well as from the work of Buchanan ¢)
and of Hall and Long (5), the reduced or-
ganic materials (those extractable by ac-
ctone and benzene) average 10 = 5 per-
cent. From the value of 10 percent “‘oil”’
content, the following rough calculation
can be made: For biomass production an
annual yield per acre of 10 tons (dry) can
reasonably be expected (2), giving an oil
production of 1 ton (7 barrels). The annu-
al cultivation costs per acre are esti-
mated to be $150 (2), or about $20 per
barrel. Processing costs are not includ-
ed, but neither is the value of the residual
biomass. The possible added value of the
oil for uses other than fuel has also yet to
be determined. This preliminary cost es-
timate is close enough to the current
price of petroleum to warrant further in-
vestigation. Test plantings in California
of Euphorbia lathyris (of which we had
sufficient seeds) and of Euphorbia tiru-
calli (whose cuttings were readily avail-
able to us) have been started, and from
these we can try to confirm and refine the
above figures. An experimental planting
of E. lathyris at the South Coast Field
Station of the University of California in
Santa Ana has so far indicated a yield of
not less than 8 barrels per acre in the 7-
month growing season from February to
September.

Table 2 shows that the latex of these
plants is very rich in reduced photosyn-
thetic materials (polyisoprenes and ster-
ols), which comprise up to 80 percent of
the dry weight (the latex, depending on
the species and on the time of year and
day, contains 30 to 90 percent water).
Furthermore, some of the species are
trees (such as Achras sapote, Euphorbia
tirucalli, and Euphorbia trigona), and

they could therefore be tapped. As com-
pared to H. brasiliensis, which has to be
hand-tapped, an automatic, continuous
flow device (reducing the costs consid-
erably) might be constructed for these
species. Their latex contains much less
rubber and more lower molecular weight
material than H. brasiliensis, and there-
fore coagulates much less readily.
Although the results of this research
are still fragmentary, the possibility of
future ‘‘petrochemical plantations’ is
becoming apparent.
PETER E. NIELSEN
HiroyuKkI NISHIMURA
JouN W. OTvos
MELVIN CALVIN
Laboratory of Chemical Biodynamics,
Lawrence Berkeley Laboratory,
University of California, Berkeley 94720
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Saccharin and Other Sweeteners: Mutagenic Properties

Abstract. Saccharin preparations commonly distributed as artificial sweeteners
exhibited mutagenic activity in bacterial tests. When administered orally to mice,
mutagenic activity was demonstrable in the urines of these animals as well as in a
host-mediated assay. Highly purified saccharin was not mutagenic in the direct as-
say, but the urines of mice to which this material had been administered exhibited
mutagenic effects on one tester strain (Salmonella typhimurium TA100). Two other
sweeteners, neohesperidin dihydrochalcone and xylitol, had no detectable mutagen-
ic activity in any of these assays using his~ Salmonella typhimurium strains TA100 or

TA98.

Although reports of 17 studies are
available, conclusive evidence is lacking
as to whether saccharin is mutagenic (/).
This problem was reinvestigated by
more sensitive methodologies (2) and
tester strains—his™ Salmonella typhimu-
rium TA100 and TA98—developed by
Ames et al. (3) for the detection of base-
pair substitutions and frameshift muta-
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tions, respectively. Several saccharin
preparations, as well as two other sweet-
eners, neohesperidin dihydrochalcone
(NHDC) (¢) and xylitol, were examined.

The following six saccharin prepara-
tions were tested: (i) a preparation, ob-
tained from a local pharmacy, which is
representative of the material distributed
to the consumer as a pharmaceutical

preparation (A); (i) a sample manufac-
tured by Sherwin-Williams Company
and supplied by a wholesale pharmaceu-
tical distributor (B); (iii) a sample, pro-
vided by Dr. D. Stoltz, from a lot (S-
1022) that was used in a recent carcino-
genic study (5) (C); (iv) a highly purified
sample of C, also donated by Stoltz (D);
(v) a powder containing 40 mg of saccha-
rin and 1 g of lactose-potassium tartrate
filler enclosed in a widely used and freely
available convenience package (Sweet
’N Low) (E); and (vi) a sample, provided
by Stoltz, from another lot (S-1233) used
in the above-mentioned carcinogenic
study (5) (F). Xylitol was supplied by
Sigma, and NHDC was a gift from Dr. R.
Horowitz.

