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WORK PROJECT I-c-6. PFhysiology of the Oriental Frudi Fly., - G. C. Roan,
Project Leader

SIMMARY

The mess production of oriental fruit £liss has proessded normally. In
’iﬁm : mid=September the personnel and wolums of production were reduced by one-
' ‘ ‘ half o '

The preiiminary work on methods for tho production and detsction of
"flies tagged with radicactive phosphorus hag besn completed. ¥Flies pro-
duced from larvae feeding on a modium containing P32 are sufficiently
radioactive to be detected up to one month aftor omergence and are much more
uniformiy marked than adult {lics fesding on a soluticn cunbalining P32, The
loss of P32 ig more rapid from adult flies fed ¥32, Pemale flies produced
from larvae feeding on P32 show a more rapid loss than the males.

The charactsristics of the trala cholizostiross of the orlentel fruilt -~

£y appear to differ somevhat from other spscles that have been studied.

There appsars to bs an optimnl concentration for both scetyleholine and
acetyl-bata methyl=choline. The in vitzo Ilisp concentrations for a series

of coapounds investigated are of the game order ag those reportsd for the
house fly., There is a marked compstition vetween substrate and inhibitor

in reacting with the cholinesterase. Topical applications of para=ozon
rapidly inactivate the brain eholinesterase of the oriental fruit £ly.

The carbamata, G-22008, is a very effective inhlibitor of cholinesterasse
and gppears to be a good competition in the presence of acetyl choline, Its
action doas no%t appear to be greatly affected by lower terperatures. A ssries
of chemically related compounds is not available at the present time for
comparative studies. : ,

There appeared to be no difference in the cholinesterass activity or
the action of gelected inhibltors betwesn flles provided with a protein or
non-protein diet. These tests must be extended %o ja wive confiiioms,
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Line Project I-0-6-3. Mass Rearing of Fruit Flies.

" This activity became the responsibiilty of the Physiology Project
July 1, 1951. The work has proceeded in a routins manner sxcept for some
difficulty with the lamral medium in the first week.

The technigunes employed were those developed by the local siteff of
the University of Califorpia. The transfer of the cultures and equipment
was accomplighed by the Califormia gtaff prior to July 1. This coopera-
tion was of immessurable value in eliminating any discontinulty of fly
production.

Cultures of Ceratitis cepitate,end Dacus cucurbitae larvae have been
meintained at very low levels. Production figures and distribution of
Dacus dorsslig were as followss

Total production 2,245, 234 .
Chemical Control 1,268,448
Commodity Trestment 228 210
Biology-Ecology 254,200
Avea Control 134,800
Biological Control 40,000
Physiology 10,000
Stock culture 95,000

2,030,658

Balance 214,576 distributed to University of
Hawaii and Territorial Board of Agriculture.
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Line Project I-0-6-4. Production of Fruit Flies Containing Radioactive
Phosphorus.

Two additional lots of radicactive flies were produciid. One experiment
consisted of rearing larvae in a medium containing P32 by the method described
in the previous report. In this experiment the radloactivity was increased
to 0.34{nc 1 ml. In the second experiment three-dey-old flies, held for 24
hours without food or water, were allowed to feed for 43 hours on a sugar
solution containing 3.9 me of KH293£04 per milliliter. The normsl diel was
then restered and semples of flies withdrawn at intervals for assay of radic-
activity.

ihe comparstive amouniy of redicactivity present in the verious 1ife
stages of the oriental fruit fly reared én o laorwal modium containing P32
ab two levels are shown in teble 1. Tho amcuntz of P32 aequired by adult
feeding are shoun in tabls 2, A comparison of theso data indicate that
the lerval resring method produces a gregpter wniformlty of merking.
Novertheless 1t is quostionable if positive ddentification of flies pro-
duced from the Gwo larval rearings would be possible.

