inhibition of E. coli DNA (1) despite
the fact that the E. coli chromosome is
about 20 times longer than the T4
DNA molecule. Whether the similarity
is the accidental result of two different
mechanisms or is due to.similarity be-
tween the molecular structure of the
replicating phage DNA and the bac-
terial chromosome, as the synthesis of
DNA molecules with a higher molecu-
lar weight of the mature phages, re-
mains undecided.
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Al.Tetrahydrocannabinol: Structure of a Major Metabolite

Abstract. Al-Tetrahydrocannabinol, the major psychotomimetically active com-
pound of Cannabis, was metabolized in vitro by the 10,000g supernatant from
rabbit liver. By mass and nuclear magnetic resonance spectrometry, the major
metabolite was identified as 7-hydroxy-Al-tetrahydrocannabinol. The latter com-
pound of Cannabis, was metabolized in vitro by the 10,000g supernatant from

Al-Tetrahydrocannabinol (Al-THC;
1) is the major psychotomimetically
active cannabinoid of Cannabis. Re-
cently we described the rapid metabo-
lism of A-THC in the rabbit (1) and
found that at least three major metab-
olites are excreted in the urine. Using
an in vitro technique we have now iso-
lated and identified 7-hydroxy-Al-THC
(2) as a major metabolite of 1.

CH;
M cH,on g
on @ oH on O
O metabollsm TSA Q
in vitro
o o o
1 2 3

We used the in vitro . system de-
scribed by Tagg et al. (2) with some
modifications. Four female rabbits
given prior treatment with sodium
phenobarbital were killed. The livers
were homogenized with an equal vol-
ume of 1.15 percent KCl solution, and
the homogenates were centrifuged for
10 minutes at 10,000g. The superna-
tant (500 ml) was incubated for 1
hour with A-[CJTHC (3) (120 mg;
188 pc/mmole), nicotinamide (772
mg), nicotinamide-adenine dinucleotide
phosphate (42 mg), glucose-6-phos-
phate (2864 mg), MgCl, ¢ 6H,O
(1640 mg), and 0.06M phosphate buf-
fer (200 ml, pH 7.0).

Extraction of the incubation mix-
tures with light petroleum removed
most of the unchanged A-THC. The
remaining radioactive material was ex-
tracted into diethylether. Thin-layer
chromatography () of these extracts
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showed that 40 percent of the added
AL-THC had been converted to more
polar compounds. In a control experi-
ment with boiled supernatant Al-[14C]-
THC was recovered unchanged.

The radioactive ether extract was
chromatographed on a Florosil column
(1.5 by 100 cm) and eluted first with
mixtures of diethylether and light
petroleum of increasing polarity and
finally with pure ether. The remaining
AL-THC was found in the ether : light
petroleum (1:5) fraction, and the
metabolite was obtained from the pure
ether fraction. Thin-layer chromatog-
raphy (4) of the ether fraction showed
a phenolic compound with an Ry of
0.5 containing 95 percent of the total
radioactivity on the plate. This metab-
olite was further purified by prepara-
tive thin-layer chromatography (4) to
yield 20 mg of a semicrystalline sub-
stance, which according to the specific
activity was over 95 percent pure.

The nuclear magnetic resonance
(NMR) spectrum (5) of the metabo-
lite 2 was largely in agreement with
that of AL-THC with the following dif-
ferences. The signal at § =1.69 from
the methyl group in position 1 of Al-
THC (6) was absent, and instead a two-
proton signal at 8 =4.02 (—CH,O0H)
was recorded. Three one-proton sig-
nals of § =6.70, 6.25, and 6.11 repre-
sented one vinylic and two aromatic
protons.

The mass spectrum (7) showed a
molecular ion at m/e (mass to charge)
330 (35 percent; A-THC -+ 16) and

. W. C. Schneider, Methods Enzymol. 3, 680

prominent peaks at m/e 315 (6 per-
cent;— CHg), m/e 312 (16 percent;
—H,0), m/e 300 (24 percent;
— CH,0), and m/e 299 (100 percent;
—CH30). These data together with
the information from the NMR spec-
trum indicated a hydroxylation only on

"the vinylic methyl group in position 1

of A-THC and no change in the aro-
matic moiety. This was further con-
firmed by the infrared (increased hy-
droxyl absorption) and ultraviolet spec-
tra (maximum absorbance at 279 nm
in ethanol) which were almost identical
to the corresponding spectra of Al-
THC. These spectral data are consistent
with the formulation of the metabolite
as 7-hydroxy-Al-THC (2).

