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Abstract-The effects of various compounds on the N-demethylation of dimethylnitrosamine (DMN) 
were investigated and grouped into three different categories according to their effects on both 
DMN-demethylase I and II (using 4 and 200 mM DMN concentrations respectively). 3-Methylchol- 
anthrene (3-MC), /?-naphthoflavone (BNF), Aroclor 1254, benzo[a]pyrene (BP), and phenobarbital 
(PB) pretreatments decreased the activity of demethylase I, but they increased or had no effect on the 
activity of the second enzyme. Chlorpromazine pretreatment did not alter the activity of demethylase 
I whereas the activity of II was enhanced significantly. Feeding tryptophan and indole to rats, on the 
other hand, increased the activities of both demethylases as well as the cytochrome P-450 content. 

It is generally recognized that dimethylnitrosamine 
(DMN), like most chemical carcinogens, must be 
activated by hepatic microsomal enzymes, DMN- 
demethylases, to exert its hepatotoxic and carcino- 
genic effects in a wide variety of mammalian species, 
including the rat [l]. Several reports indicate there 
are at least two demethylases, DMN-demethylase 
I and II, operating at low and high substrate con- 
centrations, respectively, which accomplish the N- 
demethylation of DMN [2-51. The demethylase 
activities can be altered by a variety of factors includ- 
ing drugs, foreign compounds, dietary components, 
and nutritional status [2-131. In studies on the influ- 
ence of some nutritional factors on the demethylation 
of DMN, it was found that tryptophan and indole 
affected the activity of DMN-demethylase I 
[5,10,11]. It was therefore decided to investigate 
further the influence of tryptophan and indole as 
well as other microsomal enzyme inducers [Aroclor 
1254, phenobarbital (PB), Pnaphthoflavone (/?-NF), 
3-methylcholanthrene (3-MC), benzo[a]pyrene 
(BP), and chlorpromazine hydrochloride (CPZ)] on 
both DMN-demethylases I and II. The results indi- 
cate that tryptophan and indole may represent a new 
class of microsomal enzyme inducers, the effects of 
which differ from those produced by the other com- 
pounds studied. 
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MATERIALS AND METHODS 

Animals. Young male Fischer rats (Charles River 
Breeding Laboratories, Inc., Wilmington, MA), 
weighing 60-100 g, were used. The animals were fed 
Wayne meal (Frederick Feed & Supply, Inc., Spring 
Valley, NY) and had free access to food and water 
unless otherwise stated. 

Administration schedules. Aroclor 1254 (Mon- 
santo, St. Louis, MO), was administered in corn oil, 
i.p., for 4 consecutive days, at a daily dose of 400 
mg/kg body weight. PNF (Aldrich Chemical Co., 
Milwaukee, WI) was administered i.p., in corn oil, 
for 2 consecutive days, at a daily dose of 80 mglkg 
body weight. 3-MC (Eastman Organic Chemicals, 
Rochester, NY) and BP (Sigma Chemical Co., St. 
Louis, MO) were each administered as a single i.p. 
injection in corn oil at the dose level of 40 mg/kg 
body weight. PB (Mallinckrodt Chemical Works, St. 
Louis, MO) was administered in 0.9% NaCl, i.p., 
for 3 consecutive days at a daily dose of 75 mglkg 
body weight. CPZ (a gift from Smith, Kline and 
French Laboratories, Philidelphia, PA) was admin- 
istered in 0.9% NaCl as a single i.p. injection of 45 
mgikg body weight or as a daily dose of 20 mg/kg 
body weight for 6 days. The corresponding controls 
for each treatment received an equal volume of the 
vehicle. The animals were killed 24 hr after the last 
injection except in the repeated CPZ treatment 
where they were killed 2 hr after the last injection 
of the drug. L-Tryptophan (Fisher Chemical Co., 
Pittsburgh, PA) and indole (Calbiochem-Behring 
Co., La Jolla, CA) were mixed in Wayne meal to 
give a 1% concentration and were fed to rats for 8 
days prior to killing them. The controls received 
Wayne meal alone. 