Samples of flies were periodically removed from all three csges and
assayed for radiocactiviity to determinz how long after ingestion 11 would be
possible to detect such flies and to deteramine the rate of loss of radio-
activity by metabolic processes. The data from this experiment are shown in
figure 1. The rate of loss of P32 from flies which acquired this material
b§ larval feeding is considerably less than in the case of aduits feeding on
P32 golutions. 1t was of interest to note that a very high percentage of the
phosphate ingested by the adults was nitillzed.

In the above saaplings the fliss were separated according to sex amd it
was observed that the femeles wers losing P32 more rapidly than the males.
Figure 1 shows the differences in the rate of loss by males and females reared
from larvae feeding in a radicactive medivm. Due to the variation in amounts
of P3R acquired by adult Teesding such comparisons were impractical.

An 80 ng. sample of eggs collscted from flies rearsd from larvae feeding
in a rediocactive medium gaeve 1000 cpm. While thils smount of radioasctivity is
inconszquential from the standpoint of progeny fvom the radicactive flies
it is an imporiant factor in contributing to the loss of P32 by pacent female.

On the basis of these tests it would appear possible to make positive
identification of vsricus lots of flies released at different time intervals,
preferably of the order of 14.3 days. The most reliable method would be the
use of flies produced from larvae resred in a medium containing P32 gince
they are more wniform in regards tc the amcunts of P 2,

Neither the flies produced from largae feeding on a medium containing
P32 or adulte feeding on a solution of P32 showed eny indication of adverse
effects from exposure to the differeat levels of rediation. These flies were
equal to the normal laboratory strain in percentage emergence from pupas,

in fecundity, in fertility, in viebility of larval progeny, and in longevity
under laboratory conditions.



The use of P32 did not complicate norpal larval rearing procedures
unduly since laboratory personnel came in contact with the materials only
during the process of mixing the KHzP320, with the larval medium and at,
the time the larvae wers removed for pupation. The use of rubber gloves
and quantitative techniques minimized operator exposure end prevented
laboratory contemination.

Table 1. Radioasctivity of verious life stages of the oriental fruit fly
reared in a carrot medium containing KHgP5204 at the raste of
0.1 snd 0.34 microcuries per milliliter.

0.1 me/mi. 0.34 me/ml.
Counte per minute2/ . Counts per minutez/
3rd Inster 3rd Instar
| Ho. larvae Pupae Adultsﬁf larvae Pupac | Adultsd/]
1/ 3,800 4,800 | 1,900 _7 5,300 45800 | 3,200
2 4,600 5,200 | 2,900 5,100 5,100 | 3,500
3 3,400 | 5,200 2,100 5,800 5,600 | 2,600
A 45100 4,100 | 2,800 5,300 5,400 | 3,700
5 45400 4y500 | 2,200 5,600 5,000 | 3,800
6 4,200 .| 4,200 | 2,900 4700 4,500 | 3,000
7 45,100 3,800 | 2,400 5,800 5,200 | 3,300
8 3,700 3,400 | 2,400 45300 4,700 | 3,500
9 4,100 3,100 | 2,500 55300 5,400 | 3,000
10 4y 700 5,300 | 2,600 5,300 5,000 | 3,400

1/ Succesding 1ife stages are not necessarily the same individuals.

2/ Corrected for background snd decay to the date the larvae in each
. experiment were counted.

3/ Freshly emerged adults.

Table 2. Radiocactivity of aduli oriental fruil flles after fgeding for
24 and 48 hours on-a suger soliution containing Kﬁgr9205 gt the
rate of 3.9 microcuries per ndlliliter,

' Gommts per mirute per in&ividgg;;/
24 hours® 48 hours®/
[Females Males Fomales Fales

2,800 2,400 4,200 5,600
2,300 2,800 : 4,900 3,900
5,000 3,490 5,700 4,000
3,600 3,500 6,300 4,800
3,300 3,300 3,700 5,000
1,920 3,800 5,400 ‘ 44900
49500 - 39800 49300
2,200 —_ roue e

1/ Corrected for background and dsesy to the first day of fesding.
2/ Counted as intacht individuals which were discarded after counting.




