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Effects of Fishery Chemicals on the In Vitro Activity of 
GIucose-6-phosphate Dehydrogenase 
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U.S. Fish and Wildlife Service, Southeastern Fish Control Laboratory, P.O. Box 

9, Warm Springs, GA 31830 

Many types of chemicals such as piscicides, therapeutants, dis- 
infectants, oxidizing agents, and anesthetics are used by fishery 
workers. New chemicals must be rigorously tested for toxicity in 
the laboratory and field to assess their effects on both target and 
nontarget organisms before they can be registered for fishery uses. 
Such tests are numerous and expensive. Recently, RUTHERFORD et al. 
(!979) described a simple method of screening petroleum effluents 
for possible toxic effects in which a simple, inexpensive enzyme 
assay is used. In their method, toxic substances caused a signifi- 
cant inhibition of the enzyme glucose-6-phosphate dehydrogenase 
(G6PDH). This study was designed to measure the effects of selected 
fishery chemicals on the in vitro activity of G6PDH and to deter- 
mine whether the inhibition of enzyme activity and fish toxicity 
of the chemicals were correlated. 

MATERIALS AND METHODS 

Thirteen chemicals were used in our experiments (TABLE I). The 
G6PDH (EC 1.I.I.49, type XV, isolated from bakers' yeast) and its 
substrate (Sigma 400-I0) were purchased from Sigma Chemical Co., 
St. Louis, Mo. I Heavy mineral oil was purchased locally. Tris 
buffer (0.3 M, pH 8.3) and phosphate buffer (O.l M, pH 7.0) were 
prepared as described by LONG (1961). Stock solutions and all 
dilutions of the chemicals to be tested were made in phosphate 
buffer, pH 7.0. 

Preliminary experiments were conducted to determine the con- 
centrations of the chemicals needed for maximum inhibition of the 
enzyme. These concentrations were initially based on their LCs0 
values to fish. If no inhibition, or complete inhibition, of the 
enzyme was noted, the chemical concentrations were arbitrarily 
increased or decreased as needed. After the optimum chemical con- 
centrations had been ascertained, we conducted additional experi- 
ments to determine the preincubation time required for maximum 
inhibition of the enzyme. All of the preliminary experiments were 
carried out by adding I mL of the chemical to be tested (four 
concentrations, made up in pH 7.0 phosphate buffer) and 25 ~L of 
G6PDH (13.75 ~9 protein or 2.5 enzyme units) to each of four test 
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TABLE I. Identity and source of selected fishery chemicals 

Common name 
or abbreviation Chemical name Source 

Hyamine 3500 50% n-Alkyl [50% C 14, 40% Rohm and Haas, 
C 12, I0% C 16] dimethyl Philadelphia, PA 
benzyl ammonium chloride 
50% H20 and ethanol 

Hyamine 1622 

KMnO 4 

Formalin 

Acriflavine 

QdSO 4 

MS-222 
(Finquel) 

Noxfish 

Pro-Noxfish 

Acetone 

Methanol 

Ethanol 

DMSO 

Diisobutylphenoxyethoxy 
ethyl  dimethyl benzyl 
ammonium chloride 98.8% 

Potassium permanganate 

Formaldehyde 37% 

Mixture of 2,8-diamino- 
lO-methylacridinium 
chloride and 2,8-diamino- 
acridine 

Quinaldine sulfate 

3-Aminobenzoic acid 
ethyl ester methane 
sulfonate 

5% Rotenone 

2.5~ Rotenone 

Dimethyl su l fox ide  

Rohm and Haas, 
Phi ladelphia,  PA 

Matheson, Coleman and 
Bell, Los Angeles, CA 

Ashland Chemical Co., 
Columbus, OH 

Aceto Chemical Co. Inc., 
Flushing, NY 

U.S. Fish and Wildlife 
Service 

Ayerst Laborator ies, 
New York, NY 

S.B. Penick and Co., 
New York, NY 

S.B. Penick and Co., 
New York, NY 

Burdick and Jackson 
Laboratories, Inc., 
Muskegon, MI 

Burdick and Jackson 
Laboratories, Inc., 
Muskegon, Ml 

Fisher Scientific Co., 
Fairlawn, NJ 

Fisher Scientific Co., 
Fairlawn, NJ 
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tubes (7 x 22 mm). A f i f t h  tube contained G6PDH substrate 2 dis-  
solved in 0.5 mL Tris buffer (pH 8.3) and I mL of phosphate buffer 
(pH 7.0), which served as the cont~Jl. The contents of each tube 
were mixed, and 0.8 mL of heavy mineral o i l  was layered over the 
reaction mixture. Then the tubes and contents were incubated at 
27 • I~ in a constant temperature water bath. The rate at which 
the blue dye (2,6-dichlorophenol indophenol) present in the reac- 
t ion mixture was reduced to i ts  colorless form was followed v i s u a l l ~  
and enzyme i nh ib i t i on  was then calculated by the fol lowing formula: 

I n h i b i t i o n  (%) = (I 
t 
con ) X I00 
tch 

where tcon = the time required fo r  co lor  disappearance in tubes 
incubated wi th  G6PDH on ly ,  and tch = the time required fo r  d i s -  
appearance of co lor  in tubes incubated w i th  G6PDH and chemical. 

