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The presence of a DDT-detoxifying enzyme (DDT-dehydrochlorinase)
was recently assessed by Sternburg, Kearns & Moorefield b through direct
measurement of DDE production by its spectrophotometric absorption.
In following up this research, the present author first determined the
dehydrochlorinase activity of homogenates and acetone powders obtained
from a DDT-resistant and a Dilan-resistant strain of houseffies, and then
attempted to demonstrate dehydrochlorinase activity in similar preparations
taken from the larvae of two DDT-resistant strains of Aedes mosquitos.
Although the production of DDE by living larvae of these strains could be
demonstrated, enzyme preparations made from them showed no DDE
production under the conditions of test. The experience obtained in this
short-term series of studies is reported in the following pages for the benefit
of others who may be investigating the nature of DDT-resistance in mos-
quitos.

Methods

Homogenates were prepared by suspending 1.25 g of material (75 adult
flies or 250-400 larvae) in 25 ml of ice-cold water and homogenizing in a
Waring blender for one minute. The suspension was centrifuged at 1000
r.p.m. for two minutes, and the supernatant was filtered through gauze.

Acetone powders were made by homogenizing the insect material for
one minute in 10 parts of acetone at -5° C. After rapid filtering through
No. 1 Whatman paper, it was washed with 10 parts of ether, and then dried
in a vacuum desiccator. The material dries in the form of a cake which
can later be cut up and pulverized. In the preparation of an enzyme sus-
pension, 1 g of the dry powder was suspended in 15 ml of water, lightly
centrifuged, and filtered through gauze.

Digests were prepared by adding 2 ml of the suspension, obtained from
homogenates or acetone powders, to 0.5 ml of 0.137M phosphate buffer
(at pH 7.4) in Warburg side-arm flasks; 0.5 ml of 0.018M glutathione in

a When this research was undertaken, the author held the post of Special Consultant, Communicable
Disease Center, Public Health Service, US Department of Health, Education and Welfare, Atlanta, Ga.

b Sternburg, J., Kearns, C. W. & Moorefield, H. (1954) J. agr. Food Chem., 2, 1125
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phosphate buffer was placed in the side-arm. Each flask contained 200 ,ug
of DDT, added in one of two ways: either (a) absorbed on 25 mg of tiny
glass beads (50-60 , in diameter) by evaporating its acetone solution in an
air-stream, or (b) dissolved in 15 mm3 of ethanol and introduced by micro-
pipette. The digests were run for three hours at 370 C under nitrogen, the
reaction being commenced by tipping in the glutathione from the side-arm,
and stopped by adding 3 ml of concentrated H2SO4.

The products were extracted in 15 ml of cyclohexane, and were assayed
in the Beckman DU spectrophotometer with the U-V attachment. The
amount ofDDE was read at a slit-width of 0.9 and a wavelength of 260 mp,
and that of DDE plus DDT was read at a slit-width of 1.4 and a wavelength
of 241 m,. Under these conditions, the absorbances produced by DDE at
a concentration of 10 ,g/ml were 0.550 at 241 mp, and 0.510 at 260 mM,
and those ofDDT were 0.450 at 241 m,u and 0.001 at 260 m,. Results were
calculated on the assumption of a two-component system.c

When a homogenate or acetone powder suspension was tested, four
sample digests were employed: two served as experimental digests and
two as controls. In one of these controls, the substrate DDT was lacking,
and in the other the glutathione was withheld until the end of the reaction
period.

Mosquito larvae were also assessed for DDE production in vivo. They
were exposed to DDT for 24 hours in pans containing 1 litre of tap-water.
The contents of the pans were filtered through cheese-cloth to remove the
larvae, which were then washed with distilled water, dried on filter-paper,
and ground in a mortar with sea-sand and sodium sulfate. The preparation
was extracted with carbon tetrachloride and passed through filter-paper.
The Schechter-Haller assessments were made after purification in a Davidow
celite column.

Notes on methods

The following observations, based on experience, are offered as a
supplement to the original excellent description of the method.

For optimum results, glutathione solutions should be freshly prepared,
since after two weeks they may no longer activate the enzyme. In the absence
of the enzyme, glutathione solution will not induce conversion of DDT
into DDE.

Concentrated H2SO4 is necessary to aid partition of DDT and DDE
into cyclohexane; if the digests are stopped by other means, the partition
is only 40% of that obtained with H2SO4.

