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Although its mutagenicity has not been confirmed in mouse germ cells, urethane (ethyl carbamate) gas
induces a significant increase of X-linked recessive lethal mutations in the germ cells of Drosophila
melanogaster. The muotation frequency increased as the exposure time was changed from 3.5 to 5.5 h,
Mutations were also induced by X-rays (20 to 40 Gy) and N-methyl-N-nitrosourea (MNU) (0.06 to
0.10%). However, no significant increase of chromosomal changes (partial loss of the Y chromosome,
total loss of X or Y, and translocations) was produced by urethane, although these were readily
induced by X-rays. There were large and significant increases in chromosomal changes caused by
X-rays (20 Gy) compared to urethane (5.5 h) or MNU (0.06%). In contrast, there were no substantial
differences among these three treatments as regards recessive lethal mutations. Urethane-induced
DNA lesions detected as recessive lethals appear to be intragenic mutations. Complementation
analysis with 15 reference single-site loci (cistrons) in the zeste-white region of the X chromosome
revealed that 29 of 723 urethane-induced recessive lethals were located in the zeste-white region and
all were restricted to a single locus. However, among 28 of 890 X-ray-induced lethals, 2 were
non-complementary to 2 or 3 adjacent loci, indicating deletions encompassing 2 or 3 loci. In addition,
3 of these lethal chromosomes included mutations ontside the zeste-whifte region. Another difference
between urethane and X-rays was in the distribution of mutation sites. Urethane-induced mutations
were strikingly non-random with two hot spots at zw-I and zw-2, whereas the distribution of X-
ray-induced mutations was more nearly random.
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Until 1976, urethane (ethyl carbamate) had long been
used as a sedative, hypnotic, anesthetic, and solvent in
more than 200 commonly used drugs for humans. It has
been used widely in pesticides and cosmetics.'"™ It is also
contained in fermented beverages and foods*® and has
proved to be useful in formulating everyday products
under many patents.” However, potent carcinogenic and
teratogenic effects of urethane have been reported in
various experimental animals,"® and vinyl carbamate is
suspected to be a proximate form to produce genotoxic-
ity.”' PFurthermore, a significant increase in somatic
mutations was produced in mice by increasing doses of
urethane,'® and preconceptional treatment with urethane
resulted in a significant increase of tumors and anomalies
in the offspring,'* ' although germ cell mutations were
not detected in mice by the dominant lethal'*™'" and 7
specific loci methods.' In Drosophila melanogaster, how-
ever, recessive lethal mutations were induced in germ
cells by oral administration of urethane.'> %%

Urethane is volatile, and sublimed pure urethane mol-
ecules are highly mutagenic in the germ cells of Drosoph-
ila melanogaster® and also induce high incidences of
cancer,?”) malformations and chromoscme aberrations™

3 To whom correspondence should be addressed.

in mice. In the present study, we have confirmed the
mutagenicity of sublimed urethane gas in Drosophila
germ cells. To determine the nature of the mutations, we
conducted a complementation analysis of recessive lethal
mutations in the zeste-whife region of the X chromosome
and compared them with those induced by X-rays.

MATERIALS AND M:BTHODS

Examination of chromosomal changes and specific locus
and recessive lethal mutations One gram of powdered
urethane (ethyl carbamate, CAS No. 51-79-6, Wako
Pure Chemical Ind. Ltd., Osaka) wrapped in cotton was
covered with cheesecloth and pressed to the bottom of a
22 mm vial. Fifty male flies of the Oster strain, y* w' ct® f/
sc® ¥ B°, were placed in the vial, which was tightly
stoppered with a wad of cotton. Although the flies were
quickly anesthetized by spontaneously sublimed urethane
gas, they continued to take up the gas.” In contrast, flies
fed urethane-containing medium were quickly anesthe-
tized and did not eat further. Males were exposed to
urethane gas for 3.5 or 5.5 h in the vial at 22°C. Concur-
rent controls were treated similarly without urethane, At
24 h after urethane or X-ray treatment, 50 treated males
were mass-mated with 25 virgin females of the constitu-
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tion p sc*' In49 sc¥; dp bw; st p® in a half-pint bottle
containing cornmeal-molasses medium. After 48 h,
treated males were discarded and the inseminated fe-
males were transferred to a fresh half-pint bottle. Conse-
quently, the spermatozoa stage was treated. After 48 h,
females were again transferred to a fresh bottle and
discarded after 48 h. After emergence, F, males were
examined genetically for partial loss of the Y chromo-
some and complete loss of the X or Y chromosome.™
The F, males and females were also examined for specific
locus mutations at the dp locus. F; males were placed
individually in vials with 2 or 3 y sc*! In49 sc®; dp bw; st p*
virgin females to detect T (2; 3), T (Y;2) and T (¥; 3)
translocations in the F, progeny.® For the detection of
X-linked recessive lethal mutations, F, virgin females
were collected and mated individually in vials with 2—3
Muller-5 males of the constitution In (1)} sc® sc® w* B.
X-linked recessive lethal mutations were detected by the

