sophila to 67 in Locusta. Base ex-
changes occurred in an additional eight
positions resulting in an overall homol-
ogy of 87%.

Similar evolutionary processes can be
deduced from the tRNAJ¢y sequence.
The Locusta gene of 70 nucleotides is
3 bp longer due to two base insertions
in the TPC and a third in the V loop.
An additional seven base exchanges re-
sult in an overall homology of §6%.
The tRNAJEy sequence reveals an AA
mismatch at the beginning of the anti-
codon stem (see arrow). An AA mis-
match in the same position is reported
for a tRNA Val gene in Newrospora
[11]. Examples for mismatches in the
TWC stem are a TT mismatch in the
tRNAPRS, gene of Tetrahymena [1] and
in a tRNA Val gene from A. albopictus
[5].

A copy of the tIRNAZEE, gene indicated
in Fig. 1A is found within a cloned
DNA fragment of nuclear DNA ho-
mologous to mitochondrial genes [6,
12, 13] and is thus part of a *“ promiscu-
ous, DNA” sequence.

We thank K. Weiler for typing the
manuscript. This work was supported
by a grant from the Deutsche For-
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With the exception of numerous oxy-
gen-containing sex pheromones of
moths, few hydrocarbons have been
identified, most of which seem to be
derived from straight-chain polyenic
acids. Until now, only two branched
hydrocarbons are known as sex phero-
mones of moths: 2-methylheptadecane,
reported from several Arctiid species
[1] and (S)-14-methyl-1-octadecene,
found in the peach leafminer, Lyonetia
clerkella L. [2]. From females of the
mountain-ash bentwing, Leucoptera
scitella (Zeller) (Lepidoptera: Lyoneti-
dae), we have now identified 5,9-di-
methylheptadecane, the first dimethyl-
branched sex pheromone of moth spe-
cies.

L. scitella occurs as a rather polypha-
gous pest in orchards all over the tem-
perate regions of Europe and in some
parts of Asia [3]. Due to favorable cli-
matic changes it has become over-
whelmingly important in Hungary dur-
ing the past years, where it caused up
to 50% loss of foliage in many com-
mercial apple orchards on the plains
[4]. The beginning of the flight period
of this leafminer may shift from year
to year for several weeks [5]. The use
of synthetic pheromones in a monitor-
ing system based on trap catches would
be of enormous importance in the con-
trol of this pest. The objective of the
present study was the identification
and synthesis of behavior-mediating
volatile compounds from the female-
producd sex pheromone of L. sci-
tella.

The insects used in our investigations
emerged from overwintering pupae
which had been collected in an apple
orchard at Halasztelek, Pest County,
Hungary. The moths were sexed imme-
diately after emergence, and the sexes
were held in separate chambers. For
collection of the female sex pheromone
1-3-day-old females were used. Biolog-
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ically active extracts were obtained by
washing the abdominal tips of calling
females in hexane. Volatiles released by
calling females were trapped in a modi-
fied closed-loop stripping system [6];
on three different carbon filters a total
amount of 600 female night equivalents
(FE) were collected within three peri-
ods. The filters were extracted with
small amounts of carbon disulfide, and
the combined extracts were concen-
trated to 10 ul. Gas chromatographic
analyses with electroantennographic
detection (GC-EAD) using the male
L. scitella antenna [7] were carried out
on high-resolution GC columns (30 m,
SE 30 and SP 2340) indicating the
presence of an active non-polar compo-
nent with a retention time very close
to octadecane. For GC-MS analysis
(Varian 311 A instrument, EI, 70 eV)
ca. 50 FE were injected on a 50 m Cp
Sil 8 CB fused silica capillary column
which was kept at 60 °C for 3 min, then
programmed to 250 °C at 3 °C min~ .
Upon comparison with known mass
spectra, small amounts of isopropyl te-
tradecanoate, octadecyl acetate, and
the characteristic row of unbranched,
uneven-numbered hydrocarbons C,o—
C,, typical for many insects, were eas-
ily identified. The main component in
the head space extract showed a mass
spectrum of a branched C,4-hydrocar-
bon; its retention time coincided with
the EAD peak. Characteristic frag-
ments in the spectrum [8] pointed to
5,9-dimethylheptadecane. A mixture of
all possible four isomers was synthe-
sized by Kolbe electrolysis: 2 g of ra-
cemic 3-methylheptanoic acid and 3 g
of racemic 4-methyldodecanoic acid
were dissolved in 50 ml methanol, neu-
tralized with trimethylamine and sub-
mitted to electrolysis for 2 h at room
temperature. Pt electrodes were used at
a current density of 0.3 A cm ™ 2. Usual
work-up yielded 30% of the desired
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Table 1. Captures of male L. scitella by dif-
ferent amounts of 5,9-dimethylheptadecane
(Halasztelek, Pest County, Hungary, Au-
gust 12-21, 1985)