Complete extraction with cyclohexane requires vigorous shaking. When
the Warburg flasks have centre-wells, thus prohibiting extraction in the

c Perry, A. S. & Hoskins, W. M. (1951) J. econ. Ent., 44, 850
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flasks themselves, the contents, followed by three 5-ml lots of cyclohexane,
should be poured into 100-ml round-bottomed flasks. Smaller containers
and horizontal shaking often gave stable emulsions, which were never
produced when the larger 100-ml flasks and vertical shaking were employed.
Shaking for 30-60 minutes gave an average recovery of 76 %-80 %; shaking
for 2 hours, one of 86 %-87 %; while 2 hours' shaking followed by 1 minute's
vigorous shaking by hand produced a recovery of 96%-100%.

Very great care is necessary to avoid impurities that produce U-V absorp-
tion. Residues of stopcock grease on the necks of the Warburg flasks can
give absorbances of approximately 0.030 at both wavelengths. The introduc-
tion of DDT in 15 mm3 of ethanol added 0.030 absorbance at 260 mit. By
pouring the cyclohexane extract into intermediate containers instead of
directly into the cuvettes, it is possible to induce discrepancies between
duplicates of approximately 0.030 absorbance at both wavelengths. The
biological material in housefly homogenates and powders adds approxi-
mately 0.090 absorbance at 260 m,u, and 0.180 at 241 m, (homogenates only).
With mosquito homogenates and powders, tyrosinase so darkens the sus-
pensions that approximately 0.250 absorbance is added at 260 mu; this
was reduced to less than 0.040 by pre-treating the suspension water with
N2 gas, and by preparing the digests as quickly as possible.

The variation between the readings of the two experimental flasks was
moderate. At 241 mit, where the average absorbance was 0.664, the average
discrepancy between duplicates was 0.055. At 260 m,u, where the average
of the various absorbances obtained was 0.210, the average discrepancy
between duplicates was 0.036.

Results

Musca domestica

Two strains were investigated: (a) DDT-45, bred at Savannah by sub-
mitting the NAIDM strain to DDT pressure for six years, and (b) Dilan,
produced at Savannah by Dilan pressure on the NAIDM strain for two
years, and never submitted to DDT. Both strains showed an MLD in
excess of 50 ,ug per fly when DDT was topically applied. The weights of
three-day-old adults (both sexes) of these strains were as follows: DDT-45,
62 flies/g; Dilan, 60 flies/g. Approximately 2.2 g of acetone powder were
obtained from every 10 g of flies.

The following data show the micrograms of DDE produced by 2 ml
of enzyme suspension from 200 ,ug of DDT (added in ethanol for homo-
genates, and on glass beads for acetone powders); these figures represent
the average of the two experimental digests, corrected by the controls, run
for three hours.
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Powaer
Homogenates Old Fresh

DDT-45 strain:
DDE recovered 74 43 49
Percentage recovery 76 82 77
DDE produced 98 52 64

Dilan strain:
DDE recovered 76 32 23
Percentage recovery 76 82 77
DDE produced 100 39 30

It will be seen that the production of DDE by the homogenates is
considerable, indicating the validity of the methods employed. The 2 ml
of enzyme suspension is equivalent to 6 flies, as in the method originally
reported, in which a yield of 51-60 ,ug of DDE was obtained when material
from the DDT-45 strain was incubated for 2-4 hours.

With the acetone powders, where 2 ml of enzyme preparation is equi-
valent to 37 flies, the DDE production is less. The powder designated
as " old " had been prepared two weeks earlier, without the special
precaution of adding the ether before the acetone had completely passed
the filter; it therefore needed to be resuspended and rehomogenized and
was dark red in colour. It was shown to produce no less DDE than a
fresh powder, made with all the necessary precautions and pale pink
in colour.

It is interesting to note that the Dilan strain, never exposed to DDT,
showed a dehydrochlorinase activity approaching that of the DDT strain.
The duplicate digests of the Dilan strain showed notably greater discre-
pancies than those of the DDT strain. When the value for DDE obtained
by the U-V method was checked by the Schechter-Haller method, one
of the duplicate samples for Dilan strain, fresh powder, showed 30 ,tg,
as compared with 24 ,g for U-V.

Aedes taeniorhynchus and A. sollicitans
Fourth-stage larvae of these salt-marsh mosquitos, consisting of

A. taeniorhynchus admixed with A. sollicitans, were obtained from (a)
the Oatland Island marshes, Savannah, Georgia, where DDT had never
been used, and (b) Cocoa Beach, Florida, where DDT-resistance was
reported in 1951 and where lindane, dieldrin, and heptachlor have sub-
sequently been liberally applied. The weight of the larvae was 200/g.