Muller-5 technique and confirmed at and after the F,
generation.> 20

As positive controls, Oster males were fed on Kleenex
tissue saturated with 0.06 or 0.1% MNU (¥-methyl
N-nitrosourea; Sigma, St. Louis, MO) in 1% sucrose
solution in 0.1 M sodium phosphate buffer (pH 5.8) for
24 h or exposed to 20 or 40 Gy of X-rays at a dose rate
of 1.26 Gy/min. For X-irradiation, a Toshiba Model
KC-18-2A (Toshiba Medical Co., Ltd., Tokyo) was
used, operating at 20 mA and 180 kVp with a filter of 1
mm of aluminum at a distance of 45.0 cm. Doses were
measured by a Condenser R-meter Model 570 (Victoreen
Instr. Div., Cleveland, OH). For descriptions of stocks
and mutants, see Lindsley and Grell.>
Complementation analysis Experimental procedures for
complementation analysis of urethane- and X-ray-in-
duced recessive lethal mutations are given in Fig. 1,229
Oster males (described above) were treated with ure-

[P] FMe 1692/t2-14a X y2wictOt/scBey-Bs
[ F]] FMG6 169a/y2wict6f* , It2-14a/y2wict6f*

(y2 B/B* female) {(wild type female)

FMG 1699y 2wictbp+ X Df (1) wEI/BS why+ey
[F>] FM6 19%9Df (1) wiIl ,  Df (1) wTly2wietbrs ,  y2wictOps/BSwty*tey
(y2 B/Bt female) (y2 wi female) (BS ctOf male)
[indicator of zw lethals] {carrier]
Letha_l stqclfs FMé I69a/y2wict6f A ) 4 ) wiJl /BSW+y+°Y
(self maintaining} ( y2 B/B female)

[carrier of zw lethals]

v

[Complementation] FM6 1992 Iyzwicth Zw X yzwictﬁf lrefl/Bsw+y+ pref2 oy

analysis

y2wletOf [2W/y2ylcthy refl |
(y2wl 10 f female)
[Indicator of Irefl

Fig. 1.

FM6 19927y 2yictOy jrefl |
(y2 B/B* female)

+

yzwictﬁf lz“’stw"‘y"' prefy
(BS ctSf male)
[Indicator of lrefZ]

Mating scheme to identify urethane- or X-ray-induced recessive lethal mutations in the zeste-white region. *, Treated

X chromosome, kk, Df 202/DfL126, Df 7 and Df 304 were used for prescreening before the use of reference single-site lethal
stocks. " indicates urethane- or X-ray-induced recessive lethal mutation in the zeste-white region, and /™' indicates reference

single-site lethal stock in the zeste-white region.
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Table I. Tester Stocks for the Complementation Analysis in the zeste-white Region of the X