In the d e f i n i t i v e  study, four  concentrat ions o f  the tes t  chem- 
ical and a contro l  were used. Inocula t ions o f  25 ~L of  G6PDH in 
each o f  f i v e  tubes were incubated fo r  the optimum time determined 
by the pre incubat ion study. At the end of  the pre incubat ion t ime, 
a mixture o f  G6PDH subst rate in 0.5 mL Tr is  bu f fe r  and I mL phos- 
phate bu f fe r  (pH 7.0) in four r e p l i c a t e  tubes was inoculated wi th  
]0 ~L o f  the enzyme-chemical mixture from each o f  the concentra- 
t ions tested.  Mineral o i l  (0.8 mL) was layered over the react ion 
mixture and the mater ia ls  were incubated at 27 • I~ The time 
required fo r  the subst ra te  to change from blue to co lo r l ess ,  except 
fo r  a band at the mineral o i l -aqueous i n te r face ,  was recorded and 
the percent i n h i b i t i o n  ca lcu la ted .  

RESULTS AND DISCUSSION 

Potassium permanganate was the most i n h i b i t o r y  compound tested.  
At a concentrat ion o f  0.075 mg/L i t  i nh ib i t ed  the a c t i v i t y  o f  G6PDH 
by 31% (TABLE 2). Three therapeutants ( A c r i f l a v i n e ,  Hyamine 1622, 
and Hyamine 3500) were about f i v e  times more i n h i b i t o r y  than the 
p i sc i c i des ,  anes the t i cs ,  and formal in .  Five chemicals i nh ib i t ed  
the enzyme s l i g h t l y :  two f i sh  tox icants  (Noxf ish and Pro-Noxf ish) ,  
two anesthet ics  (QdSO 4 and MS-222), and one therapeutant  ( formal in) .  

Since a l l  o f  the above compounds are water soluble,  we attempted 
to tes t  several o ther  compounds of  low water s o l u b i l i t y  by d i sso lv -  
ing them in an organic  so lvent .  However, the concentrat ions of  
solvent  needed to prevent p r e c i p i t a t i o n  of  the tes t  chemicals 
severely i nh ib i t ed  the enzyme (TABLE 2). 

2G6PDH subst ra te  consisted o f  glucose-6-phosphate, sodium, 2.30 
~mol; n icot inamide adenine d inuc leo t i de  phosphate, 0.065 ~mol; 
2 ,6-d ich lorophenol  indopheno], 0.275 ~mol; and phenazine metho- 
su l f a te  as an e lec t ron  ca r r i e r .  Sigma Technical B u l l e t i n ,  No. 400. 
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There was l i t t l e  correlation between the in  v i t ro  inhibit ion 
of G6PDH and the LCso values for rainbow trout. For example, potas- 
sium permanganate was inhibitory to G6PDH at 0.075 ~g/g but had an 
LC50 of 1.22 mg/L. On the other hand, the piscicides Noxfish and 
Pro-Noxfish showed l i t t l e  enzyme inhibit ion at 100 ~g/mL but had 
LC50's of 3.05 and 1.02 ~g/L, respectively. Correlation coeff i -  
cients were 0.63 for the 96-h LCso and 50~ inhibit ion values 
(extrapolated) and 0.46 for the 48-h LC50 and 50~ inhibit ion values. 

We found that we could use a single enzyme preparation for 
about I week, provided that i t  was refrigerated. Our results were 
consistent from day to day i f  the color in control tubes changed 
from blue to clear in 40 minutes or less. Several of the compounds 
that were tested at high concentrations presented a problem because 
the interface between the aqueous phase and mineral oi l  never 
cleared completely. 

The inhibitory effects of Acrif lavine were perplexing. In the 
in i t i a l  experiments, we used concentrations of lO0, 200, 300, and 
400 mg/L and observed inhibitions of 65, 38, 31, and 32%, respec- 
t ively.  Similar results were obtained in a second experiment. 
However, concentrations of 20 to IO0 mg/L proved much more inhibi- 
tory than those of 200 to 400 mg/L (TABLE 2). Since we were 
interested only in determining whether there was a correlation 
between enzyme inhibit ion and tox ic i ty ,  we did not investigate 
Acriflavine further. 

We concur with RUTHERFORD et al. (1979) that the present test 
is simple and inexpensive. However, i t  seems clear from our data, 
that the in v i t ro inhibit ion of G6PDH cannot be used to predict 
the tox ic i ty  of a chemical to aquatic organisms. 
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