Mutagenic activities were determined
directly, as well as in the host-mediated
assay, and in the urines after oral admin-
istration of the test substances, as in a
previous study concerned with antischis-
tosomal drugs (6). The direct assays of
the compounds were conducted at sever-
al concentrations, both in the absence
and presence of a rat liver microsomal
fraction (S,) (7). In the host-mediated as-
say, the bacterial tester strains were in-
cubated for 6 hours in the peritoneal cav-
ity of mice to which the test substance
had been administered by gastric in-
tubation (host-mediated assay) (2). The
second type of assay in vivo consisted in
the analysis of urines that had been col-
lected for a 24-hour period after the oral
administration to mice of the test com-
pound. The mutagenic activities of 0.1-
and 0.25-ml samples were assayed for
each urine without prior concentration.
All determinations were conducted in
duplicate, and all observed positive
mutagenic effects were dose-related.

After the oral administration of sac-
charin preparations A, B, and C, signifi-
cant mutagenic activities in the urines
were detectable with both Salmonella
strains TA100 and TA98 (Table 1). Ac-
tivities for TA98 were markedly en-
hanced after incubation of the urines
with B-glucuronidase. In the case of
TA100, unconjugated and conjugated
mutagens were inactivated by liver mi-
crosome (S,) preparations. By contrast,
the mutagenic effects of the urines on
TA98 were greater in the presence of Sy
(Table 1). Therefore, it would appear
that two different mutagenic substances
were present.

No mutagenic activity was found with
TA98 in the urines of mice treated with
the highly purified saccharin preparation
D. However, there was low, but signifi-
cant, mutagenic activity with the tester
strain TA100. In addition, these urines
contained a conjugated promutagen,
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which was activated by S, after 8-glucu-
ronidase treatment. Apparently the pres-
ence of this substance in the less purified
preparations was masked by the greater
mutagenic activity in these urines. Histi-
dine in the urines could not account for
the increased number of revertants, be-
cause, after the administration of saccha-
rin, the concentration of this amino acid
was unchanged (approximately 40 ug/
ml), as determined both by amino acid
analysis and by microbiologic assays
with S. typhimurium strain TA850 (8).
Furthermore, since counted colonies
grew on histidine-deficient plates, they
proved to be true revertants. The low
mutagenic activity of the purified prepa-
ration D may be due either to a residual
contaminant or to a metabolite of sac-
charin per se. The determined urinary
mutagenic activities represent minimal
values because incubation of saccharin
in urine for 24 hours at 4°C resulted in a
10 to 15 percent loss of mutagenic activi-
ty with TA100 and a somewhat lesser re-
duction for TA98 (9). This should be
taken into consideration, because the
mouse urines were collected over a 24-
hour period in a vessel surrounded with
ice.

In contrast to saccharin preparations,
urines of animals treated with the other
two sweeteners, xylitol and NHDC, ex-
hibited no mutagenic activity with
TA100 or TA98 under either of the two
test conditions (Table 1). Conversely,
saccharin preparations A, B, and C also
induced significant host-mediated muta-
genic activity; this was not the case with
purified saccharin (D).

In order to avoid interference by
growth inhibition, the maximal saccharin
concentration at which mutagenic activi-
ty of each sample assayed in vitro was
approximately 20 percent lower than the
concentration producing 10 percent
growth inhibition. The less purified sac-
charin preparations were more toxic to
the bacteria than the highly purified sac-
charin; also, addition of S, reduced
growth inhibitory effects of the less pure
preparations.

There was considerable variation in
the mutagenic activities in vitro of the
five saccharin preparations (Table 2).
However, only the highly purified prepa-
ration (sample D) failed to exhibit any
significant mutagenic activity. Two prep-
arations (A and B) were activated by S,,
while there was no activation with two
other preparations (C and E). Another
preparation (F) was activated by S, when
tested with one strain (TA100) but not
with another (TA98).