Chromosome

Abbreviation Genotype
69a/tko/L26 (gt) FM6 1 (1)% /3 wictS f1(1)%/B wry™ [ {1)8.¥
69a/zw-8/L34 (zw-1) FMG6 I (1) wetf f1{1)™8/B wry*t [ (1)™.Y
69a/zw-10/L61 (zw-4) FM6 I (1)%/y? w' ct® f£1(1)™10/8 why™t [ (1)™Y
69a/zw-2/L38 (zw-13) FMG6 1 (1)%/ whet f1 (148 why™ [ (1)™3.Y
69a/zw-6/L79 (zw-3) FM6 1 (1)95/y% wi et £1 (1)™5/B why* [ (1)
69a/zw-7/L4 (zw-12) FM6 1 (1) wietf £1¢1)™7/B wryt ] (1)™12Y"
69a/zw-5/L1 (zw-11) FM6 1 (1) wiet f1 (1) /B why™ [ (1)™1.Y
69a/zw-9/L1 (zw-11) FMG6 1 (1)%%/y* wiet® £1 (1)™5/B wty™ | (1)™1.¥
69a/Df 202/Df-L126 FM6 I (1)%/y w' et fFDf (1) 202/B° w'yt Df (1) L126.Y
69a/Df 7/Bw'y"-Y EM6 1 (1)%/y? wiet fDf (1) 7/B° why™.¥
69a/Df 304/Bw y™ Y FEM6 1 (1)%/y? w' ct® fDF (1} 304/8° w7yt ¥
692/Df (1w /BwiyT.Y FM6 1 (1)%/v? w™ spl ec su® Df (1} w'/B° wiy*.¥
69a/f% 1 ry T Y .malt EMG6 1 (1)%/] (1)2%/y* ¥ omal*t

T | | § (1) WrJl AR BN AP NN SRR NI NN N AN AR NN UNENA NI ARSI AN AR AR

gt | tko| z |zw-1 zw-8|zw-4|zw-10|ZW-13| Zw-2

zw-3 | zw=6 [zw-12 zw-7|zw-5|zw-11| zw-9| w

DIL126

Df 304

Df7

Df 202

Fig. 2. The extent of deletions in the zeste-white regions. Dotted lines indicate the deleted regions.

thane gas for 5.5 h or with 20 Gy of X-rays, and 24 h
after treatment males were mated for 48 h with virgin
females heterozygous for FM6, [ (1} 69a and ! (1) 12-14a.
After the mating period, the males were discarded and
the females were placed in fresh bottles for an additional
48 h for egg laying. Because of the presence of [ (1) 69a
in the FM6 chromosome and [ (1) t2-14a in the other X
chromosome, no male progeny is expected from the
mating, Consequently, y* B/B" females [FM6 1 (1) 69a/
¥ wi ct® f] are automatically virgin and these females
were mated individually with 2-3 Df (I} w’ /B wt y*.Y
males to detect recessive lethal mutations in the F prog-
eny. An F, vial without y* w females [Df (1) w”'/ y* w' ct®
F1 was assumed to represent a stock with a recessive
lethal mutation in the zeste-white region. Each of the
recessive lethal mutations in the zeste-white region was
maintained by mating FM6 I (1) 69a/y* w' ct® f ¥ females
to 2 w' et f P*/B° wt »T.¥ males, where I'* denotes

urethane- or X-ray-induced recessive lethal mutation in
the zeste-white region. This mating scheme is seif-main-
taining and at thé same time provides a means of check-
ing the lethality of a particular mutant allele. Recessive
lethal mutant stocks obtained previously with the use of
different strains (FM7, Muller-5, Oregon R}>* and for
this study were also mated with Df (1) w”//B w™y™*.Y
and subjected to complementation analysis.

Virgin females FM6 [ (1) 69a/y* w' ct® f I were
prescreened with triethylene melamine-induced recessive
lethal strains Df (1) L126, Df (1) 304, Df (1) 7 and Df (1)
202, which are deficient in a part of the zeste-white region
(Table I and Fig. 2), to define subregions where ure-
thane- or X-ray-induced mutations are located. After
that, these recessive lethal mutants were mated with
genetically known single-site recessive lethal stocks at the
15 loci (cistrons): gt, tko, zw-1, zw-8, zw-4, zw-10, zw-13,
zw-2, zw-3, zw-6, zw-12, zw-7, zw-5, zw-11 and zw-9""** 1o
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Table II.

