
cisternally administered L[H]norepi- 
nephrine into a superficially situated 
intraneuronal pool of newly synthesized 
norepinephrine (17) and its subsequent 
rapid release from this compartment 
into the extraneuronal space. Thus, the 
techniques of the present study may 
provide a means for studying, "in vivo, 
the kinetics and metabolism of the 
labile pool of newly synthesized nor- 
epinephrine in the brain under various 
physiological and pharmacological con- 
ditions. 
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Activity of an NADPH-Dependent Nitroreductase in Houseflies 

Abstract. A nitroreductase, reducing parathion to aminoparathion, was found in 
the soluble fraction that was obtained from abdomens of female houseflies. The 
reaction required reduced nicotinamide adenine dinucleotide phosphate (NADPH), 
but was not afjected by the piresence or absence of oxygen. Further degradation 
of aminoparathion into water-soluble compounds occurred in NADPH-fortified 
incubation mixtures over prolonged incubation periods. The effect of sesamex or 
SKF 525-A on these reactions is described. 

Activity of an NADPH-Dependent Nitroreductase in Houseflies 

Abstract. A nitroreductase, reducing parathion to aminoparathion, was found in 
the soluble fraction that was obtained from abdomens of female houseflies. The 
reaction required reduced nicotinamide adenine dinucleotide phosphate (NADPH), 
but was not afjected by the piresence or absence of oxygen. Further degradation 
of aminoparathion into water-soluble compounds occurred in NADPH-fortified 
incubation mixtures over prolonged incubation periods. The effect of sesamex or 
SKF 525-A on these reactions is described. 

Oxidative enzymes in houseflies, 
Musca domestica L., were reported to 
"metabolize a wide variety of insecti- 
cide chemicals when the enzyme prep- 
arations were fortified with reduced 
nicotinamide ,adenine dinucleotide 
phosphate (NADPH)" (1). Consid- 
erable strain differences existed in the 
activity of these enzymes in vitro. Na- 
katsugawa and Dahm demonstrated 
that "rat liver microsomes degraded 
parathion by splitting at the aryl phos- 
phate bond," that the system was spe- 
cific for parathion, and that it did not 
degrade paraoxon (2). With the use of 
microsomes from houseflies and from 
rat and rabbit livers, it was also shown 
that parathion and other "P = S com- 
pounds were metabolized via two oxi- 
dative pathways, activation to P = 0 
analogs and cleavage at the aryl 
phosphate bond," reactions that re- 
quired oxygen and NADPH (3). A 
reductive degradation of parathion to 
aminoparathion has been demonstrat- 
ed, after yeast had been added to para- 
thion-treated soils or water (4) and 
also with two species of bacteria (5). 

Degradation in vitro of parathion to 
aminoparathion, which is due to the 
presence of a nitroreductase in house- 
flies, is described here. Enzyme prep- 
arations were obtained from a DDT 
susceptible strain (CSMA-1948) of 
houseflies, a strain resistant to DDT 
and naphthalene vapors (P2/sel), and 
another one resistant to DDT only 
(F58-W). The CSMA strain was used 
in all tests, while the other two were 
occasionally used for comparison. Fe- 
male houseflies were frozen with Dry 
Ice, and the abdomens were removed 
and homogenized in grinding medium 
at 0? to 4?C at a ratio of ten abdomens 
per milliliter. The medium consisted 
of 0.15M phosphate buffer, pH 7.4, 
and 0.25M sucrose. Various cell frac- 
tions were obtained by differential cen- 
trifugation as described (6), except 
that the soluble fraction was obtained 
at 150,000g for 60 minutes. Pellets 
were resuspended in 5 to 7 ml of 
grinding medium. Reaction mixtures 
were kept in open, 10-ml Erlenmeyer 
flasks and consisted of 1 to 3 ml of the 
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various cell fractions to which NAD- 
PH at 1.3 X 10-4M and 0.22 jAc of 
14C-ring-labeled ethylparathion (100 
ytg) in 10 jul of ethanol were added. 
These mixtures were incubated for 60 
minutes in a water bath of a gyratory 
shaker at 30?C and 120 rev/min. In 
some tests, shorter or longer incuba- 
tion periods were employed. After 
that, the reaction was terminated by 
adding 3 ml of acetone, followed by 
extraction with 3 X 10 ml of a 2: 1 
mixture of hexane and acetone and 
separation into a hexane and water- 
acetone phase as described (6). 

