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ABSTRACT

We describe a selection procedure which utilizes the vapor from an
unsaturated alcohol, 1-pentene-3-ol, for the detection and isolation of mutant
flies with little or no alcohol dehydrogenase activity. ADH-negative flies are
unaffected by exposure to the unsaturated alcohol, but ADH positives (wild-
types) die after short exposure. The technique can be used to select rare ADH-
negative individuals from large populations of wild-type flies.

WE are interested in investigating the genetic circuitry which controls the

expression of the enzyme alcohol dehydrogenase (ADH) in various tissues
of Drosophila melanogaster. Our approach has been to generate a very large num-
ber of mutations which affect alcohol dehydrogenase activity and then to try to
find control mutations among these.

However, getting great numbers of ADH mutants can be quite laborious for
three reasons. First, mutation frequencies at any one locus are low, even after
treatment with potent mutagens (e.g., Brizvk 1970). Typically, thousands of flies
must be examined before such mutants are detected. Second, each fly must be
individually homogenized and then assayed for ADH activity in order to detect
the mutant phenotype. GReLyr, Jacosson and Murery (1968) were able to by-
pass this second difficulty when they found a behavioral difference between
wild-type flies and those with greatly reduced ADH activity. Flies with low ADH
were unable to survive overnight on medium containing 159, ethanol. This
eliminated the necessity of doing numerous individual enzyme assays to detect
mutants. Notice, however, that any mutants discovered by the procedure of
GrELL et al. (1968) or by enzyme assay are killed in the course of the analysis.
This introduces a third difficulty. In order to recover the mutation, some arrange-
ment must be made prior to analysis so that either the progeny or the siblings of
the prospective mutant flies can be separated from nonmutant flies. In practice
this means that a separate vial must be established to house the progeny or
siblings of every tested fly in order to recover any rare mutations.

These three difficulties are avoided in the method described here. The method
utilizes an unsaturated secondary alcohol to selectively kill those flies which ex-
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Ficure 1.—Pentenol sensitivity as a function of dose. Flies were exposed for varying times
(minutes) to the vapors from a 5%, solution of pentenol. The ordinate represents the percentage
of flies which survived for more than 16 hr after treatment. ADH-negative flies have white eyes
(WEN). Daekwanryung (DAEK) is a wild-type strain which has high ADH activity.

hibit wild-type levels of ADH (ADH positives). Apparently, these flies oxidize
the alcohol into a poisonous ketone. Flies with little or no ADH activity (ADH
negatives) cannot carry out the oxidation, and consequently survive. A similar
procedure has been used by Meg~ET (1967) to select for mutants which affect
the ADH of yeast.

The selection procedure is carried out in a chemical hood. A solution contain-
ing 5 ml of 5% 1-pentene-3-ol (pentenol) is freshly prepared in a 25 ml sidearm
flask. Air is bubbled through this solution by a piston-type aquarium pump for
two minutes. The vapor resulting from forcing air through the pentenol solution
is then directed into a one-half pint milk bottle containing up to 500 flies. The
flies are kept from escaping by means of a rubber stopper fitted with two small
glass tubes, After exposure, the bottle is flushed with a stream of air for two min-
utes. The flies are then maintained on a tissue moistened with a solution of yeast
in water.
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RESULTS AND DISCUSSION

In Figure 1 the results of exposing wild-type ADH-positive flies (Daekwan-
ryung = DAEK) and white-eyed ADH-negative flies (WEN) to pentenol for
differing times in the same vial is shown. After about two minutes the ADH-
positive flies became hyperactive, and usually died within an hour after treat-
ment. The ADH-negative {flies did not appear to be significantly affected.

Several other strains were tested for their ability to survive the pentenol treat-
ment. In Table 1 their susceptibility to pentenol is correlated with the presence
or absence of ADH activity. In each case, all ADH positive flies were killed after
exposure to pentenol for six or more minutes. The ADH negative strains showed
better than 759, survival under the same conditions. ADH"? flies proved excep-
tional, but it is known (GreLL ef al. 1968), and we have confirmed, that these
flies show significant, although very low ADH activity.

