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Pathways  for the metabol ic  disposit ion o$ DDT in many rodents have 
been worked out on the basis of ch romatography  (Peterson and Robison 
1964; Gold and Brunk 1992) and rad io - t r ace r  techniques (I3atta t970; 
Nelson 1970). However ,  enzymes  ca ta lyz ing  the reac t ions  of metabo l ic  
pa thway are  not well understood. Cy toch rome  P-450 which is now 
classif ied as xenobiotics mono-oxygenase  (EC 1.1tkl9.1) is known to 
per form a cent ra l  role in the de toxica t ion  of foreign compounds (Coon 
and Persson 19g0), even though its contr ibut ion in DDT-detoxica t ion  
has been poorly known. 

Cy tochrome  P-450 is a mul t i - enzyme sys tem which has been resolved 
into th ree  components :  cy toch rome  P-450, NADPH cy toch rome  c(P-450) 
reduc tase  and phosphatidylcholine (Lu et  al. 1969). The role of cy to -  
ch rome  P-#50 in the de toxica t ion  of DDT to DDD was suggested by 
Walker (1969) and la ter  conf i rmed (Baker and Van dyke 1984; Zaidi 
and Baner jee  1987). However ,  it is still unclear  whether  the numerous 
ac t iv i t i es  a t t r ibu ted  to cy toch rome  P-450 sys tem reside in one or 
more  forms  of this p igment ,  or in the  other  components  of this enzyme  
sys tem.  The essent ial  components  required for the hydroxylat ion of 
a var ie ty  of subs t ra tes  in recons t i tu ted  sys tem were repor ted  to be 
cy toch rome  P-450, NADPH cy toch rome  c(P-450) reductase ,  and phospha- 
t idylcholine (Van der Hoeven 1974; Yasukochi e t  al. 1979). However ,  
the re  is a growing awareness  tha t  NADPH cy toch rome  c(P-#50) reduc tase  
may funct ion in some physiologically impor tan t  react ions  without 
involving the ac t iv i ty  of cy toch rome  P-450 (Yoshida and Kikuchi 1978; 
Fukushima et al. 1983). 

In cont inuat ion of our previous studies,  repor ted  recent ly  f rom this 
labora tory  on the e n z y m a t i c  de toxica t ion  of DDT (Zaidi and Banerjee 
1987), this paper  provides evidence  for the involvement  of NADPH 
cy toch rome  P-450 reduc tase  in the de toxica t ion  of DDT to DDD without  
involving the  ac t iv i ty  of cy tochrome  P-450. 

Send repr in t  requests  to S.S.A. Zaidi at  Nat ional  Inst i tute  of 
Occupat ional  Health,  Meghani Nagar,  Ahmedabad-330016,  
Gujara t  (India). 
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MATERIALS AND METHODS 

DDT and DDD were purchased f rom Aldrich Chemical  Co., Milwaukee 
WI. These compounds were recrys ta l l ized  in 95% ethanol  to yield 
a pure substance.  Analysis of these  compounds by gas chromatography  
(GC) indicated the puri ty g rea te r  than 99%. Chromosorb WHP 1.5% 
OV 17 + 1.95% OV 202 was obtained f rom Packard  Ins t rument  BV, 
Netherlands.  DEAE-cellulose D-52 (Whatman, England), calcium hydroxyl-  
apa t i t e  gel (Sigma Chemical  Co., USA) and Sephadex G-200 (Pharmac ia  
Fine Chemicals ,  Sweden) were used as chromatographic  media.  Other  
chemicals  used in the study were  of analy t ica l  reagent  grade.  

Male albino ra ts  (8 animals) weighing 150-160g were  injected with 
DDT (50mg/kg body weight) every  2# hr for seven days to induce micro-  
somal cy toch rome  P-#50 enzyme  sys tem.  The animals  were  mainta ined 
on labora tory  diet and wate r  ad l ibitum. Analysis of six random die tary  
samples  by GC showed insignificant  level of DDT-residues.  Rats  were  
sacr i f iced by decapi ta t ion  a f t e r  72 hr of the last adminis te red  dose. 
Liver mic rosomes  were  prepared  and solubilised according to the  pro-  
cedure  as described by Comai  and Gaylor (1973). All procedures  were 
pe r fo rmed  at  ~~ except  as noted. 