These qualitative and quantitative dif-
ferences in the mutagenic effects among
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respectively, were completely negative.
Thus, with these two compounds no
mutagenic activities were detectable, at
concentrations far exceeding levels at
which there were mutagenic effects with
those saccharin preparations (A, B, and
E) that are consumed by the public.
The weak, albeit significant, mutagen-
ic activities in vitro and in vivo of prepa-
ration C correlate with the weak carcino-
genic activity of the same preparation re-
ported recently (5). In contrast, NHDC
has been found to be devoid of both

a variety of saccharin preparations and
the absence of mutagenic activity in vitro
in the purified sample confirm the report
of Stoltz et al. (10) that commercial sac-
charin samples contain mutagenic impu-
rities. Significant mutagenic activity was
detected by both tester strains with as
little as 5 mg per plate or one-eighth of a
single packet of preparation E, while the
packet content in its entirety usually is
added to a single beverage-containing
cup. By contrast, 24 to 100 times higher
amounts per plate of NHDC or xylitol,

Table 1. In vivo mutagenic activities (MA) of orally administered (2.5 g/kg) saccharin prepara-
tions and two other sweeteners. The assay by Ames et al. (7) was used, except that biotin and L-
histidine were placed in the bottom (15 ml), rather than the top (2 ml) agar phase and that the
amounts of glucose (22 and 176 mg for TA100 and TA98 per plate, respectively) and of L-
histidine (100 ug per plate) were modified in order to maximize sensitivity. Furthermore, in the
top agar 0.9 percent NaCl was replaced by Vogel-Bonner medium (12). In this phase, the agar
concentration was 0.75 percent. Bacterial suspensions were grown in double-strength nutrient
broth (Difco) at 37°C for 14 hours with agitation in a Dubnoff metabolic shaker.

Revertants induced by urines excreted per

Compound mouse over 24 hours after treatment* Iﬁ‘;g?rs:é?;zzl
and ‘TA100 TA98 MA revertantst
preparation —B-Glucu- +B-Glucu- - B-Glucu- +B-Glucu- TA100  TA98
ronidase ronidase ronidase ronidase

Saccharin A 1840 1860 330% 1330% 207 69
Saccharin B§ 900 1430 240% 820% 177 25
Saccharin C 1250 1370 100% 260t 53 7|l
Saccharin D 350 6003 0 0 11| 0
Xylitol 0 0 0 0 0 0
NHDC 0 0 0 0 0 0

*If addition of a rat liver microsome fraction (S,) resulted in an increase in the number of revertants, the latter
figure is recorded. +Per 108 bacteria, in excess of controls; each figure represents the average of five mice.
Spontaneous revertants amounted to 58 = 10 and 22 + 2 for TA100 and TA98, respectively. 1S4 (Aroclor
induced) added. §The MA of this preparation did not differ significantly from those of a sample obtained
from Sigma (St. Louis, Mo.). |Not significant.

Table 2. In vitro mutagenic activities of saccharin preparations, NHDC, and xylitol; N.S., not
significant.

Amount Number of revertants in excess of controls
Substance (milli- TA100 TA98
grams
per plate) =S, +S, -S, +S,
2 17 39 N.S. 36
Saccharin A S 51 81 11 92
15 235 277
2 22 N.S.
. 5 54 29 10 26
Saccharin B* 10 % 2
15 147 100 29 62
2 13 N.S. N.S.
Saccharin C S 31 12 11 10
15 36 30
. 32 N.S. N.S. 0 N.S
Saccharin D 80 0 10 0 NS
2 22 17
Saccharin Et 5 50 32 38 22
15 67 44
10 10 47 18 N.S.
Saccharin F 20 45 103 38 12
30 155 17
40 0 0 0 0
NHDC 120 0 0 0 0
. 200 0 0 0 0
Xylitol 500 0 0 0 0

*See footnote (§) in Table 1. 1The mutagenic activity of this preparation was similar to that of the content
of another brand of convenience package (Twin Sugar).
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mutagenic and carcinogenic (/1) activity.
These data provide additional support
for the predictive value of mutagenic as-
says.

Additional toxicological tests con-
ducted with NHDC and xylitol would
provide evidence whether or not safer al-
ternatives to saccharin as sweeteners are
already available.

ROBERT P. BATZINGER
SuH-Yun L. Ou
ERNEST BUEDING
Departments of Pathobiology and
Pharmacology and Experimental
Therapeutics, Johns Hopkins Medical
Institutions, Baltimore, Maryland 21205
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Macronuclear Subunits of Tetrahymena thermophila

Are Functionally Haploid

Abstract. In Tetrahymena thermophila the major argument for the existence of
diploid subunits has been that some loci show a delay in the accumulation of stable
subclones during macronuclear assortment. This delay is based on the assumption
that throughout the life cycle there are 45 subunits. We find that for at least 50
fissions after conjugation there is sufficient DNA for 66 haploid subunits. These addi-
tional subunits early in the life cycle are sufficient to explain the observed accumula-
tion of stable subclones in all instances. This removes the need to invoke diploidy to
explain assortment, thus resolving the question of subunit ploidy in favor of hap-

loidy.

