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Enzymes present m the high speed supernatants of wild bird hvers (pheasant, coot, great crested grebe, goosander, 
eider, tufted duck and common gull) conjugate chlonnated mtrobenzenes and 4 mtropyndme N-oxide with gluta- 
thlone (replacement of C1 atoms or mtro groups). 

3 4 dlchloro mtrobenzene 
2 4 dmltro chlorobenzene 
2 3.5.6 tetrachloro mtrobenzene 
4 nltropyndme N-oxide 

enzymic replacement of 
C1 or mtro groups 
wild bird hver supernatant 

1 INTRODUCTION 

A1-Kassab, Boyland and Wtlllams (1963) and Booth, 
Boyland and Sims (1961) reported enzymic glutattuone 
conjugations w~th chlorinated nltrobenzenes by rat 
hver supernatant Grover and Sims (1964) studied the 
distribution of  glutathlone S-aryl transferase in inverte- 
brate species. A s~mdar study was made by  Cohen, 
Smith and Turbert  (1964) in locusts and other  insects 
Wit and Snel (1968) demonstrated the presence of  en- 
zymes, conjugating glutathlone with an epoxyde and an 
unsaturated compound,  an wild bird livers. 

The present s tudy is a further examination o f  en- 
zymes present in wild bard hvers whach catalyse the re- 
placement o f  C1 atoms or mtro groups from chlorinated 

nltrobenzenes and 4 n i t ropyndine  N-oxide. 

2 METHODS 

Pheasants, coots, great crested grebes, goosanders, 
tuf ted ducks and a common gull (,luv.) were shot near 
Lelystad (Flevopolder,  The Netherlands) durmg the 
winter 1967-1968. The hvers were removed 1 ½ - 6  hr 

later and were kept  on ice during the mght The tis- 
sues were homogemzed with 4 vol. of  0 1 M Na-K 
phosphate buffer (pH 7 4) and the homogenates were 
centrifuged for 1 hr at 70 000 g (ave) The clear 
supernatant was stored at - 2 0  ° unless used imme- 
diately Female eiders were shot on the Vheland asland 
(The Netherlands) in June 1968 The hvers were re- 
moved immediately and kept  m dry ice for 16 hr. 
After thawing, parts were taken and homogemzed with 
5 vol. of  0.25 M sucrose (1 mM dINa EDTA, pH 7 4) 
The homogenate was centrifuged for 30 mm at 480 g 
(ave), 5000 g (ave) and 11.000 g (ave) to remove 
cell debris and coarse particles The supernatant was 
centrifuged for 1 hr at 78 000 g (ave) and the clear 
supernatant of  this preparat ion was stored at - 2 0  ° 
when not  used mamedlately 

The enzyme actwlty towards 3 4 dlchloro nitro- 
benzene and towards 2 4 dinltro chlorobenzene was 
determined according to Booth et al (1961) and 
Cohen et al. (1964) respecnvely. The enzymic conju- 
ganons of  2.3.5.6 tetrachloro mtrobenzene and of  4 
mtro pyridane N-oxade with glutathlone were mea- 
sured by  estimating the release o f  mtrite-ions (A1-Kas- 
s a b e t  al., 1963) The concentrations employed were 



CONJUGATIONS WITH GLUTATHIONE 101 

i 

6 0 "  

4 O  

20 

o 

(6)  (6)  (2 )  (4) (4)  (1) (1) 

CI 
Ct 

7- ~tlO0 NO 1 

~ NO 2 

16) 051 (4) 171 141 12) 11) 

1 8 ,  

1 6 .  

