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There has been an increasing demand for analyses to be pe r fo rmed  on samples  
suspected oi containing pest ic ides  or other toxic chemicals .  Bioassays, such 
as the f ru i t  fly test~ are  routinely used in ve te r inary  diagnostic labora tor ies  
to rapidly screen for the presence  oi toxic residues in feed and tissues. 
However ,  these bioassays are nonspecif ic and are used only to indicate  if other  
sophis t ica ted  analyt ical  methods should be applied for lu ther  invest igat ion.  
Usually the analyt ica l  methods for posit ive ident i f icat ion are d i f fe ren t  for 
d i f fe ren t  classes of pest icides;  the re fore ,  it would be advantageous  if the initial 
bioassay could also provide informat ion as to what  classes of pest ic ides  were  
present .  This would be par t icular ly  helpful in the case of poisonings involving 
the ace ty lchol ines terase- inhib i t ing  organophosphorus and c a r b a m a t e  pest ic ides ,  
which dif fer  in ant idote ,  although their  mode of act ion is identical .  In this 
repor t  we have presented evidence to show tha t  ce r ta in  organophosphorus 
pest ic ides  present  a t  residue levels can be quickly and easily de t ec t ed  and 
distinguished f rom other toxic  compounds.  

The bioassay described involves the use of frui t  flies and a bac te r ia l  enzyme,  
phosphot r ies te rase  (PTE), which can specif ical ly  and e f f ic ien t ly  degrade ce r ta in  
organophosphorus pest icides.  PTE was f i rs t  discovered in F lavobac te r ium sp. 
isolated f rom paddy water  by an enr ichment  cul ture  technique (Sethunathan 
and Yoshida 1973). These soil bac te r i a  were initially isolated for their  abili ty 
to degrade parathion and diazinon, and la ter  it was found tha t  they could degrade 
a wide range of organophosphorus pest ic ides  (Munnecke 1980; Batik and Munnecke 
1982). Some of the b iochemical  proper t ies  of PTE, such as pH range, e f f e c t  
of me ta l  ions, and inhibition by de te rgen ts  and organic solvents,  have been 
cha rac t e r i zed  (Brown 1980). The enzym e  c leaves  the phosphotr ies ter  linkage 
of the organophosphorus molecule  and grea t ly  reduces  its toxic i ty  (Serdar e t  
al. 1982). 

This bioassay is based on the principle tha t  PTE can only degrade or de toxi iy  
ce r ta in  organophosphorus pest ic ides  but not other pest ic ides  such as 
organochlorines and c a r b a m a t e s .  This provides a discr iminat ion ior  those 
pest ic ides  tha t  are subs t ra tes  oi the enyzme  f rom other toxic substances by 
using the s tandard fly tes t .  Results  presented  in this repor t  suggest  tha t  this 
method can provide a simple and quick a l t e rna t ive  to conf i rm the presence  
of ce r ta in  organophophorus pest icides.  

MATERIALS AND METHODS 
Wild type Drosophila me lanogas te r  were  p ropaga ted  by s tandard methods (Scores 
and Lichtenste in  1967) by using a medium containing per l i ter:  100 g glucose, 
10 g agar,  100 g yeas t  and 3 g p-hydroxybenzoa te  as a fungis ta t .  Adult i l ies 
of approx imate ly  the same age were  used for each assay to avoid any i luc tua t ion  
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Table I. % Degradation of Organophosphorus Pesticides by PTE*. 

Group 1 

Bromophos-Ethyl 53.2 
Coumaphos 100.0 
Diazinon 72.1 
Fensullothion 100.0 
Leptophos 0 2 Analog 100.0 
Parathion 98.g 
Paraoxon 100.0 
Pirimiphos Ethyl 9o,.3 
Pyrazophos 89. l 
Quinalphos 99.3 

Group II 

Chlorfenvinphos 7.4 
Chlorothiophos 11.# 
Chlorpyrifos 37.2 
Crufomate 0.9 
Dichlofenthion 32.6 
EPN 29.3 
Fenithrothion 7.9 
Malathion 16,O' 
Methyl Parathion 31.3 
Pirimiphos Methyl 17.1 
Trichloronate 19.8 

Group llI 

Chlorpyrifos- Methyl 0 
Ethoprop 0 
Etrimifos 0 
Famphur 0 
Fenthion 0 
Isofenphos 0 
Jodlenphos 0 
Ronnel 0 
Sullopros 0 
Sullotepp 0 

*Individual pesticide was mixed with PTE in 10 mM Tris-HCl buIier (pH=8.5) 
and incubated at 37~ for 30 rain. The remaining pesticide was then extracted 
by hexane and the % degradation was determined by gas chromatography. 
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in pesticide susceptibility due to age differences.  Flies were anesthet ized 
with ether before being t ransferred and were checked for their full recovery 
before exposure to the pesticide in testing vials. 