Enzyme determinations. Animals were killed by 
decapitation. Livers were homogenized in 4 vol. 
(w/v) of 0.1 M potassium phosphate buffer, pH 7.4, 
and centrifuged for 20 min at 12,000 g. The super- 
natant fraction was centrifuged at 105,000 g for 60 
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min, producing the microsomal pellet which was 
suspended in 0.1 M potassium phosphate buffer, pH 
7.4. Microsomal DMN-demethylases were deter- 
mined as described earlier [2] using the method of 
Venkatesan et&. [14]. Substrate concentrations were 
4 and 200 mM, which represented saturation levels 
for DMN-demethylases I and II respectively [3]. The 
amount of formaldehyde formed was determined by 
the method of Nash [15] with some modifications 
[l&17]. The activity of the enzyme was expressed 
as nmoles of formaldehyde * hr-’ . (mg microsomal 
protein)-‘. Cytochrome P-450 was determined by 
the method of Omura and Sato [18], using 91 
mM_’ x cm-’ as molar extinction coefficient for the 
reduced cytochrome P-450X0 complex. Protein 
was determined by the method of Lowry et al. [19]. 

RESULTS 

In these studies, the effects of various microsomal 
enzyme inducers on the DMN-demethylase system 
were classified into three different categories accord- 
ing to their effects on DMN-demethylases I and II. 

Table 1 gives data on the compounds that 
depressed the activity of DMN-demethylase I but 
which either enhanced or had no effect on the activity 
of DMN-demethylase II. These compounds were 
Aroclor 1254, PB, /!l-NF, 3-MC, and BP. Pretreat- 
ment with 3-MC, PNF, Aroclor 1254, BP, and PB 
reduced, in decreasing order of potency, the activity 
of DMN-demethylase I. DMN-demethylase II, on 
the other hand, responded differently under such 
conditions, for its activity was greatly enhanced by 
Aroclor 1254 and PB pretreatments. The enhancing 
ability, however, was much less in PNF-pretreated 
rats. 3-MC and BP pretreatment had no effect on 
this enzyme. The liver: body weight ratio and micro- 
somal protein content were greatly increased by 
Aroclor 1254 and, to a lesser extent, by PB pre- 
treatment. Such changes were not observed in @- 
NF-, BP- and 3-MC-pretreated rats. 

The effects of CPZ pretreatment differed from 
those of the compounds in Table 1. It caused no 
change in the activity of DMN demethylase I but a 
marked increase in the activity of DMN-demethylase 
II (Table 2). This effect was more pronounced when 
the animals were given a high dose of CPZ (45 
mg/kg, as a single i.p. administration) than when a 
series of low doses (20 mg/kg, daily, for 6 days) was 
administered. However, neither single nor repeated 
CPZ pretreatment significantly altered the micro- 
somal protein content and the liver: body weight 
ratio (Table 2). 

Another type of effect was observed after feeding 
tryptophan or indole to rats at the 1% level for 8 
days (Table 3). Contrary to the effects produced by 
the other substances, these compounds greatly 
enhanced DMN-demethylase I activity. Indole feed- 
ing resulted in a 262 per cent increase, whereas 
tryptophan feeding produced a 70 per cent increase. 
DMN-demethylase II responded in the same manner 
as DMN-demethylase I. The activity was increased 
by 111 and 33 per cent in indole- and tryptophan- 
fed rats respectively. The liver: body weight ratios 
were slightly increased in both cases, but the micro- 
somal protein content was not affected. As can be 

seen from Table 4, the concentration of cytochrome 
P-450 increased during both tryptophan and indole 
feeding, but the increase was much higher in 
indole-fed rats. 

DISCUSSION 

The biotransformation of a carcinogen may yield 
either less harmful derivatives or active intermedi- 
ates that are more toxic and carcinogenic. By far, 
the greatest number of such biotransformations are 
mediated through the mixed-function oxidases of the 
liver microsomes. Alterations in these enzyme activi- 
ties, therefore, may affect both the toxicity and car- 
cinogenicity of these compounds, as well as the rates 
at which various carcinogens are metabolized. The 
present studies on the effects of various microsomal 
enzyme inducers on the activities of both DMN- 
demethylases show that pretreatment of rats with 
Aroclor 1254, PB, and /!-NF decreased DMN- 
demethylase I activity and markedly increased the 
activity of DMN-demethylase II. 3-MC and BP pre- 
treatments decreased the activity of the first enzyme 
but did not alter significantly the activity of the 
second, in partial agreement with previous reports 
[3]. The microsomal enzyme inducers decrease the 
activity of DMN-demethylase I apparently by 
depressing de nouo synthesis of enzyme [20]. The 
increases in liver: body weight ratio produced by 
Aroclor 1254 and PB may reflect the abilities of these 
compounds to increase the absolute weight of the 
liver, as well as the microsomal protein content. 
Thus, the increase in the liver weight may partially 
be a result of an actual increase in the de nova 
synthesis of hepatocyte proteins. Pretreatment of 
rats with /?-NF, BP, and 3-MC did not alter either 
the liver: body weight ratio or the microsomal protein 
content significantly. 