Induction of Total Loss of the X or Y Chromosome, Partial Loss of Y, Specific Locus

Mutation, X-linked Recessive Lethal Mutation, and Translocation by Urethane Gas and X-rays in

Drosophila melanogaster (%)

Loss Partial Specific Recessive Y; IL, Y; II0,
Treatment of loss Jocues mutations lethal and II; ITT
XorY of Y= at dp locus mutations translocations
Control 0/1605 1/1605 0/3232 1/1424 0/460
(0.00) {0.06) (0.00) (0.07) (0.00)
Urethane gas 0/934 0/934 0/2030 22/7119 0/462
(3.5 h) (0.00) (0.00) (0.00) (3.09) (0.00)
Urethane gas 5/2935 (1N® 172935 (3)¥ 1/6141 58/12039 1/502
(5.5 h) 0.17) (0.03) (0.02) (4.82) (0.20)
MNU 1/849 (2)¥ 0/849 0/1188 9/144° 0/329
(0.06%) (0.12) (0.00} (0.00) (6.25) (0.00)
MNU 5/2112 () 11721129 0/4662 (2)» 70/761° 0/688
(0.19%) (0.24) (0.52) {0.00) (9.20) (0.00)
X-rays 16/1629< 10/16299 472961 38/748° 37/646
(20 Gy) (0.98) (0.61) (0.14) (5.08) (5.73)
X-rays 8/7329 14/732 (1)%9 4/1609% 24/204° 89/661%
(40 Gy) (1.09) (1.91) (0.25) (11.8) (13.5)
a) Loss of y* and B*, which are terminal markers on the long and short arms of Y chromosome,
respectively.
b) Mosaic.

¢ d) x* test with Yates’ correction yielded P values of 0.001 (¢) and 0.05 (d) when compared (o the

control group.

determine the nature of the urethane- and X-ray-induced
mutations. All mutant strains for complementation anal-
ysis were provided by Dr. J. K. Lim,

RESULTS

Genetic effects of urethane Sublimed urethane gas in-
duced a significant number of recessive lethal mutations,
and the incidence increased with increasing time of ure-
thane gas inhalation (P<(0.001) (Table II). The inci-
dence of urethane gas-induced recessive lethal mutations
in the present study did not differ substantially from
previous results with Oregon R males and FM 7 fe-
males.” X-rays and the potent carcinogen MNU also
induced a very high incidence of recessive lethal muta-
tions (P<0.001). The incidences increased with higher
dose and concentration. However, chromosomal changes
(partial loss of the Y chromosome, total loss of X or Y,
and translocations) and specific locus mutations were not
significantly induced by 3.5 h inhalation of urethane gas
or by the lower concentration (0.06%) of MNU., Longer
inhalation of urethane gas (5.5 h) and higher concen-
tration of MNU (0.19%) induced more chromosomal
changes, but the frequencies were not significantly higher
than those of the controls, except for the toial incidence
of chromosomal changes (partial loss of ¥ and total loss
of X or Y) by 0.1% MNU (16/2112, 0.76%, P<0.01),
while much higher incidences of these defects were in-
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duced by X-rays (P<<0.001). There were large and sig-
nificant differences between the incidence of these two
chromosomal changes from 20 Gy of X-rays and those
from 5.5 h inhalation of urethane gas and 0.069% MINU
treatment (P<0.001 vs. urcthane and P<0.002 vs.
MNU), although there were no substantial differences in
the incidence of recessive lethal mutations from the
X-ray (20 Gy), urethane (5.5 h), and MNU (0.06%)
treatments. Much higher differences were observed in the
incidence of translocations between X-ray exposure and
urethane gas and MNU treatments {(P<0.001). Specific
locus mutaticns at the dp locus were rarely induced by
urcthane and MNU. The incidence was also low with
X-rays, but was significantly increased by 40 Gy of X-
rays. Such differences in chromosomal changes (break,
aneuploidy, and translocation) between urethane and X-
rays had also been suggested by our previous studies with
different strains of Drosophila melanogaster.>®

Complementation maps of urethane- and X-ray-induced
mutations Among 723 urethane- and 890 X-ray-induced
recessive lethal mutations of X chromosomes, 29 and 28
respectively were located in the Df(I) w*' region and
were mapped in the zeste-white region. As shown in Fig,
3, all of 29 urethane-induced mutations in the zeste-white
region were restricted to a single locus, i.e., single-site
mutations. However, 2 of 28 X-ray-induced mutations
were non-complementary to 2 and 3 adjacent loci, gf—zw-
I and zw-4—2w-10, indicating deletions encompassing 2
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Urethane

| gt | tho | w-1 | w-8 | w4 |zw-10]zw-13| zw-2| zw-3| w-6 |zw-12 lzw-7 | w-5 |zw-11| w=9 i

X-rays

_ Fig. 3.