Flavobacter ium sp. (ATCC #27351) were grown in nutrient broth containing 
per liter= I0 g t ryptone,  5 g yeast  ext rac t ,  and 10 g sodium chloride. Overnight 
culture was harvested by centr ifugation,  and the cell pellet was washed and 
dried three times with acetone.  The hard pellet was then pulverized with mortar  
and pestle. The resulting dried cell powder can be stored at #~ for several 
months. For the bioassay, a iresh PTE enzyme solution was made by dissolving 
0.03 g oi dry cell powder in 5 ml oi Tris-HCL buffer (10 mM, pH=8.3). 

Small double fil ter papers (Whatman 98ttH, 2.4 cm size) were impregnated with 
exact  amount of pesticide solution by means of a microsyringe. The solvent 
(2,2,t t-trimethylpentane, hexane, acetone,  or ethyl aceta te)  was allowed to 
evaporate  for 30 min. Control Jilters impregnated with the same volume of 
solvent showed no acute e f fec t  and indicated that  30 rain are suificient to 
allow evaporat ion oi all the solvent. 

A fixed amount of either PTE enzyme solution or buIIer  was also impregnated 
on the filters and incubated at 37~ for 30 min to allow pesticide degradation. 
At the end of the incubation, exact ly l0 flies along with a few drops of sugar 
or honey water  were added into each testing vial containing the filters.  The 
vials were allowed to stand at room tempera ture  overnight (between 16 to 
20 h) and the percent  fly survival in each vial was determined by visual 
inspection. 

RESULTS AND DISCUSSION 

By using a gas chromatograph equipped with a nitrogen-phosphorus de tec to r  
McDaniel et  al. (manuscript in preparation) have shown that  organophosphorus 
pesticides can generally be classified into 3 groups according to their 
susceptibility to PTE degradation (Table 1). Group I compounds, including such 
widely used pesticides as parathion, diazinon, coumaphos and paraoxon, are 
almost completely  degraded by PTE. Group II compounds are not readily 
degraded by PTE, but still undergo extensive degradation with PTE t rea tmen t .  
Group III compounds are not substrates of PTE and are undegraded (See Table 
I). 

Since parathion is one ol the more commonly used pesticides and is also a 
good substrate for PTE, it was chosen to be used for the initial development 
of this bioassay. Results in Table 2 show that  all the flies were killed by 
parathion in the tes t  vials where PTE was not added. Even at the lowest amount 
of parathion applied (1.2#g) no fly survived overnight. In contrast ,  all the test  
flies survived if the pest ic ide- impregnated filters were t rea ted  with PTE (0.87 
mg) prior to the fly test .  

Table 2. PTE Effect  on Group I Organophosphorus Pesticides. 

Pesticide (~ )  PTE (mg) % Survival 

Parathion 1.2 0 0 
1.2 0.87 tO0 
12.# 0 0 
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Table 2. PTE E/ /ec t  on Group I Organophosphorus Pest icides.  Cont .  

Pest icide (l-g) PTE (rag) % Survival 

Diazinon 

12.4 0.87 lO0 
Z~l.l 0 0 
41.1 0.87 iO0 
82,6 0 0 
82.6 0.87 50 
82,6 1,7z~ lO0 
t24 0.87 0 
11,0 0 0 
I l.O 0.87 1 O0 
22.0 0 0 
22.0 0.87 I00 

When the amount  o[ parathion was increased to 82.6.u g, only 30% o[ the ~iies 
survived in PTE- t rea ted  tes t  vials, and suggested that  more enzyme may be 
needed lot  detoxi /ying all the parathion.  This was /ound to be true when the 
amount  o~ PTE was doubled, as also shown in Table 2. These results inclicate 
tha t  to get  a conclusive result,  it is impor tant  not to have an excessive amount  
of pesticide so that  the amount  o[ PTE becomes  the  limiting [ac tor .  This 
can be achieved by per /orming multiple tests  using clil"ferent clilutions of 
the same sample. Essentially tl~-~ same results were obtained with diazmon 
(Table 2). 