As reported previously, single or repeated CPZ 
pretreatment did not affect DMN-demethylase I 
activity but significantly increased the activity of 
DMN-demethylase II [2]. In our previous paper it 
was suggested that the induction of DMN-demethyl- 
ase II might reflect a specific response of the CPZ- 
pretreated microsomal protein which, in turn, 
resulted in changes in the enzyme activity [2]. DMN 
and diethylnitrosamine at high concentrations, anal- 
ogous to those for DMN-demethylase II, were 
reported to bring about conformational changes in 
proteins [21,22]. 

The present work, as well as our previous reports 
[lo, 111, showed that feeding either indole or tryp- 
tophan enhanced the activity of both DMN-deme- 
thylases. Arcos et al. [4], however, found that 
although tryptophan had such an effect, under their 
experimental conditions indole did not. The varia- 
tion might be explained by the fact that they gave 
a single i.p. dose of indole 24 hr before killing the 
animals whereas in our study the rats were fed indole 
for 8 days. Nevertheless, the tryptophan or indole 
treatment, although increasing the liver: body weight 
ratio by 12-14 per cent, had no influence on hepatic 
microsomal protein content. The results thus suggest 
that tryptophan and indole may be examples of 
another class of microsomal enzyme inducers, since 



T
ab

le
 

1.
 E

ff
ec

ts
 

of
 A

ro
cl

or
 

12
54

, 
ph

en
ob

ar
bi

ta
l, 

bn
ap

ht
ho

fl
av

on
e,

 
3-

m
et

hy
lc

ho
la

nt
hr

en
e 

an
d 

be
nz

o[
a]

py
re

ne
 

on
 h

ep
at

ic
 

D
M

N
-d

em
et

hy
la

se
 

ac
tiv

iti
es

 
in

 t
he

 
ra

t 

T
re

at
m

en
t*

 

L
iv

er
: 

bo
dy

 
w

ei
gh

t 
M

ic
ro

so
m

al
 

pr
ot

ei
n?

 
ra

tio
? 

(m
g/

g 
liv

er
) 

C
on

tr
ol

 
E

xp
tl.

 
C

on
tr

ol
 

E
xp

tl.
 

D
M

N
-d

em
et

hy
la

se
 

I 
ac

tiv
ity

?,
+

 
[n

m
ol

es
 

H
C

H
O

 . 
hr

r’
 

(m
g 

m
ic

ro
so

m
al

 
pr

ot
ei

n)
)‘

] 

C
on

tr
ol

 
E

xp
tl.

 

D
M

N
-d

em
et

hy
la

se
 

II
 

ac
tiv

ity
t,§

 
[n

m
ol

es
 

H
C

H
O

.h
r-

“(
m

g 
m

ic
ro

so
m

al
 

pr
ot

ei
n)

-‘
] 

C
on

tr
ol

 
E

xp
tl.

 

A
ro

cl
br

 
12

54
 

(4
00

 m
g/

kg
 b

od
y 

w
t, 

i.p
., 

in
 c

or
n 

oi
l, 

da
ily

, 
fo

r 
4 

da
ys

) 
Ph

en
ob

ar
bi

ta
l 

(7
5 

m
g/

kg
 b

od
y 

w
t, 

i.p
., 

in
 s

al
in

e,
 

da
ily

, 
fo

r 
3 

da
ys

) 
B

N
ap

ht
ho

fl
av

on
e 

(8
0 

m
g/

kg
 b

od
y 

w
t, 

t.p
., 

in
 c

or
n 

oi
l, 

da
ily

, 
fo

r 
2 

da
ys

) 
3-

M
et

hy
lc

ho
la

nt
hr

en
e 

(4
0 

m
g/

kg
 b

od
y 

w
t, 

i.p
., 

in
 c

or
n 

oi
l 

24
 h

r 
pr

io
r 

to
 k

ill
in

g 
ra

ts
) 