FIG, 1.~-Rate of loss of P32 acquired from larvas or adult feeding by
ezeretion and/or oviposlition. Data represents the average of
~ both pexes. ,
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FIG, 2.—The rates of loss of P32 by males and females produced from larves
feeding one medium containing O.1 we/ml. of P32,
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Project JeQebml, A ﬁa&};_@&i@kﬁ&mm@@ﬁ&g&a of the Herve
nogterase of D. dorgelig.=

The manomstric techniques used for determining cholinegtorase aclivity
were modifications of those described bty Metcslf and Maxrch (1950). Except
where noted otherwise the fliss used were two-day-old female D. dorsalis
which had been provided with a diet of sugar, water, and soy hydrolysats.
In the earlier experiments 2.6 criental fruit £1y heads were used for each
flesk, It soon became epparent that a rather marked wariation in head
weight {3.72-1.02 mg./head) was causing considerable veriation in the results.
All succesding experiments wers carried oubt using 3.12 mg. of head brsi per
flask and ell previcus expsrimsnts wers corrected for weight variations to
this value. Other modificztions of technique will be described under the
appropriate sections. All values reported were corrscted for non-ensymatic

hydrolysis.

Substrate Specificity and Lffect of Substrate Concentration.—-Throe
potential substrates, acetylcholine (ACh), ascetylebsta methyl-choline (AMaCh)
and benzoyl cheline (BzCh), were studied. The effects of varying substrate
concentrations on their hydrolysis by cholinesterase (CHE) at 37° C. are
shown in figure 3, Activity is plotited against varying substrate concentra-
tions. From these curves it is evident that ewcess ACh or AWMeCh inhibits
hydrolygis, The opbtimm substrate concentrsiions appear to be the order of
5x 1077 ¥ for ACh and 4 x 10™% W for AMeGh, Thls Giffers from the findings
of Motealf and March (1950) for %he houss fly where no optimm was observed
for the hydrolysis of AMsCh. The optimm concentration, 5 x 1077 ¥ was
employed for all succeeding exparimsnts with &Ch,

Effact of Temperature on the Hydvolysls of ACh by Orisntel Frult Fly ChB:
Temperstures ranging from 15° - 452 (., wers studied in order to determine
the effect of temperature on jin gitre hydrolysis. The optimm temperature, as
determined from figure 4 is of the order of 35° C. From the data presentsd
in previous reports this temperature is near the mmrimm of the preferred
terperature zone, A9 ueg obssrved v Glick {3939} for horse serum CHE the
rate of hydrolysis decreasses rapidly at termperatures in sresss of the optimm,
indicating a rapid insctivation of the enzymo &t hirher temperaturoesg.

Inhibition of ChE by Cortain Orgenic Tnsecticidal Compoundgs——In thess
experiments the degree of irhibition was daetermined for a 30-minute period.
The inhibitors were placed in the cenber well it appropelate concentrations
in propylene glycol-acetone solublons prior to gassing and equilibration.

At the end of the equilibration period the ACh was dumped in from the side
arm and szfter 5 minntes' shaking the stopecocks were closed and msasurement

of C02 evolution commenced. The irhdbitors snd the Chl were allowsd to

react for approximately 20 mimutog prior to the addition of the substrats.
The probit of the percentage irhibitlon was plotied against log concentration
and the concentration for 50% inhibition (IFsp) determined from the graphs.
The resulbts of those cxperiments ars progenited in table 3. In comparing the
data in table 3 with comparable data for the house fly from Metezlf and March
(1950) the IN5g1g for certain of the compounds are of the same order. Such a
comparison 1s presented in tabls 4 as well ag a comparison of the LD-50 values
for the house {1y and the orienial {mut fiy., Thess data indicalte that as

in vitro inbibitors the listed compounds sre more offective for the oriental
fruit £ly than the house £1y while in general they are lsss effsctive as
toxicants,

I/ These and the following studies on the mode of actlioen of Insecticides are
related to line project I-o=3~]. Preliminary Laboratory Testing of Insecti-
cides, in the Chemical {lontrol Ssction,
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FiG., 3. Ths effect of substrate concentrations on the hydrolysis of ACh, AMsCh,
and BeCh bty orienmtal frult £ly beain ChE,