Since group 11 organophosphorus compounds are not as sui table as substrates 
lor P'I'E as group I compouncls, one woulcl expect that  the detox i [ ica l : iou be 
less el'/icien-t under the same condit ion.  This is shown in Table 3 for n~alathion, 
chlorpyri /os ,  and methyl  parathion.  However,  at  be tween 1 to 10lag levels, 
conclusive results can still be obtained /or this group. To ensure that  the 
pesticide level /alls in between this rang% again multiple tests  using d i f ferent  
dilutions o[ the same sample should be per /ormed.  Al ternat ively ,  by increasing 
the amount  o[ PTE, one can overcome this overloading problem~ as clemonstral:ed 
in Table 2 /or parathion.  

Table 3. PTE E~[ect on Group II Organophosphorus Pest icides.  

Pest icide (ug) PTE (rag) % Survival 

Malath ion 6,8 0 0 
6,8 0,87 100 
13.5 0 30 
13.3 0.87 70 
23.7 0 0 
23.7 0,87 0 
47.4 0 0 
l~7.~j 0.87 0 

Chlorpyri: [os 4.8 0 0 
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Table 3. PTE E~fect on Group ll Organophosphorus Pest icides.  C o n t .  

l)est:icide ~g) PTE (rnIO % Survival 

Methyl Parathion 

4.g 0.g7 100 
9.5 0 0 
9.5 0.g7 100 
16.4 0 0 
16.4 0.87 0 
1%0 0 0 
19.0 0.87 0 
1.3 0 0 
1.3 o.g7 t00 
13 0 0 
13 0.87 0 

Since group Ill organophosphorus pesticides,  and other insect icides sucl~ as 
ca rbamates  are not degraded by PTE, one would predict  tha t  the survival in 
the bioassay should not be a I I e c t e d  by the enyzme t r ea tmen t ,  Results shown 
in Table 4 and Table 5 for group Ill organophosphorus and ca rbamates  pesticicles 
respect ively ,  indicate  that  for a wide range of pest icide concent ra t ions ,  there  
was no d i f fe rence  in survival be tween e n z y m e - t r e a t e d  and unt rea ted  samples.  
This demons t ra tes  the basis of this modified fly tes t  which is to rely on the 
speci t ic i ty  of P l ' g  toward detoxil:ication of cer ta in  pesticicles, l 'able I provides 
the r e l e rence  lor the detoxif ica t ion capabil i ty os this enzyme.  

Table 4. I>'FE E:[fect o)I Group III Organophosphorus Pesticicfes. 

Pest icide (tlg) PTE (ms) % Survival 

Fenthion 1.5 0 0 
1,5 0.g7 o 
7.7 0 0 
7.7 0.g7 0 
46.0 0 0 
46.0 0.g7 0 

Table 5. PTE Effec t  on Ca rbama te  Pest icides.  

Pesticide ( g )  PTE (ms) 

Carbo[uran 

% Survival 

1.0 0 lO0 
1,0 o.g7 I00 
7.6 0 20 
7.6 0.87 I0 
11.5 0 0 
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Table 5. PTE EI Iect  on Carbamate Pesticides. Cont.  

Pes t ic ide  (bg) PTE (mg) % Survival 

Aldicarb 

l l , 5  0,g7 0 
22,9 0 0 
22,9 O,g7 0 
9,5 0 0 
9,5 0.g7 0 

This test is based on the exper imental  [act  that  phosphotriesterase, isolated 
from soil bacteria, can only degrade and thus cletoxi[y certain organophosphorus 
insecticides but not other tox ic substances such as carbamate and organochlorine 
compounds. By coupling the standard f ru i t  f ly  test wi th the enzyme t reatment ,  
the presence o~ sorne ol the more commonly used pesticicles~ such as parathiolb 
diazinon, and malathion can be detected and conf i rmed. 

Bioassay results presented in this paper demonstrate that  residue levels o:[ 
certain organophosphorus insecticides can be dist inguished from other tox ic 
residues. However, analysts should be cautious in drawing the conclusions from 
these bioassay results, For example, whi le posit ive results (detox i [ icat ion)  
would represent conclusive evidence 1:or the presence of residues, negative 
results do not preclude the presence o:[ organophosphorus insect icides since 
group lII compounds in Table I are not hydrolyzed by PTE. By varying tl~e 
amount o~ sample (pesticide) and/or the amount o[ enzyme on the f i l t e r  papers, 
one could e l iminate the possibi l i ty  of saturat ing the enyzrne ancl o~ not cletecLing 
insecticides present at levels below the assay's sensi t iv i ty .  "['he bioassay 
sensi t iv i ty  (between I lag to /0 lag) is approximately equivalent to a range o.[ 
0.1 to 1 ppm in samples. 
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