B
en

zo
[a

]p
yr

en
e 

(4
0 

m
g/

kg
 b

od
y 

w
t, 

t.p
., 

in
 c

or
n 

oi
l, 

24
 h

r 
pr

io
r 

to
 k

ill
in

g 
ra

ts
) 

4.
20

 2
 0

.1
1 

7.
10

 *
 0

.3
5 

(6
9%

 i
nc

re
as

e)
 

P 
<

 0
.0

05
 

4.
33

 +
 0

.1
2 

5.
89

 f
 

0.
17

 
(3

6%
 i

nc
re

as
e)

 
P 

<
 

0.
00

5 

4.
18

 ?
 0

.3
8 

4.
78

 +
 0

.4
8 

N
o 

ef
fe

ct
 

N
S]

] 

4.
20

 ?
 0

.1
5 

4.
50

 t
 

0.
17

 
N

o 
ef

fe
ct

 
N

S 

3.
94

 f
 

0.
17

 
4.

28
 c

 0
.1

9 
N

o 
ef

fe
ct

 
N

S 

11
.8

0 
+

 0
.5

8 
20

.2
0 

? 
0.

69
 

(7
1%

 i
nc

re
as

e)
 

P 
<

 0
.0

05
 

13
.9

8 
f 

0.
78

 
17

.0
8 

? 
0.

69
 

(2
2%

 i
nc

re
as

e)
 

P 
<

 0
.0

1 

11
.8

0 
t 

0.
69

 
11

.7
0 

t 
0.

51
 

N
o 

ef
fe

ct
 

N
S 

12
.0

5 
+-

 0
.7

2 
13

.0
2 

t 
0.

65
 

N
o 

ef
fe

ct
 

N
S 

13
.0

0 
* 

0.
95

 
14

.2
9 

5 
0.

67
 

N
o 

ef
fe

ct
 

N
S 

36
.1

0 
* 

2.
35

 
15

.1
1 

? 
3.

14
 

(5
8%

 d
ec

re
as

e)
 

P 
<

 0
.0

05
 

33
.6

5 
* 

3.
31

 
26

.0
0 

f 
2.

82
 

(2
3%

 d
ec

re
as

e)
 

P 
<

 0
.0

05
 

39
.8

2 
2 

3.
34

 
12

.2
0 

2 
1.

11
 

(6
9%

 d
ec

re
as

e)
 

P 
<

 0
.0

05
 

40
.2

0 
2 

3.
35

 
11

.3
8 

t 
1.

86
 

(7
2%

 d
ec

re
as

e)
 

P 
<

 0
.0

05
 

48
.0

0 
2 

3.
72

 
34

.6
5 

t 
3.

31
 

(3
9%

 d
ec

re
as

e)
 

P 
<

 0
.0

1 

82
.9

4 
2 

6.
25

 
20

8.
52

 t
 

32
.0

3 
(1

51
%

 i
nc

re
as

e)
 

P 
<

 0
.0

05
 

83
.4

1 
-c

 5
.8

0 
20

5.
62

 ?
 

12
.3

3 

88
.8

6 
? 

7.
63

 
12

8.
98

 2
 1

5.
40

 
(4

5%
 i

nc
re

as
e)

 
P 

<
 0

.0
25

 

92
.4

4 
2 

5.
82

 
10

3.
12

 ‘
- 

5.
21

 
N

o 
ef

fe
ct

 
N

S 

11
6.

11
 2

 5
.5

7 
11

0.
57

 2
 5

.4
5 

N
o 

ef
fe

ct
 

N
S 

* 
C

on
tr

ol
 

ra
ts

 r
ec

ei
ve

d 
an

 e
qu

iv
al

en
t 

vo
lu

m
e 

of
 t

he
 v

eh
ic

le
 

an
d 

w
er

e 
as

sa
ye

d 
to

ge
th

er
 

w
ith

 t
he

 e
xp

er
im

en
ta

l 
ra

ts
. 

t 
V

al
ue

s 
ar

e 
th

e 
m

ea
n 

* 
S.

E
. 

of
 s

ix
 r

at
s.