(*) Acetylcholine (ACh)

&) Acotyl-bota mothyl-choline (AMsCh)

oG- , . (QBenzoyl choline (BzCh)

106

minutes 3
8 g 2

liters G0o evolved in 30
S :

/!1

\
(=)
B |

10t




A8l

o
=

evolved in 30 minutes

B3 (352

g

4o

~
o

8

|FIG, 4.-=The effect of temperature on the hydrolysis of acetylcholine by D, dorgalis brain cholinesterase,
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Table 3.--»Thé inhibiticn of oriental fruit fly brain cholinesterase by
certain organic insecticidal compounds.

: Moler concentration for
" Compound 50 per cent inhibition (1)

1. diethyl p-nitrophenyl phosphede (Para-cscon) %1z 109
2. diethyl p-nitrophenyl thiophosphate (Pavathian) 2,3 x 1077

3, di-isopropyl p-nitrophenyl phosphate 1.5 z 1078
4o di-isopropyl p-nitrophenyl th:lophospha%e | 2 x 3078
5. ethyl p-nitrophenyl thiobenzene phosphonate (EFE) 4.0 z 1079
6. tetraethyl pyrophosphate (TEPP) 7.5 & 10~10

7. tetrasthyl dithionopyrophosphate 5,2 z 108

8. l-phenyl=3, methyl pyrazol (5) dimsthyl carbamate
G-22008 2,0 = 1078

(1) In yitrp concentration determined from a 30-minute resction period,

Table 4.~-The comparetive effectivensss of certain -organic phosphates as
dn ¥ivo toxlcants and ju yilro irhibitors of ChE for the oriental
fit £fly and the house f£ly. . '

150 House f&. €3§’)); ID-50 Hougs £lv 3)

| (2
Comgovmad pLIW D, dox:&:alis LB=50 D, dorsalis

1. diethyl p-nitrophenyl

Phﬂsphate 2.9 ‘0,55
2, diethyl p-nitrophonyl

thiophosphate 2 0.7%
4. diisopropyl p-nitrophenyl

tniophosphate £.6 1.2
5. .othyl p-nitrophenyvl thictenzeouo

phogphonate 75 0.95
(1) Motealf and March (1950)
(2) Table 3

(3) Metealf in Chemical Conmtrol Project report Oct.-Dec., 1949.




This evidence further suggests some differsnces in the reactions of
the cholinesterase of the oriental fruit fly and the house fly. The
reactions between ChE and these inhibitors, such as suggested by Brauer
(1948) or Burgen {1949) may well be effected hy other bicchemical systems
in the organism. 1In the case of jn vivo reactions it is necessary to take
into account such factors as rate of perstration, distribution to the
site or sites of action end the rate of dstoxification, if any.

& further suggestlion as to the different resctions of the various
species to such toxicants is propssed by Lord and Potter (1950) and (1951)
when they present evidence to indicate that these compounds may inhiblt
other estsrases.

These data indicale the necessity for extending theose investigations
to in vivo conditions and to other biochemicel systems, The irhibition
exhibited by G-22008, a dimsthyl carbamate, is of uvmusual intersst. This
material has been found to be a very effective oriental fruit fly insecti=-
cide in studiss conducted by the Chemlcal Control project.

Competitive Action of Substrate and Inhibitorgs—Burgen (1949) reported
on the competitive action bestween acetylcholine and TEPP, Ee reported

that a much greater degres of inhibition was observed vhen the inhibitor
was allowsd to react with the enzyme prior to the addition of the substrate.
When the inhibitor was added after the substrate the concentration had to
be inereased by a factor of 10C before comparable degrees of inhibition
were obsarved.