Portions of the hexane phase were 
analyzed by gas-liquid chromatog- 
raphy (GLC) with a Packard model 
7834 gas chromatograph, the condi- 
tions being as follows: two different 
column packings (5 percent Dow 11 
on 60-80 chromosorb W and 5 per- 
cent QF-1 on 80-90 Anakrom AS) at 
175? and 190?C, respectively, helium 
as the carrier gas, and a hydrogen 
flame detector coated with potassium 
chloride, thus rendering the detector 
especially sensitive to phosphorus (7). 
Labeled metabolites in the hexane frac- 
tion were resolved by thin-layer chro- 
matography (TLC) on silica gel, 
with hexane-chloroform-methanol (7: 
2: 1) as developing solvents. The me- 
tabolites were then detected by radio- 
autography. In addition, color reactions 
were utilized by spraying the thin-layer 
plates successively with the reagents of 
the Averell-Norris method (4, 8), ex- 
cept that the reduction step was elimi- 
nated. In this way, the presence of 
previously reduced compounds was in- 
dicated by a positive color test. Addi- 
tional spraying of the plates with a 
palladium chloride solution followed 
by spraying with 5N NaOH resulted 
in spots of different colors for para- 
thion, paraoxon, aminoparathion, p- 
nitrophenol, and p-aminophenol. To 
determine the radiocarbon content of 
isolated compounds, silica-gel areas 
which had the same Rp value as refer- 
ence grade chemicals were scraped 
from the plates into scintillation vials 
containing 12 ml of dioxane scintilla- 
tion solvent and 4 percent Cab-0-sil 
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Fig. 1. Reduction of parathion to amino- 
parathion. 

thixotropic gel powder. Radioactivity 
was determined with a Packard liquid 
scintillation spectrometer, model 3320. 
In other tests, isolated silica gel areas 
were extracted with acetone and ana- 
lyzed by GLC as described. For addi- 
tional verification of the presence of 
metabolites, compounds were isolated 
by GLC and subjected to mass spec- 
trometry. The radiocarbon content in 
the water-acetone phase was in some 
tests determined by liquid scintillation 
counting (LSC). 

Results obtained from these enzyme 
assays indicated that aminoparathion 
had been formed from parathion (Fig. 
1). Analyses by GLC of the hexane 
fractions from the extraction of incu- 
bation mixtures resulted in peaks with 
retention times identical to amino- 
parathion. In addition, analyses of the 
hexane fraction by TLC and autoradio- 
graphy resulted in a spot with the 
same Rp value as reference grade 
aminoparathion. Extraction of this area 
and analyses by GLC with two differ- 
ent columns yielded peaks with the 
same retention times as that of amino- 
parathion. Verification of the identity 
of this compound by mass spectrom- 
etry was accomplished after its isola- 
tion by TLC and GLC. The amino- 
parathion area, as detected by radio- 

autography, also gave a positive color 
reaction with the Averell-Norris re- 
agents, although the reduction step, had 
been omitted. This then indicated the 
presence of an amino compound. Addi- 
tional spraying with palladium chloride 
and sodium hydroxide yielded the 
same color as did reference grade 
aminoparathion. 

Evidence of enzyme activity was 
demonstrated by heating the enzyme 
source for 10 minutes in boiling water, 
thus achieving a protein denaturation. 
Even with several analytical methods, 
no aminoparathion could be detected 
in these reaction mixtures, while with 
nonheated cell fractions aminoparathion 
was produced. In the absence of fly 
material, no aminoparathion could be 
detected. 