 
$ 

A
 4

 m
M

 c
on

ce
nt

ra
tio

n 
of

 D
M

N
 

w
as

 u
se

d.
 

§ 
A

 2
00

 m
M

 c
on

ce
nt

ra
tio

n 
of

 D
M

N
 

w
as

 u
se

d.
 

]]
 V

al
ue

 
is

 n
ot

 s
ig

ni
fi

ca
nt

 
st

at
is

tic
al

ly
. 



T
ab

le
 

2.
 E

ff
ec

ts
 

of
 c

hl
or

pr
om

az
in

e 
pr

et
re

at
m

en
t 

on
 h

ep
at

ic
 

D
M

N
-d

em
et

hy
la

se
 

ac
tiv

iti
es

 
in

 t
he

 
ra

t 

T
re

at
m

en
t*

 

C
hl

or
pr

om
az

m
e 

(4
5 

m
g/

kg
 b

od
y 

w
t, 

i.p
., 

in
 s

al
in

e,
 

24
 h

r 
pr

io
r 

to
 

ki
lli

ng
 r

at
s)

 
C

hl
or

pr
om

az
in

e 
(2

0 
m

g/
kg

 b
os

dy
w

;, 
i.p

., 
in

 
da

ily
, 

fo
r 

6 
da

ys
) 

L
iv

er
: 

bo
dy

 w
ei

gh
t 

M
ic

ro
so

m
al

 
pr

ot
ei

n?
 

ra
tio

?*
 

(m
g/

g 
liv

er
) 

C
on

tr
ol

 
E

xp
tl.

 
C

on
tr

ol
 

E
xp

tl.
 

4.
08

 +
 0

.1
0 

4.
28

 t
 

0.
12

 
13

.1
3 

c 
0.

82
 

14
.2

2 
r 

0.
93

 
N

o 
ef

fe
ct

 
N

o 
ef

fe
ct

 
N

S*
* 

N
S 

4.
18

 r
f:

 0
.1

1 
4.

37
 t

 
0.

14
 

13
.4

8 
2 

0.
94

 
14

.3
2 

z!
z 0

.8
8 

N
o 

ef
fe

ct
 

N
o 

ef
fe

ct
 

N
S 

N
S 

D
M

N
-d

em
et

hy
la

se
 

I 
ac

tiv
ity

?9
11

 

C
on

tr
ol

 
E

xp
tt.

 

40
.2

1 
rt

 3
.1

0 
38

.5
2 

? 
4.

21
 

N
o 

ef
fe

ct
 

N
S 

44
.2

1 
z?

z 4
.8

1 
40

.2
4 

2 
6.

22
 

N
o 

ef
fe

ct
 

N
S 

D
M

N
-d

em
et

hy
la

se
 

II
 

ac
tiv

ity
t§

[i
 

C
on

tr
ol

 
E

xp
tl.

 

91
.8

2 
* 

8.
20

 
15

8.
42

 t 
13

.2
1 

(7
3%

 i
nc

re
as

e)
 

P 
<

 0
.0

05
 

74
.8

8 
t 

9.
10

 
11

4.
22

 +
 1

0.
21

 
(5

3%
 

in
cr

ea
se

) 
P 

<
 0

.0
1 

* 
C

on
tr

ol
s 

re
ce

iv
ed

 
an

 e
qu

iv
al

en
t 

vo
lu

m
e 

of
 v

eh
ic

le
 

an
d 

w
er

e 
as

sa
ye

d 
to

ge
th

er
 

w
ith

 t
he

 e
xp

er
im

en
ta

l 
ra

ts
. 

i 
V

al
ue

s 
ar

e 
th

e 
m

ea
ns

 
? 

S.
E

. 
of

 s
ev

en
 

ra
ts

. 
$ 

R
at

io
s 

ar
e 

g 
1i

ve
r:

g 
bo

dy
 w

t. 
$ 

A
ct

iv
ity

 
is

 e
xp

re
ss

ed
 

as
 n

m
ol

es
 

H
C

H
O

. 
hr

~i
 ‘

(m
g 

m
ic

ro
so

m
al

 
pr

ot
ei

n)
)‘

. 
11

 A
 4

 m
M

 c
on

ce
nt

ra
tio

n 
of

 D
M

N
 w

as
 u

se
d.

 
11

 A
 2

00
 m

M
 c

on
ce

nt
ra

tio
n 

of
 D

M
N

 
w

as
 u

se
d.