The solubilised microsomes  (325mg) were immedia te ly  chromatographed  
on a DEAE-celtulose column (20 x 2.2 cm) previously equi l ibrated 
with 0.1M t r i s -buffer ,  pH 7.6 containing 0.0w deoxycholate ,  0.1raM 
di thiothrei tol  and 20% glycerol .  The column was washed with 200 
ml of equil ibrat ion buffer  and then the protein was eluted with a s tep-  
wise gradient  of potass ium chloride, each prepared  in 200 ml ol equili~ 
brat ion buffer  a t  a concen t ra t ion  of 0.2M KCt, 0.35M KCI, and 0.6M 
KCI. Frac t ions  of 5 ml each  a t  a flow ra te  of 1 ml/min were  col lected.  
The e lua te  was monitored,  as described below, for the f rac t ions  ac t ive  
in the detoxicat ion of DDT to DDD as well as in the reduct ion of 
cy toch rome  c. The peak reductase  f rac t ions  eluted with equil ibration 
buf ler  containing 0.35M KCI were pooled and concen t r a t ed  by hydroxyl-  
a p a t i t e  column as previously described by Dignam and Strobel (1975). 
Fur ther  pur i f icat ion of the reductase  was pe r fo rmed  by ge l -pe rmea t ion  
ch romatography  using a column of Sephadex G-200. The concen t ra ted  
protein was applied to Sephadex G-200 column (1.5 x 75 cm) previously 
equi l ibrated with 0.1M t r i s -buffer ,  pH 7.6 containing 0.05% deoxycho-  
!ate,  0.1mM dithiothrei tol  and 20% glycerol .  Protein was eluted with 
equil ibrat ion buffer .  The flow ra te  was adjusted to 30 ml/hr  and f rac -  
tions of 3 ml each were  col lected.  Fract ions  ac t ive  in the de toxica t ion  
of DDT to DDD and in the reduct ion of cy toch rome  c were  localized 
as described.  Act ive peak f rac t ions  were  pooled, concen t ra t ed  by 
hydroxylapa t i t e  column and dialysed against  20 volume of 0.01M tr is-  
buffer ,  pH 7.8, containing 0.1mM dithiothrei tol .  The purified reduc tase  
was used for subsequent studies. 

The enzyme  ac t iv i ty  for the de toxica t ion  of DDT to DDD was measured 

by GC according to our recent ly  published procedure  (Zaidi and Banerjee 
(1987) and was based on the measu remen t  ol DDD as the metabol ised  
product  oI DDT. In brief,  the assay method is as follows. In a final 
volume of 3.5 ml, 35.2 n tool DDT, dissolved in 25 gl ethanol,  was 
added to an ice cold Er lenmeyer  I lask (25 ml) tha t  contained 1 ml 
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enzyme  of appropr ia te  concent ra t ion ,  an NADPH generat ing sys tem 
(0.59 m tool NADP, 3.75 m mol glucose 6-phosphate  and 3.5 Kornberg 
units oi glucose 6-phosphate  dehydrogenase),  5.62 m mol MgCI 2 and 
50 m mol t r i s -bu i fe r ,  pH 7.8. Incubation was pe r fo rmed  for t hr 
a t  37~ under anaerobic  condition. The reac t ion  was t e rmina ted  by 
1 ml of HCIOt~ (20% v/v) and the product  DDD and undegraded subs t ra te  
DDT were  ex t r ac t ed  three  t imes  with l0 vol. of a mix ture  of hexane 
and ace tone  (4:1). The e x t r a c t  was purified by ilorisiI and taken  into 
2 ml oi hexane.  An appropr ia te  volume (2)-d) was injected into Packard  
gas chromatograph .  Conditions were:  s t a t ionary  phase, Chromosorb 
WHP coa ted  with 1.5% OV 17 + 1.95% OV 202; ca r r ie r  gas, N 2 (120 
ml/min);  t e m p e r a t u r e  of de t ec to r  and column, 195~ each;  inject ion 
port ,  220~ and out le t  200~ Quan t i t a t ive  analysis of DDD was 
e f f e c t e d  by comparing the peak height with those obtained f rom a 
c h r o m a t o g r a m  of s tandard DDD with a known concent ra t ion .  One 
unit of the  enzyme ac t iv i ty  was expressed as the amount  of the  reduct -  
ase tha t  fo rms  one n mol DDD/hr.  Specif ic ac t iv i ty  was defined as 
unit /rag of protein.  

NADPH cy toch rome  P-450 reductase  ac t iv i ty  was e s t ima ted  spec t ro -  
pho tomet r i ca l ly  a t  550 nm by measuring the reduct ion of cy toch rome  
c as a convenient  and indirect  measure  of NADPH cy toch rome  P-450 
reduc tase  ac t iv i ty  according to  the  procedure  of Master  e t  al (1967), 
Po lyacry lamide  gel e lec t rophores is  was carr ied  out in 7,5% ac ry lamide  
gel using t r i s -g lycine  buffer ,  pH g,5 according to the procedure  of 
Davis (196#), Molecular weight de te rmina t ion  on nat ive  enzyme prepara -  
t ion was carr ied  out using a column of Sephadex G-200, 