]

A

Complementation maps of urethane- and X-ray-induced recessive lethal mutations in the zeste-white region. %, Multiple

mutations which carried other mutations outside the zeste-white region.

and 3 loci, and 3 recessive lethal mutants at zw-2, zw-6
and zw-10 loci carried other mutations cutside the zeste-
white region of the X chromosome. The distribution of
urethane-induced mutations was non-random; there were
2 sharp hot spots at the zw-1 and zw-2 loci. The results are
compatible with those in the cases of ethyl methane-
sulfonate?” and methyl methanesulfonate.®® In contrast,
the distribution of X-ray-induced mutations was more
nearly random than that of urethane-induced mutations,
although mutations were more often seen at zw-3, zw-]
and zw-2 loci, and also at zw-3, zw-7 and zw-I10 loci.
However, no mutations were induced at zw-13 by either
urethane or X-rays in the present study.

DISCUSSION

In Drosophila melanogaster, Oster'” reported that
feeding of standard Drosophila medium containing 2.5 M
urethane {LDs, dose) induced chromosomal changes and
recessive lethal mutations. In our study,” however, one
twenty-fifth the concentration (0.1 M) of urethane on
tissue paper was the maximum non-anesthetizing dose
and induced 3 times as many recessive lethal mutations,
but a lower incidence (1/4) of chromosomal changes. In
the process of preparing urethane-containing Drosophila
medium, urethane may have been sublimed and/or de-
composed to other forms by heating and reacting with

other components of the medium in the previous study.'”
Vogt™ injected urethane solution into adult Drosophila
males and obtained significant yields of X-linked reces-
sive lethal mutations. The incidence was only 5.5 times
that in untreated controls. Furthermore, an extensive
study by Fahmy and Fahmy*” showed only very weak
mutagenicity by the same Muiler-5 technique. In con-
trasi, the high volatility of urethane” permitted treating
Drosophila more effectively without any interruption of
feeding by sleeping, because flies, although anesthetized,
nevertheless take up urethane gas by breathing. Further-
more, they take up sublimed pure urethane molecules,
not residual carbamates.” Even by inhalation of urethane
gas, no significant increase of dominant lethals (data not
shown) and chromosomal changes was observed in Dro-
sophila germ cells in the present study, though all of these
defects are easily induced by X-rays or y-rays. Similar
results had been reported in the mouse germ cells with
X.rays and urethane.'™*) Although urethane gas induced
chromosomal aberrations in mouse bone marrow cells
and embryos, most were chromatid types.”” Some muta-
gens that did not induce translocations in Drosophila by
the usual method have turned out to induce transloca-
tions when treated sperm were stored in females,*» 323
but no increased incidence of translocations was ob-
served even if the treated sperm were stored for more
than 10 days.? However, the spontaneous rate of trans-
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locations in Drosophila is so low that even 1 or 2 trans-
locations may represent a slight increase,'™* % Failure
of the induction of translocations by urethane may be the
major cause of the lack of dominant lethals in Drosophila
and mice,”'"3Y and urethane-induced DNA lesions re-
sponsible for the induction of recessive lethal mutations
in Drosophila and also tumors in mouse offspring' '*3"
may not necessarily be large chromosomal changes, but
rather may be point or intragenic mutations. In fact,
complementation analysis revealed that all of the ure-
thane-induced mutations were located within a single
locus, suggesting base substitutions or deletion of some
bases, while X-rays produced some larger deletions and
multiple mutations. Although urethane can induce so-
matic crossing-over (recombination) between fIr and
mwh in Drosophila larvae heterozygous at these two wing
loci,* recombination hardly occurs in Drosephila male
germ cells, particularly in the recessive lethal mutations
detected by the Muller-5 technique.?® Several reports
have also described K-ras mutation, mostly AT-to-GC
transition and AT-to-TA transversion at the second base
of codon 61, in urethane-induced tumors.***"

The remaining discrepancy is the negative result for
induction of specific locus mutations in the mouse germ
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