Three mothods of addition of the reactants were investigated to deter—
mine the degree of competllion betwsen the substrate (ACh) and various ChE
inhibitions. (1) Various concentraticns of the inhibitors were allowed to
react with the enzyms preparation for eppreximately 30 minutes before the
addition of the substrate. (2) The inhibitors and the substrate were mixed
together and added similtameously., (3) The substrate was allowed to react
with the enzyme 30 minutes befors the addition of the imhibitors. In these
experiments the inhibitore were made up in propylene glycol-scetons
solutions, Due to the problem of temperature equilibration ths measurement
of gas evoiuntion was started at the tims the inhibitor was added., In ths
case of prior additiom of the substrate the curves were corrected for the gas
evolved during the 30-minute exposure of enzyms and substrate by values
determined from the uninhibited ensymetic hydrolysis.

In preliminary experiments it was obssrved that the reactions did mnot
reach a maximm until gpproximately 2 1/2 acurs as shoun in figure 5 for
para-ozon at 9,2 x 10°% molar concentration, The data in table 5 were
determinad at 2 1/2 hours from graphs simllar to figure 5. Thess data
suggest that within their effective ranges compounds 1, 2, 7, and 8 are the
best inhibitors.

In all cases the prior addition of substrate materially reduces the

. degmee of inhibition. The best indication of competitive ability is given
by the valuss for the sirmlfensous addition of substrate and inhibitor.
These values indicate the above serles for corpetitive action. As pointed
out by Birgen (1949) the g yivg conditions are similar to thoss in witrn
vhen the substrate is present prior to the inhiblitors. Under thess condi-
tions the same compounds, i.8., 1, 2, 7, and 8 appear more effective.
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FIG, 5.-=The cometition botween inhibitor and substrate in reacting with the.
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Table 5,—Action of various inhibitors on the cholinesterase of the(ﬁien'tal
fruit £1y in ths presence of acetylcholine as a substrate'>!,

Por Cont Inhibition(>)
1mh 15627 sub Toh(3) sub 15t6)

1. diethyl penitropheryl phosphate 9&10:;3& 200 100 53
: 9.2x107M 100 23 13
(Pare~oxon) 9,20"% 36 0 0

2, aiethyl p-nitrophenyl ~
thiophosphate 2.3x10~%M %0 89 62
20 S0 47 37
(Parathion) 2,300~ &7 16 0

3. dlisopropyl p-nitrophenyl

phoaphate 2,021076 100 86 67
2, 0x3.0~7H a5 20 o
2.0x10=84 70 2 0

4. diisopropyl p-nitrophenyl

thiophoaphate 2, 0x10™ 95 73 47
. 3.01107%% 100 22 2
4.0x10~C 58 9 0
5, ethyl p-nitrophenyl

thiobenzene phoaphonate 3,020~ 100 33 17
6,0x10°¢ 66 5 1
(EFR) 300076 33 0 0
6. tetrasthyl pyrophosphate 152208 oy 56 33
1.5x10~9M 58 8 0
(TEPP) 1.5210-108 5 4 0
7. tetrasthyl dithicnopyrophosphate  Ix10=5 95 96 56
x106 68 53 46
1307 50 7 0

8. l-phenyl-3 methyl pym.zol(5)
dimethyl carbamate , 2»52:10“’2 93 89 64,
2, 0x10~ 52 42 17
{G-22008) 2.0010°8 o 7 0

(1) In vitro tests at 37° C. with a substrats concentration of 5%10~3M,

(2) Inhibitor allowed to react with enxyme for 20 min. prior to addition of
subgtrate, ,

(3) Inhibitor emd substrate sdded to enuyme similtansously,

(4) Substrate allowed to resct with ensyms for 20 min. prior to the addition
of irhibitor.