 
**

V
al

ue
 

is
 n

ot
 s

ig
ni

fi
ca

nt
 

st
at

is
tic

al
ly

. 

T
ab

le
 

3.
 E

ff
ec

ts
 

of
 t

ry
pt

op
ha

n 
an

d 
in

do
le

 
fe

ed
in

g 
on

 h
ep

at
ic

 
D

M
N

-d
em

et
hy

la
se

 
ac

tiv
iti

es
 

in
 t

he
 r

at
 

L
iv

er
: 

bo
dy

 w
ei

gh
t 

M
ic

ro
so

m
al

 
pr

ot
ei

n?
 

D
M

N
-d

em
et

hy
la

se
 

I 
D

M
N

-d
em

et
hy

la
se

 
II

 
ra

tio
t$

 
(m

g/
g 

liv
er

) 
ac

tiv
ity

t5
n 

ac
tiv

ity
t$

y 

T
re

at
m

en
t*

 
C

on
tr

ol
 

E
xp

tl.
 

C
on

tr
ol

 
E

xp
tl.

 
C

on
tr

ol
 

E
xp

tl.
 

C
on

tr
ol

 
E

xp
tl.

 

r.
-T

ry
pt

op
ha

n 
4.

20
 L

 0
.0

9 
4.

70
 r

 
0.

10
 

12
.2

3 
+

 0
.8

4 
13

.1
8 

+
 0

.5
8 

42
.8

1 
t-

 3
.2

1 
72

.X
5 

t 
6.

10
 

96
.9

8 
? 

9.
21

 
12

9.
22

 i
- 

12
.7

8 
(1

%
 i

n 
th

e 
di

et
 

(1
2%

 i
nc

re
as

e)
 

N
o 

ef
fe

ct
 

(7
0%

 i
nc

re
as

e)
 

(3
3%

 i
nc

re
as

e)
 

fo
r 

8 
da

ys
, 

pr
io

r 
to

 
P 

<
 0

.0
05

 
N

S*
* 

P 
<

 0
.0

05
 

P 
<

 0
.0

5 
ki

lli
ng

 r
at

s)
 

In
do

le
 

4.
23

 i
_ 

0.
13

 
4.

82
 +

 0
.1

5 
13

.0
8 

t 
0.

58
 

14
.4

2 
t 

0.
66

 
36

.7
1 

t 
4.

28
 

13
2.

80
 +

 1
0.

36
 

84
.6

1 
+

 9
.2

1 
17

8.
32

 +
 1

3.
68

 
(1

%
 i

n 
th

e 
di

et
 

(1
4%

 i
nc

re
as

e)
 

N
o 

ef
fe

ct
 

(2
62

%
 i

nc
re

as
e)

 
(1

11
%

 i
nc

re
as

e)
 

fo
r 

8 
da

ys
, 

pr
io

r 
to

 
P 

<
 0

.0
1 

N
S 

P 
<

 0
.0

05
 

P 
<

 0
.0

05
 

ki
lli

ng
 r

at
s)

 

* 
C

on
tr

ol
s 

w
er

e 
fe

d 
W

ay
ne

 
m

ea
l. 

t 
V

al
ue

s 
ar

e 
th

e 
m

ea
ns

 
2 

SE
. 

of
 e

ig
ht

 
ra

ts
. 

$ 
R

at
io

s 
ar

e 
g 

1i
ve

r:
g 

bo
dy

 w
t. 

5 
A

ct
iv

ity
 

is
 e

xp
re

ss
ed

 
as

 n
m

ol
es

 
H

C
H

O
 .

 h
r-

’ 
(m

g 
m

ic
ro

so
m

al
 

pr
ot

ei
n)

)‘
. 

jl 
A

 4
 m

M
 c

on
ce

nt
ra

tio
n 

of
 D

M
N

 w
as

 u
se

d.
 

1 
A

 2
00

 m
M

 c
on

ce
nt

ra
tio

n 
of

 D
M

N
 w

as
 u

se
d.

 
**

 V
al

ue
 i

s 
no

t 
si

gn
if

ic
an

t 
st

at
is

tic
al

ly
. 



Enzyme inducers and DMN-demethylase 2011 

Table 4. Effects of tryptophan and indole feeding on the RR~REN~ES 
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