Dosage [ug] 1 2 3 Total?
1000 147 86 98 331a
100 23 3 21 75ab
10 0 5 26 33bc
1 0 1 9 10c
unbaited 5 0 0 5c

* Captures with same letter are not signifi-
cantly different at P=5% by Duncan’s
NMRT after log(x+1) transformation of
data

product (bp! 83 °C) which was further
purified by preparative GLC on SE 30.
The method described here provides an
excellent tool for the synthesis of
chiral-branched hydrocarbons starting
from optically active branched carbox-
ylic acids.

The diastereomers of 5,9-dimethylhep-
tadecane could not be separated by
GC; however, retention time and mass
spectrum matched the data of the natu-
ral product. Results of field tests with
the synthetic product are compiled in
Table 1. The data clearly substantiate
the high biological activity of 5,9-di-
methylheptadecane. The syntheses of
all possible four optically pure isomers
of 5,9-dimethylheptadecane and results
concerning their biological activity will
be published separately.

The new pheromone 5,9-dimethylhep-
tadecane belongs to a widespread type
of compounds showing an odd number
of methylene interruptions between
two methyl branchings. High-boiling
hydrocarbons with this pattern have
been identified from the cuticular lipids
of flies, ants, beetles, cockroaches, and
locusts [9]. Similar compounds like
15,19,23-trimethylheptatriacontane are
known as sex pheromones of tse-tse
flies, Glossina spp [10]. In contrast to
the common unbranched pheromones
which originate from the acetate pool,
the methyl-branched compounds men-
tioned above indicate mixed biosyn-
theses from propionate (methylmalo-
nate) and acetate units. “Insertion” of
two subsequent propionate units into
a chain would yield 1,3-dimethyl
branchings, while propionate-acetate-
propionate leads to 1,5-dimethyl
branchings (see 5,9-dimethylheptade-
cane) — an additional acetate unit will
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separate the methyl groups to 1,7-di-
methyl branching etc. Homomevalon-
ate may also be involved in the biogen-
eses of some of the compounds.
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Cytostatic-Drug-Resistant Human Leukemia Cells
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Preparations of Viscum album L. (Eu-
ropean mistletoe) have been used
against a variety of diseases, such as
arthrosis, rheumatism, hypertension
[2], and also in the treatment of human
cancer [2]. In our laboratory we have
investigated the effectiveness of a mist-
letoe preparation, trade name HELI-
XOR®, on in vitro cell cultures of sev-
eral tumor cell lines [3, 4, 8], especially
the human leukemia cell line Molt 4

[3, 4] which was derived from a
19-year-old male patient with acute
lymphoblastic leukemia of T-cell type
[5]. Acute lymphoblastic leukemia
(ALL), a cancerous transformation of
lymphocyte stem cells in the bone mar-
row, is one of the main cancerous dis-
eases of children and young adults. By
means of chemotherapy with cytostatic
drugs together with radiotherapy,
modern medicine is today able to ob-

Table 1. In vitro sensitivity and resistance against cytarabine and methotrexate of the human
leukemia cell line Molt 4 and of three drug-resistant sublines, indicated as LDj4-values
and resistance factors. The LDs, is the drug concentration, in which the cell cultures
contain half as many living cells as the untreated (control) cultures after 72 h treatment
with the individual drugs. The resistance factors are calculated by comparing the LDs,
of the original Molt 4 cells and of the drug-resistant sublines. This table shows also the
sensitivity of all four cell lines against the mistletoe preparation HELIXOR M. The LDs4-
values of HELIXOR M indicate that the drug-resistant sublines show a retaining or even

an increasing sensitivity against HELIXOR M

Cell line Cytarabine Methotrexate  Resistance HELIXOR M
[ng/ml] [ug/ml] factor [ug/ml]

Molt 4 0.002 0.015 - 82.2

M4-MTX"-1 - 72.6 4,840 47.9

M4-MTX"-2 - 16.6 1,107 36.8

M4-Ara-C'-1 4.6 - 2,300 80.9
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