(5) Data represent veluss at the end of a 2-1/2 hour pericd,




- of -Te ' on the Comotitive Action of Subgtrate
d_:palbitors.«=The offect of. temperatire. -on the. hydrolysis.of (ACGh by~ .
h been deseribed in:.a previous section, The range of temperatures

studied here are below the optimm since higher temperatures may inactivate
the enzyme., These experiments were carried out in the sgme manner as the
previous experiments except at temperatures of 15° and 25° C; The data
from these experiments are shown in table 6, Regardless of the order of
eddition of the reactants compounds 1, 7, and 8 show the least effects
of lower temperatures. These data suggest that the Qjotg for the reactions
between these compounds and the ChE ave higher then for the reaction
betwesn ChE end ACh,

It is desirable to extend these studies to in vivo conditions amd to
take into account the effects of other biochemical systems that may bs active
in other parts of the body,

The inhibition of ChE Following Topical Applications of Parg.-0xon,-—-
In this experiment six groups of 25 flies each were treated with topical
applications of para-owon in propylenc glyeol solutions on the dorsal aspect
of the thorax., Two concentrajions of 0, J/vg and 0,05 vg/ £ly wers used,

The volume of solvent was lmm’, A% varying time intevvals the heads were
removed and prepared for manometric essays of ChE activity, Controls for
uninhibited ChE weore cbtained fronm fliss treated with lmzxg of propylene

glycol,

The results of this experiment are presented in table 7. While the
dosages employed ars excessive, the date indicate a rapid penstration and
inactivation of the brain ChE when the experimsnts are conducted at room
temperaturs. These tests 1ill be extended to include lower temperatures and
other organic insecticides, .

The Effects of Diet on ChE Activitys—Flies provided with suger and
wvater diets were checknd noninst thooo with o bydrolyzed protein added to
s dlet. Wo could cbserve no differsnces in the rate of hydrolysis on
the degree of inhibition, Thess tests repregent in vitrp conditions.
Modification of the test conditions %o conform with the preceding section
may provide a better estimate of the effocts of diet on the ChE activity
of the oriental fruit fiy. In the studies of the Chemicel Control project,
protein-fed flies have shown a definite resistance to insectlcides which
act as inhibitors of ChE activity.,
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Table 6. The effects of temperature on the action of various inhibitors on the cholinesterase of the oriental fruit
1y in the presence of acetyl-choline as a substrate,

— _PER CENT INHIBITION
. Inhibitor Subgtrate & Inhibitor Substrate
Compound added firsy simzltaneously added first
155G, 1 259€, __,__3'700 15°C, | 25°C. | 37°C, | 15°C, '2>°c, __p?ac.,
| , . ' I ,
1. diethyl p-nitrophenyl phosphate 1.&:10-9M 100 | 100 5 1 691 100 | 47 ! 40 | 5
2. diethyl p-nitrophenyl thicphosphate 2,3x10-0M g, ! 20 L 90 18 | 28 47 g i 8 37
3. diisopropyl p-ndtrophenyl phosphate 2.0:10-0M 8 1 100 | 100 B 6! 86 51 36 | 62
[] ] ¥ : ) 1 :
4o (Mieopropyl p-nitrophenyl thiophosphets 2,0:-10~4M) 100 ¢ 85 P95 27 f 31, 93 9 E 16 1 47
] i : i f
5, othyl p-nitrorhenyl thiobenzeuns phosphonate ' ! : ; i "
33577 73t 95 100 Yt 21 33 0 0. 17
] ; i v ! '
6. ‘totrasthyl pyrophosphate 1. 5x1G~%H 86, 85 L 71 31 56 0 ; o 33
. ‘ : - | 3
7. ‘tetragthyl dithionopyrophosphate  Ix1C~0H 93, 90 86 66 1 70 j 72 28 ' 34 1 49
8, l-phenyl=3 methyl pyrasol (5) Aimsthyl cerbamato : 5 f ! ;
2210-03 93! 93 | 93 82 : 891 89 55 1 49 64
b { s N i i
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Table 7. The in viﬁo Inhibltion of oriental fruit fly brain cholinesterase
following topical application of Para-oxon in propylene glycol

sadution,
_Per cent inhibition{ls
Time after treatmsnt _ 0,05 ug fly __ 0.1ug fly
Control 0 0
20 mimutes 62 90
45 mizutes _ 63 95
90 minutes : 100 —

(1) Determined mancmstrically for a 30-mimute pér:&odg
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