Although there is consensus that the
macronucleus of Tetrahymena thermo-
phila (1) consists of independent sub-
units, the genetic organization of these
subunits has been unclear. Equally per-
suasive arguments for their organization
as either haploid or diploid sets of micro-
nuclear genes, as well as arguments that
they are individual gene loci, have been
presented (2). Resolution of this problem
is of special importance not only because
of the current interest in the evolution of
the ciliate macronucleus (2), but also be-
cause Tetrahymena is increasingly used
in genetic studies (3). In this report we
present evidence that the argument for
diploidy is based on an illusion created
by the presence of 66 rather than 45 sub-
units early in the life cycle. We conclude
that macronuclear subunits behave as
haploid sets of genes throughout the life
cycle. .

The existence of subunits is inferred
largely from the phenomenon of macro-
nuclear assortment (2-6). With the ex-
ception of one locus (7), all hetero-
zygotes, regardless of dominance rela-
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tionships, are initially unstable for
phenotype (which in ciliates is controlled
by the macronucleus) and give rise to
stable subclones which irreversibly ex-
press only one allele. The available evi-
dence is best explained by a stochastic
model ¢, 8) in which, following their
replication, subunits are randomly dis-
tributed at each macronuclear division.
Thus, in an unstable heterozygote there
are two kinds of subunits, those ex-
pressing one gene and those expressing
its allele. With repeated random subunit
distribution stable subclones whose mac-
ronuclei consist of only one type of sub-
unit are eventually produced (9). This
model allows calculation of the number
of assorting units from the equilibrium
rate of assortment (/0). For all assorting
loci, the equilibrium rate of assortment is
experimentally the same (3) and implies
the presence of 45 subunits in a G; mac-
ronucleus. The observation that assort-
ment for all loci yields 45 subunits sug-
gests a single common mechanism.
Since macronuclear DNA behaves
with haploid reassociation kinetics (/7),

and since G, macronuclei have an aver-
age DNA content of 45C (12, 13), the
conclusion that there are indeed 45 hap-
loid subunits would appear straight-
forward. However, macronuclear assort-
ment also provides a powerful argument
in favor of diploidy (2, 3, 6, 13, I4). Spe-
cifically, for some loci the accumulation
of stable subclones is significantly slower
than expected if 45 subunits were to be-
gin the assortment process immediately
after conjugation. It has been argued (5,
15) that, since for these late-assorting loci
the products of both alleles can be de-
tected in all clones for 30 to 50 fissions
after conjugation, the delay must mean
that subunits are heterozygous and,
therefore, diploid. It was proposed that
either a genetic mechanism to delete an
allele or an epigenetic mechanism to re-
press permanently one allele had to exist
®).

Several attempts to reconcile the dip-
loidy implied by late assortment with the
concept of haploid subunits have been
made, but none has been successful (13,
16-18). The hypothesis that 23 diploid
subunits might in some way mimic the
assortment of 45 haploid subunits is in-
consistent with the random nature of as-
sortment (8, 19).

The resolution proposed here is based
on the results of cytofluorimetric mea-
surement of the DNA content of G, mac-
ronuclei of heterozygous cells (20, 21).
For the first 50 fissions after conjugation
the mean DNA content of G, macronu-
clei is 132C (Fig. 1). This is considerably
more than the 90C found in older cells
and is sufficient DNA for 66 haploid sub-
units in a G, macronucleus. The impor-
tance of these subunits is made clear in
Figs. 2 and 3. Figure 2 shows that when
the ratio of types of subunits is close to
1 : 1 at the initiation of assortment, the
accumulation of stable subclones (also in
a 1: 1 ratio) is initially slower than for
other ratios. For ratios that are close to
1:1, as are the ratios observed for
stable types for all late-assorting loci (3),
the accumulation of stable types is a di-
rect function of the number of subunits
(Fig. 3). For 66 subunits there is an addi-
tional delay of 10 to 15 fissions in the ac-
cumulation of stable subclones as com-
pared to the assortment of 45 subunits.

It is our contention that these addition-
al subunits early in the life cycle are suf-
ficient to account for the reported delay
in assortment. Figure 3 shows the report-
ed proportions of stable subclones for all
late-assorting loci for which naturally oc-
curring codominant alleles are available
(22). Despite the fact these proportions
represent small numbers of stable sub-
clones, the agreement with the assort-
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