RESULTS AND DISCUSSION 

DDT is partial ly detoxii ied to DDD by a process of reductive dechlori- 
nation, mediated by the cytochrome P-#50 enzyme system. NADPH 
cytochrome P-450 reductase was separated from the other components 
of cytochrome P-#50 enzyme system and a typical elution profile, 
obtained after DEAE-cellulose column chromatography, is shown in 
Fig. l .  The reductase was eluted with the equilibration buffer containing 
0.35M KCI and was free of cytochrome P-450, cytochrome P-20, cyto- 
chrome b~, and NADH cytochrome b~ reductase. These impurities . ) . 
were removed into column flow through or by washing the column 
with 0.2M KCI in equilibration buffer (Dignam and Strobel 1975). Both 
proteins i.e. cytochrome P-#50 (Peak A) and NADPH cytochrorne P-#50 
reductase(Peak B) were found capable of catalysing the detoxication 
of DDT to DDD (Fig.l). The role of NADPH cytochrome P-450 reduct- 
ase in the detoxication of DDT to DDD has not been reported earlier. 
Results of this study also suggest that the reductase is active in the 
detoxication of DDT to DDD without involving the act iv i ty of cyto- 
chrome P-#50. Similar observations about the functioning of NADPH 
cytochrome P-#50 reductase in some other biochemical reactions with- 
out involving the act iv i ty  of cytochrome P-450 were reported (Yoshida 
and Kikuchi 1978; Fukushima et at. 1983). The enzyme act iv i ty responsi- 
ble for the detoxication of DDT to DDD, and the act iv i ty of NADPH 
cytochrome P-450 reductase for the reduction of cytochrome c appeared 
in the same peak (Peak B) and coincided almost exactly. This suggests, 
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Figure 1. Chromatography  of solubilized microsomes  on DEAE-cellulose 
column. Approximate ly  30 mg of protein was applied to the column 
and the chromatography  was carr ied  out (See Materials  and Methods). 

the reduc tase  ca ta lyzing the reduct ion of cy toch rome  c also ca t a lyzes  
the de toxica t ion  of DDT to DDD. The reductase  f rac t ions  obtained 
a f t e r  DEAE-cellulose chromatography  were fur ther  purified by gel- 
pe rmea t ion  chromatography  and the resul ts  a re  shown in Fig. 2. Both 
reductase  ac t iv i t ies  emerged  in the same peak. 

The purified reductase  migra tes  as a single protein band in po lyacry lamide  
gel e lect rophores is .  Under the condition of assay, the most purif ied 
prepara t ion  of the reductase  ca ta lyzes  the reduct ive  dechlorinat ion 
of DDT to 17.6 n mol DDD/mg of protein/hr ,  and the reduct ion of 
42.2 ).t mol of cy toch rome  c /min /mg  of protein.  The reduct ion of 
cy toch rome  c by the purified NADPH cy toch rome  P-#50 reductase  
was in close a g r e e m e n t  with the values repor ted  by Dignam and Strobet 
(1975). The molecular  weight of the reductase ,  de te rmined  by exclusion 
ch romatography  (Fig. 3) was found to be 76,000 daltons which is in 
accordance  with the molecular  weight repor ted  for de te rgen t  - solubi- 
lized prepara t ion  of NADPH cy toch rome  P-450 reduc tase  (Vermilion 
and Coon 1974~ Dignam and Strobel 1975). The opt imum pH, 7.8, 
for the de toxica t ion  of DDT to DDD as repor ted  ear l ier  by us (Zaidi 
and Banerjee 1987) was found to be in close a g r e e m e n t  with the pH 
repor ted  for NADPH cy toch rome  P-#50 reductase  which ca t a lyzes  
the  reduct ion of cy tochrome  c. Spectra l  proper t ies  of the  reductase  
ca ta lyz ing the de toxica t ion  of DDT to DDD are  in progress.  Results  
of the present  study suggest  tha t  NADPH cy toch rome  P-g50 reductase  
detoxi l ies  DDT to DDD. 
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Figure 2. Sephadex G-200 column chromatography of the reductase  
obtained a f te r  DEAE-cellulose column chromatography.  Approximately 
20 mg of protein was applied to the column and the protein was eluted 
as described (See Materials and Methods). 
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Figure 3. Molecular weight de terminat ion  of native NADPH cy tochrome 
P-t~30 r e d u c t a s e  by exclusion chromatography.  I~elerence proteins 
used were: (a) I~-globulin, (b) hexokinase, (d) Albumin, (e) ovalbumin, 
(I) r ibonuclease,  and (g) cy tochrome  c (horse heart).  The Iilled square 
symbol (c) shows the mean elution volume for NADPH cytochrome 
P-450 reductase .  
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