPAD) me-
dium to an amine-free purified medium. Both the SPE] spe2A
strain (that makes putrescine but not spermidine and sper-
mine) and the spelA spe2A strain (that cannot make pu-
trescine, spermidine, or spermine) required the same number
of doublings to reach the depleted state (as measured by the
cessation of growth) despite the presence of a high level of
putrescine in the SPE spe2A strain.
We also measured the growth rate of the spel A SPE2 strain.

Although the amine profile of this strain is the same as that of
the spelA spe2A strain, i.e., both strains lack all three amines,
the effect of amine deficiency occurred significantly earlier in
the spelA SPE2 strain. Thus, the growth of this strain was
markedly decreased within the first day after dilution in
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FIG. 1. Diagram of the biosynthesis of putrescine, spermidine, and
spermine.
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TABLE 1. Strains used in this study

Strain Ploidy Genotype Source or
reference

2602 Haploid MATct ura3-52 his6 leu2 R. B. Wickner
Y343 Haploid MATa trp3 leu2 spe2A:::LEU2 2
Y344 Haploid MATa ura3-52 his6 leu2 2

spe2A:ELEU2
Y359 Haploid MATa ura3-52 his6 leu2 This study

spelA::LEU2
Y360 Diploid MATa ura3-52 TRP3 his6 Y359 x Y343;

keu2 spelA::LEU2 this study
AL4Ta URA3 trp3 HIS6 leu2
spe2A:LEU2

Y361 Haploid MATa ura3-52 his6 leu2 Sporulation of
SPEJ SPE2 Y360

Y362 Haploid MATa ura3-52 leu2 Sporulation of
spelA::LEU2 spe2A::LEU2 Y360

Y363 Haploid MATa ura3-52 his6 keu2 Sporulation of
spelA::LEU2 Y360

purified medium. In contrast, the spelA spe2A strain continued
to grow slowly for 4 to 5 days in amine-free medium before the
complete cessation of growth (2). Similar growth curves were
obtained when cell counts were measured, indicating that the
early cessation of growth in the spelA SPE2 strain was not the
result of the loss of cell viability.
To confirm the deleterious effect of the SPE2 gene in a

polyamine-deficient mutant, we transformed the spelA spe2A
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FIG. 2. Growth curves for the spelA:-LEU mutant Y363 (L), the
spe2A::LEU mutant Y344 (A), the spelA::LEU spe2A::LEU double
mutant Y362 (x), and the SPEJ SPE2 strain Y361 (E) after transfer
from YPAD medium to amine-free H medium. When the optical
density of a culture exceeded 1.0, the culture was diluted 10-fold in the
same medium. Data were corrected for these dilutions.

TABLE 2. Effects of a multicopy plasmid encoding the SPE2 gene
on the accumulation of dcAdoMet in putrescine-

deficient S. cerevisiae

Strain Chromosomal Plasmid dcAdoMetgenotype genotype wtng[

Y362/YEp352 spelA spe2A Vector only Not detected
Y362/pSPE 2-3 spelA spe2A SPE2 170
Y363/YEp352 spelA SPE2 Vector only 110
Y363/pSPE 2-3 spelA SPE2 SPE2 860
2602 SPEJ SPE2 No plasmid Not detected

a After growth in polyamine-deficient medium for 2 to 3 days. The limit of
detection was 10 nmol per g (wet wt).

and spelA SPE2 strains with either a plasmid containing the
SPE2 gene (pSPE 2-3) or a control plasmid (YEp352) and
compared the growth curves during amine deprivation. There
were very rapid decreases in growth rate (as measured by
optical density) for the spelA SPE2 and spelA spe2A strains
that contained the overproducing pSPE 2-3 compared with the
growth rates of the same strains with the vector YEp352 alone
(data not shown).
dcAdoMet accumulates in spelA strains that contain a

wild-type SPE2 gene. After incubation for 2 to 3 days in
amine-deficient media, marked increases in the amounts of
dcAdoMet in spelA SPE2 and spelA SPE2IpSPE 2-3 cells were
found (Table 2). This finding is consistent with previous work
on the accumulation of dcAdoMet in S. cerevisiae deficient in
spermidine synthase (5) and in other cells and urine (1, 11-16,
18) after the inhibition of ornithine decarboxylase by treatment
with difluoromethylornithine. The amount of dcAdoMet in
SPEJ SPE2 cells was too low to be detected by our assays (<10
nmollg [wet weight]). While our results do not explain the
mechanism of toxicity observed in our experiments, one pos-
sibility is that histone acetylation is inhibited by dcAdoMet, as
previously shown by Pegg et al. (16) in vitro with nuclear
extracts from rat livers.

In most studies on the physiologic role of polyamines, the
levels of polyamines have been changed either by the use of
inhibitors or by mutations. In view of the results reported in
this paper, the clinical effects of inhibitors might be influenced
by the amounts of active AdoMet decarboxylase or its enzy-
matic products in amine-deficient cells. Consistent with this
possibility is a recent report (1) that the increased susceptibility
of some strains of trypanosomes from rats treated with cc-
difluoromethylornithine could be correlated with increased
combined pools of S-AdoMet and AdoMet decarboxylase in
the parasites. Thus, our results may be relevant to the thera-
peutic efficiency of the inhibitors of ornithine decarboxylase
and dcAdoMet that are being used as potential antitumor or
trypanocidal agents.

We acknowledge the assistance of Ain Robinson, a participant in the
Howard Hughes Medical Institute-NIH/Montgomery County Public
Schools Internship program (1990), in the preparation of various
mutants and plasmids.
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