1 4  ¸ 

12 

> 
: 10 '  

~ 8 

Z ' 

~ 6 

I[ 

~ 4 

0 
(6)  

4 0  

2 0  

"5 o 
'I; (4) 
::,- A 

m 
(6) (4)  

(6)  (3) 
B C 

(7)  

(6 )  
O 

(4)  

(4) 
E 

(2 )  

r-'-1 
(2)  
F 

(1) 

(1)  

G 

6 
6 

.o 2 

1 25 mM and 3 75 mM for the substrates 3 4 dlchloro 

mtrobenzene and glutathlone, 1 0 mM and 5 0 mM 
for 2 4 dlnitro chloro benzene and glutath]one, 0 1 
mM and 6 0 mM for 2 3 5.6 tetrachloro mtrobenzene 
and glutathlone, 0 5 mM and 6 0 mM for 4 nitro 
pyndme N-oxide and glutathlone respectwely 

3 RESULTS 

The activities per g hver are gwen m fig 1 (mean -+ 

SD) 

4 DISCUSSION 

On examination of the activities of wild bird hver 
preparations towards glutathlone conjugations with 
an epoxyde (2 3 epoxy phenylpropylether) and with 
an unsaturated compound (dlethylmaleate), Wit and 
Snel (1968) observed a remarkably tugh activity in 
pheasant hver in comparison w~th the livers of coots, 
great crested grebes, goosanders, tufted ducks and 
common gull The same feature was found when 
chlorinated nltrobenzenes and 4 nitro pyndlne N- 
oxide were used as substrates for glutattuone S-aryl 
transferase in wdd bird hver preparations tn vttro 

(fig 1) 4 Nltropyndme N-oxide, however, was not a 
statable substrate for the liver preparation of the 
great crested grebe. 

A1-Kassab et al. (1963) found a close relationship 
between, if not identity of, the properties of rat 
hver glutathlone S-aryl transferase respecting the re- 

Fig 1 Enzyme actlvltaes of glutathlone S-aryltransferase m 
wald btrd hver preparations. The ordinate represents the pro- 
ducts formed per hour per g hver (mean -+ S.D ) On the abs- 
cissa the figures between brackets represent the number of 
btrd hvers examined The employed substrates are, reading 
from above 3 4 dlchloromtrobenzene (4-C1 replaced), 2 4 
&mtrochlorobenzene (C1 replaced), 4 mtro pyndlne N-oxide 
and 2.3.5.6 tetrachloromtrobenzene (replacement of the 
rutro groups). A = pheasant (Phastanus colchtcus), B = coot 
(Fuhca atra), C = great crested grebe (Podtceps cnstatus), D = 
goosander (Mergus merganser), E = e]der (Somatena molhs- 
stma), F = tufted duck (Aythya fuhgula) and G = common 

gull (juv) (Larus canus) 
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placement of Cl atoms or mtro groups Wit and 
Leeuwangh (1968) also found a close similarity between 

the glutathaone S-aryl transferase properties m rat hver 
and pigeon liver preparations Species differences be- 
came apparent when competltwe substrates were used 
The absence from liver preparations of the great crested 

grebe of an enzyme releasing NO2-1ons from 4 nitro- 
pyrldine N-oxide indicates an additional species dlffer- 

:nce among birds 
Wit and Snel (1968) speculated upon the possible 

involvement of dietary factors in the evolution of en- 
zymes dealing with the metabohsm of foreign com- 
pouuds, suggesting that carnivorous birds are less 
likely to encounter foreign substances in their natural 
diet than are the herbivorous species. An extension of 
this view might be that birds which mainly eat seeds 
would be better able to inactivate foreign compounds 
than birds with a less specialized vegetable &et c f the 
pheasant and the coot. This aspect needs further atten- 
tion 

Most compounds containing nitro groups are man- 
made and it was of interest to know if natural nitro 
compounds were known to exist in the plant kingdom 
Besides chloramphenicol, references were found in the 

literature to azomyclne (2 nitro lmidazol, occurring 
in Nocardta mesentertca and in S. euroctdtcus,  see 

Umezawa (1967)), 3-nitroproplonic acid occurring in 
"Tralhng indigo" (lndtgofera endecaphylla Jacq) 
and m Viola odorata (Sweet violet) and the "Aristo- 
toehia acids", occurring m several species of the Aristo- 
lochxaceae (see Paller, 1960) These findings may indi- 
cate that organic nitro compounds are met more often 

by herbivores than by carnivores. 
The results of the present investigation demonstrate 

the presence of glutathmne S-Aryltransferase activity 
in the livers of wild bird species but cautmn towards 
an extrapolation of the m vttro experiment to meta- 

bohc routes m vlvo is recommended. 
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