Localization of the enzyme activity 
in subcellular fractions was determined 
by assaying each fraction as described, 
with the exception of the 1200g pel- 
let of "nuclei and debris." Based on 
LSC of "aminoparathion areas" that 
had been isolated by TLC, the super- 
natant of the 10,000g centrifugation 
was most active. The 10,000g "mito- 
chondria" pellet did not reveal any 
nitroreductase activity. Further cen- 
trifugation at 150,000g for 60 min- 
utes yielded the "microsome" pellet. 
This fraction, tested in four different 
experiments, did not indicate nitro- 
reductase activity. However, utilization 
of the 150,000g supernatant as the 
enzyme source, resulted in the forma- 
tion of aminoparathion. Liquid scintil- 
lation counting of the "aminoparathion 
areas" obtained in the "microsome" 
fraction (3 ml out of 7 ml suspended 
pellet) after TLC and radioautography 
resulted in 650- ?120 disintegrations 
per minute (dpm), but was 7720 ? 160 
dpm when the soluble fraction had 
served as the enzyme source (3 ml out 
of 24 ml soluble fraction). The "amino- 
parathion area" obtained by the same 
thin layer procedure with 0.22 jlc of 
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Fig. 2. Radioactivity in the "aminopara- 
thion area" isolated by thin-layer chroma- 
tography of hexane phases or in the total 
water phases, obtained after extraction of 
duplicate housefly incubation mixtures 
(10,000g supernatant) that had been 
treated with 0.22 uc of ['4C]parathion. 

[14C]parathion reference standard 
yielded 624 dpm (Table 1). 

The dependency of the reductase ac- 
tivity on NADPH was demonstrated 
in assays that were conducted with and 
without this coenzyme. Using the 10,- 
000g supernatant as the enzyme source 
(P2/sel strain) and later analyses by 
GLC of the hexane fraction, we showed 
that the amount of aminoparathion 
produced within 1 hour from 100 [kg 
of parathion in the presence of NADPH 
was 7.9 ? 1.4 [kg and only 2.75 /xg in 
its absence. In another test (CSMA 
strain), these figures were 12.1 ? 0.3 
/Lg and 7.2 ? 0.3 tg, respectively. 
LSC of "aminoparathion areas," iso- 
lated by TLC and autoradiography, 
showed similar differences. 

Enzyme assays with and without 
NADPH were also conducted for peri- 
ods of 15, 30, 60, 120, and 180 min- 
utes (Fig. 2). In the absence of 

Table 1. Distribution of radioactivity in hexane fractions of extracts from duplicate, housefly (CSMA) incubation mixtures (10,000g 
supernatant of abdominal homogenate in phosphate buffer plus NADPH) after treatment with [1"C]parathion (0.22 uc) and incubation 
at 30?C; dpm, disintegrations per minute. 

Standard Radioactivity after incubation for: 

reLC 
0.22 /c 14C 15 minutes 30 minutes 60 minutes 120 minutes 180 minutes 

dpm %Tt dpm %T dpm %T dpm %T dpm %T dpm %T 

I 500,498 98.9 407,894 98.1 382,299 97.1 409,873 96.8 405,612 99.0 414,220 98.9 
II 3,618 0.7 2,141 0.5 2,256 0.6 2,107 0.5 1,647 0.4 1,784 0.4 
III 624 0.1 4,400 1.1 7,480 1.9 9,396 2.2 1,024 0.2 1,108 0.3 
IV 1,224 0.3 1,385 0.3 1,703 0.4 2,214 0.5 1,593 0.4 1,605 0.4 