Burstein et al. (8) reported the iso-
lation in vivo and structure of a metab-
olite of the isomer Al(6).-THC in the
rabbit. The metabolite was either S5-
hydroxy, or more likely, 7-hydroxy-
A1(®).THC. In the latter case, the bio-
chemical oxidation of AL-THC and
A1(6).-THC would be similar. Also this
metabolite was dehydrated to can-
nabinol (3) with the use of p-toluene-
sulfonic acid (TSA) in refluxing ben-
zene. With their procedure (8) we
converted the in vitro metabolite 2 to
the same compound 3; the product was
confirmed by thin-layer () and gas-
liquid chromatography (5 percent XE-
60; 5 percent SE-30 on Gas Chrom
P).

Al-Tetrahydrocannabinol seems to be
excreted in completely metabolized
form (I, 8, 9). The demonstration of
7-hydroxy-Al-THC (2) as the first
structurally known metabolite of Al-
THC (1) and the chemical conversion
of the metabolite to the previously
known cannabinol (3) could form the
basis for an identification of Cannabis
smokers. Experiments in mice have
shown the metabolite to be pharma-
cologically strongly active.
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Aedes aegypti: Origin of a “New” Chromosome

from a Double Translocation Heterozygote

Abstract. An apparent enhancement of crossing-over occurs in the region com-
mon to two translocated chromosomes derived from two different reciprocal trans-
locations in the yellow-fever mosquito, Aedes aegypti. A “new” chromosome con-
taining parts of all three linkage groups is created through crossing-over. In a rever-
sible process, two haploid translocated sets in the double translocation heterozygote
produce a new, normal chromosome set and vice versa in alternating generations.

Genetic control mechanisms for in-
sect pests are currently being developed
for a number of important species. To
date, the most successful genetic mecha-
nism has utilized the production of dom-
inant lethal mutations by gamma radia-
tion in males of the screw worm fly (7).
Although sterilized males effectively re-
duce population size in the generation
after their release, they do not convey
sterility to members of the next genera-
tion; thus, continued reintroductions are
necessary to maintain control.

The use of the semisterility inherent
in some chromosomal aberration sys-
tems provides one means for introducing
this inherited sterility into natural popu-
lations. The use of a reciprocal translo-
cation system for insect control was
originally postulated by Serebrovskii in
1940 (2). More recently Curtis (3) has
indicated the potential effectiveness of
translocation systems in insect control
programs. In addition to the inherited
semisterility, the translocation systems
are usually associated with an essentially
unaffected genotype and phenotype and
may not therefore affect the competitive
ability of released insects. Such reduced
competitive ability often becomes a lim-
iting factor in mutagen-induced domi-
nant lethality. As a result, over the past
few years several investigators have
been interested in the use of chromo-
somal aberrations for the control of in-
sect pests (4). Wagoner et al. (5) and
Laven (6) have reported inducing sev-
eral translocations in the house fly,
Musca domestica, and the mosquito,
Culex pipiens, respectively.

In our laboratory, we have been in-
terested in inducing reciprocal transloca-
tions in the yellow-fever mosquito,
Aedes aegypti (2n = 6) and evaluating
the same for population control pur-
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poses. We have recently completed ge-
netic analysis on two sex-linked trans-
locations. One, RT(1:2) involves link-
age groups one and two (7), with the
original break points 0.3 crossover unit

from the gene for sex (M) on group one
and 1.6 crossover units from the wild
type allele of spot abdomen (s+) on
group two. The other translocation,
RT(1:3) involves linkage groups one
and three, with the original break points
1.0 crossover unit from the wild type
allele of red eye color (ret) on group
one and 0.5 crossover unit from the wild
type allele of black tarsus (blt+) on
group three (8). It may be mentioned
that sex in this species is determined by
a single pair of alleles, M and m; the
genotype Mm producing maleness and

~mm femaleness (9).

In an effort to determine the effec-
tiveness of individuals carrying more
than one translocation in reducing popu-
lation sizes, a program was undertaken
to produce individuals that would be
heterozygous for both RT(1:2) and RT
(1:3). Cytological analysis of these indi-
viduals would also provide information
enabling the assignment of linkage
groups to the individual chromosomes.
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Fig. 1. Derivation of a “new” chromosome from a double translocation heterozygote.
The three linkage groups (1-1, 2-3, 3-3) are drawn to scale; the approximate location
of the genetic markers used and the original radiation-induced breaks I and II producing
RT(1:2) and RT(1: 3), respectively, are indicated (top portion of the figure).
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