ADH activity increases dramatically during the first few days after ecdysis
(UrsprUNG, Sorer and Burroucn 1970; Dunn, WiLsoN and Jacossonw 1969).
Therefore, we thought there might be a relationship between the sensitivity of
flies to pentenol and their age. Accordingly ADH-negative and positive strains of
increasing age were treated with pentenol for one and one-half minutes. This
dose was chosen because it killed about one half of the flies of an unselected wild-
type population (Figure 1). As shown in Figure 2, ADH-positive individuals
were relatively resistant to the effects of low doses of pentenol at one and two
days post-ecdysis. However, they became increasingly pentenol sensitive, so that
at four days and beyond (we have carried out the experiments for up to 8 days)

TABLE 1

Pentenol sensitivity and ADH activity

Stock ADH activity Killed by pentenol
Daekwanryung (DAEK) yes yes
Chieti-v yes yes
Oreboro yes yes
Pacific yes yes
Jaslow o.c. yes yes
Bisignano yves yes
Woodbury yes yes
Yangdong yes yes
Canton-s yes yes
w; Adhnt (WEN) no no
w yes yes
mal yes yes
b,en,vg yes yes
Adhn? no no
Adhns no no
Adhn4 no no
Adhns very low yes
DAEK @ X WEN & progeny yes yes

DAEK 4 X WEN @ progeny yes yes
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Ficure 2.—Pentenol sensitivity as a function of age. Flies of the Daekwanryung strain were
allowed to age for the times indicated in the abscissa. They were then exposed to pentenol for
1.5 min. The ordinate represents the percentage of flies which were alive 16-18 hr after treatment.

over 759, of the flies died under these conditions. Their behavior correlates well
with the change in activity of ADH with age; activity increasing to a maximum
in about four days at 25° (Du~N et al. 1969). ADH-negative flies were appar-
ently unaffected by the treatment at all ages.

A simple interpretation of the data presented so far is that pentenol is oxidized
in the presence of active ADH into some highly toxic substance(s) (probably
1-pentene-3-one). If so, pentenol should be a good substrate for fly ADH. In order
to show this, crude homogenates of Drosophila adults were electrophoresed in
agar and ADH activity was localized histochemically using ethanol and pentenol
as substrates. Under these conditions ADH can be unequivocally demonstrated
due to its characteristic banding pattern (Ursprunc and LeonNe 1965). These
experiments showed that pentenol was indeed utilized as a substrate by fly ADH;
the banding pattern was the same whether ethanol or pentenol was used as sub-
strate. No additional bands were observed with pentenol nor were any bands seen
in extracts from ADH negative flies (ADH?"+),

In addition, cuvette assays for fly ADH confirmed that pentenol, like other
secondary alcohols, was an excellent substrate for the enzyme. In fact when crude
extracts from the Daekwaryung strain were used as a source of enzyme, the ini-
tial rates of ADH activity with 0.1 M pentenol as substrate were found to be
nearly 6 times that with 0.1 m ethanol.

‘We have used this selection procedure in a pilot study to detect and isolate new
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ADH-negative mutants after ethyl methanesulfonate mutagenesis. For this pro-
gram, we aged prospective mutant flies for four days or more and then exposed
them to the pentenol vapor for three minutes. Of 100,000 aged flies treated with
pentenol, 14 survived. Twelve of these were ADH negative. Their characteristics
will be discussed in a future publication. Only two flies proved to be “false nega-
tives.” One was homogenized and was shown to have ADH activity. In addition,
its progeny were ADH positive and pentenol sensitive. The other had only ADH-
positive, pentenol-sensitive progeny. It was not assayed for ADH activity.

In summary, we have developed a method whereby flies which have normal
levels of ADH are killed in the presence of pentenol and flies which lack enzyme
activity survive. This method may allow isolation of a large number of mutants
which may help in understanding the regulation of ADH activity in Drosophila.

We are most grateful to Dr. E. Grerw for providing us with the Adh-negative stocks.
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