Total 505,964 100 415,82.0 100 393,738 100 423,590 100 409,876 100 418,717 100 
* Solvent system: hexane, C , methanol (7 : 2 : 1). Designated areas had RF values identical with parathion (area I); paraoxon (area II); amino- 
parathion (area III), and p-nitrophenol, p-aminophenol (area IV). t Radioactivity in percent of total recovered. 
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NADPH (- NADPH) the amount of 
aminoparathion, determined by LSC 
of TLC isolates of "aminoparathion 
areas," increased up to 30 minutes, 
and remained the same thereafter. In 
experiments with NADPH-fortified in- 
cubation mixtures (Table 1 and 
+NADPH in Fig. 2) addition of the 
cofactor resulted in a marked increase 
in aminoparathion formation, which 
reached its peak after 60 minutes of 
incubation. At that time, three times 
more aminoparathion had been pro- 
duced with NADPH as compared to 
those assays, to which no coenzyme 
had been added. After the first 60 min- 
utes of incubation, the amount of 
aminoparathion recovered from the 
hexane fraction dropped sharply, while 
the radioactivity in the total water- 
acetone fraction increased constantly 
(Fig. 2). Although the radioactivity in 
this fraction was not only due to the 
degradation of aminoparathion, there 
was indication that the aminoparathion 
had been metabolized into water-soluble 
products. The water fraction-obtained 
from the 120- and 1 80-minute assays- 
were combined and reextracted with 
chloroform. This removed over 50 per- 
cent of the radioactivity from the water. 
The extracted radiocarbon content in 
the chloroform was then resolved by 
TLC and autoradiography. LSC of 
isolated areas indicated that only 7 per- 
cent of the totally recovered radioactiv- 
ity was located in the area that corre- 
sponded to aminoplarathion, but 23 and 
22 percent were located in those areas 
that corresponded to p-nitrophenol and 
p-aminophenol, respectively. Of the 
totally recovered radioactivity, 40 per- 
cent was located in the parathion area, 
and 8 percent in the paraoxon area. 

In separate tests NADPH-fortified 
incubation mixtures were extracted 
after different incubation times. Anal- 
yses by GLC of the hexane fraction 
showed the presence of 1.35 ,ug of 
aminoparathion per incubation mixture 
after 15 minutes of incubation, 5.75 
bsg after 30 minutes, 7.1 j/g after 60 
minutes, 5.6 [kg after 120 minutes, and 
0.9 /ug after 180 minutes. 

Since oxygen is required for the 
functioning of oxidative enzymes, the 
activity of the nitroreductase should 
not be dependent on the presence of 
oxygen. To prove this point, triplicate 
assays were conducted with and with- 
out atmospheric oxygen (or a very 
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those assays, to which no coenzyme 
had been added. After the first 60 min- 
utes of incubation, the amount of 
aminoparathion recovered from the 
hexane fraction dropped sharply, while 
the radioactivity in the total water- 
acetone fraction increased constantly 
(Fig. 2). Although the radioactivity in 
this fraction was not only due to the 
degradation of aminoparathion, there 
was indication that the aminoparathion 
had been metabolized into water-soluble 
products. The water fraction-obtained 
from the 120- and 1 80-minute assays- 
were combined and reextracted with 
chloroform. This removed over 50 per- 
cent of the radioactivity from the water. 
The extracted radiocarbon content in 
the chloroform was then resolved by 
TLC and autoradiography. LSC of 
isolated areas indicated that only 7 per- 
cent of the totally recovered radioactiv- 
ity was located in the area that corre- 
sponded to aminoplarathion, but 23 and 
22 percent were located in those areas 
that corresponded to p-nitrophenol and 
p-aminophenol, respectively. Of the 
totally recovered radioactivity, 40 per- 
cent was located in the parathion area, 
and 8 percent in the paraoxon area. 

In separate tests NADPH-fortified 
incubation mixtures were extracted 
after different incubation times. Anal- 
yses by GLC of the hexane fraction 
showed the presence of 1.35 ,ug of 
aminoparathion per incubation mixture 
after 15 minutes of incubation, 5.75 
bsg after 30 minutes, 7.1 j/g after 60 
minutes, 5.6 [kg after 120 minutes, and 
0.9 /ug after 180 minutes. 