The MLD for the Savannah strain, determined by exposing fourth-
stage larvae in pans (20 larvae per litre) for 24 hours, was 0.003 p.p.m.
DDT; that for the Cocoa Beach strain was 0.04 p.p.m. DDT. This latter
result is comparable with the results obtained with A. taeniorhynchus
in 1950,d where the mortality after a 48-hour exposure to 0.01 p.p.m.
was 16 % for Cocoa Beach larvae and 85 % for larvae from untreated areas.

d King, W. V. (1950) J. econ. Ent., 43, 527
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The 140 larvae of the Cocoa Beach strain used in the toxicity test were
found to contain 73.3 ,ug of DDT and 15.9 jug of DDE, the DDE/DDT
ratio thus being 17.8%. An equivalent number of Savannah-strain larvae
exposed to 0.005 p.p.m. for 24 hours was found to carry 5.6 ,ug of DDT
and 2.4 ,tg of DDE; as the value for DDE was obtained by subtracting
the (very small) absorbance of untreated larvae from that of treated larvae,
it is of questionable significance.

When the enzyme suspensions of these mosquitos were tested, the
glutathione control could not be used, since considerable tyrosinase
darkening developed during incubation. Instead, recourse was had to
the control without substrate, where the absorbance was very low; the
figures obtained by subtraction show the following DDE production,
in micrograms:

Cocoa Beach Savannah

Powder, fresh 5 9
Powder, old - 6
Homogenate, beads 4
Homogenate, ethanol 3 3

The samples for the fresh powder were assayed also by the Schechter-
Haller method; the figures for DDE were 5.5 pkg and 2.5 jug respectively,
which cannot be taken as significant. The entire set of figures obtained
by the U-V absorption method does not indicate a significant production
of DDE by enzyme suspensions of these mosquitos.

Aiedes aegypti

Fourth-stage larvae were obtained from stocks of the following strains
held by the United States Public Health Service Communicable Disease
Center: (a) CD strain, obtained from Camp Detrick, Maryland, having
normal susceptibility; (b) Trinidad strain, a resistant population recently
discovered in the villages of El Soroco and Aranguez.e The MLD for
the CD strain was 0.004 p.p.m. and for the Trinidad strain, 2.0 p.p.m.;
this latter figure is comparable to the MLD of 9 p.p.m. when DDT emulsion
was used as the means of test.

When larvae of the CD strain were exposed to 0.003 p.p.m. for
24 hours, they were found to contain two ,ug of DDT and 1.3 ,ug of DDE
per 200 larvae (as corrected by a similar amount of unexposed larvae).
When the resistant Trinidad strain was exposed to 1 p.p.m. for 24 hours
in three 1-litre pans, the 150 larvae employed were found to carry 1553 ,ug
of DDT and 149.3 p,g of DDE. This uptake of DDT, which was retained
with the larvae although they were repeatedly washed with distilled water,

e Gillette, H. P. S. (1954) In: Government of Trinidad, Health Department, Malaria Division, Annual
report, Port of Spain, pp. 58-62
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represents slightly over one-half of the 3 mg of DDT applied in the
three pans.

When homogenates of these larvae were incubated with 200 ,ug of
DDT, the following values for DDE production were obtained by sub-
tracting the absorbance at 260 mp, of the controls without substrate from
the experiment digests:

Trinidad CD

DDT on glass beads 0 7
DDT in ethanol
enzyme concentrations 1.25 g/25 ml 0 0
enzyme concentrations 1.78 g/25 ml 0
enzyme concentrations 1.60 g/15 ml 0 0

It may be seen that no DDE was produced by these homogenates. When
the enzyme concentration of 1.25 g/25 ml, (the level used with houseflies)
was increased by 2.7 times to a level of 1.6 g/15 ml, the DDE production
was also negative.

The 2 ml of homogenate at the highest concentration is equivalent
to 63 larvae (the weight of the larvae being 280/g), and produced no DDE
in vitro. Yet 150 larvae in vivo produced 149 zkg of DDE, roughly 1 ,ug
per larva in 24 hours. The rate of DDE production in these resistant
A. aegypti larvae is comparable to that of the DDT-45 strain of houseflies;
since one fly will produce 1.47 ,ug of DDE 8 hours after topical application
of DDT,f the conversion rate is 4.5 jug per 24 hours for an adult fly
weighing 4.5 times as much as a mosquito larva.

It is therefore clear that, whereas the DDT-resistant Trinidad strain
of A. aegypti can produce DDE in vivo at rates comparable to those
observed in DDT-resistant houseflies, their homogenates cannot effect the
conversion in vitro under conditions which are suitable for housefly
homogenates. This would suggest that the conditions (pH, activator, etc.)
required by the dehydrochlorinase enzyme of resistant mosquitos must be
different from those required by this enzyme in resistant houseflies.

* *
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f Perry, A. S., Fay, R. W. & Buckner, A. J. (1953) J. econ. Ent., 46, 972