Since oxygen is required for the 
functioning of oxidative enzymes, the 
activity of the nitroreductase should 
not be dependent on the presence of 
oxygen. To prove this point, triplicate 
assays were conducted with and with- 
out atmospheric oxygen (or a very 
low partial pressure of oxygen) in the 
10-ml Erlenmeyer flasks. This was ac- 
complished by bubbling nitrogen for 
2 minutes through the assay mixture 
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(10,000g supernatant as the enzyme 
source) and immediate sealing of the 
flasks with four layers of Saran wrap. 
Controls were conducted with incuba- 
tion mixtures that had not been purged 
with nitrogen and were kept in open 
Erlenmeyer flasks. After incubation 
and extraction, the formation of amino- 
parathion was confirmed by the de- 
scribed test procedures. Results ob- 
tained by GLC of the hexane phase 
showed that oxygen was not required 
for the nitroreductase activity; the 
amount of aminoparathion produced 
in the absence of atmospheric oxygen 
was 11.17 ? 0.52 jug p2r incubation 
mixture and 9.80 ? 0.96 /tg in its 
presence. Differences observed under 
the two experimental conditions are 
not significant. 

To investigate the effects of some en- 
zyme inhibitors, duplicate tests were 
conducted in which sesamex or SKF 
525-A-a known inhibitor of micro- 
somal enzymes-were added to the 
regular incubation mixture at 5 X 
1 0-4M as described (6). Results 
showed that, in the presence of these 
chemicals, the amount of aminopara- 
thion produced per incubation mixture 
was only 45 ? 1 percent (with sesamex) 
and 63 ? 0 percent (with SKF 525-A) 
of the amount that was produced in 
control tests. 

No protein measurements of the 
various subcellular fractions were per- 
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Paired cerci, which form sensory 
appendages on the 11th abdominal 
segment of orthopteroid insects, are 
exceptionally well developed in crickets 
(Fig. 1A). They are clothed with nu- 
merous sensory hairs (Fig. 1C) and 
other mechanoreceptors. Cell bodies of 
sensory neurons situated in the cercal 
epidermis send dendrites to the sensilla, 
and axons which travel via the purely 
sensory cercal nerve to the terminal 
abdominal ganglion of the central 
nervous system (Fig. 1D) (1). There 
they contact collaterals of giant inter- 
neurons which send axons anteriorly 
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formed to determine specific enzyme 
activity. However, based on the amounts 
of aminoparathion produced, differ- 
ences in enzyme activity were evident 
in assays conducted at different dates 
with one fly strain, and also in assays 
conducted simultaneously with all 
three strains. Both the CSMA and P2/ 
sel strain were a good source for the 
nitroreductase, whereas the F58-W 
strain was a poor source. 
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through the paired connectives of the 
ventral nerve cord (2) (Fig. 1G). 

As with insect appendages in gen- 
eral, new abdominal cerci regenerate 
after amputation in immature stages 
(instars), growing vigorously and de- 
veloping all components of normal 
cerci within several instars. They are 
repeatedly formed when regenerates are 
amputated following each molt. Regen- 
eration of functional cerci can thus be 
prevented during any desired sequence 
of instars, after which regeneration may 
be allowed to proceed. 

Their cell bodies having been re- 
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Neural Regeneration: Delayed Formation of 
Central Contacts by Insect Sensory Cells 

Abstract. Correlated anatomical and electrophysiological results demonstrate 
that sensory neurons, which differentiate de novo within the epidermis of regen- 
erate abdominal cerci of crickets, enter the terminal ganglion and form functional 
central connections even when regeneration of the cerci is delayed through the 
greater part of postembryonic development. Stimulation of regenerate cerci evokes 
activity in giant interneurons which is normal by several physiological criteria. 
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