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Abstract-The subcellular fractionation of rainbow trout liver homogenates prepared in 0.25 M sucrose 
was investigated using marker enzvmes to assess the homogeneity of the resulting fractions. In addition 
to the usual mitochondrial and m>crosomal fractions, an additional fraction was sedimented between 
8~ g for IOmin and 13,300g for 10 min. Of the .four accepted hydrolytic “marker” enzymes for 
rat liver lysosomes. the high relative specific activity (R.S.A.) of acid phosphatase was indicative of 
enrichment in this fraction. The R.S.A. patterns of S-nucleotidase and alkaline phosphatase indicated 
that the plasma membranes of fish liver were sedimenting with “nuclear” and microsomal pellets. 
This latter fraction contained the highest percentage of the total glucose dphosphatase, benzopyrene 
hydroxylase and glucuronyl transferase assayed in the fish liver homogenate before fractionation. The 
R.S.A. of these same enzvmes in the microsomal nellet indicated an enrichment in this fraction relative 

I 

to other cellular fractions. 

In recent years, studies concerning the biotransforma- 
tion and fate of foreign compounds in fish have 
become increasingly important in view of the identifi- 
cation of a variety of organic pollutants in the aquatic 
environment [I, 23. Although early studies indicated 
that fish do not metabolize foreign compounds, it has 
been demonstrated in numerous investigations, both 
in uioo and in vitro, that many species of fish have 
the ability to carry out the biotransformation of xeno- 
biotics [2-71. The biotransformation reactions which 
have been described in fish are similar to those which 
have been extensively studied in mammals and insects 
and include microsomal hydroxylation, dealkylation, 
reduction and conjugation [8-111. As in mammals 
and insects, the microsomal mixed-function oxidase 
system in fish is thought to be inducible by certain 
organic compounds, and increases in the level of ben- 
zopyrene hydroxylase have been correlated with 
water pollution by petroleum components [12-141. 
Although techniques for the separation of rat liver 
subcellular fractions have been extensively studied 
[15], very little has been done to describe or stan- 
dardize a method for fractionation of fish liver. In 
view of the increasing interest in fish liver microsomal 
enzymes and the fact that there are subtle anatomical 
differences between trout liver and rat liver [16], a 
study was undertaken to investigate the optimal con- 
ditions for the subcellular fractionation of rainbow 
trout liver. This report describes the separation and 
marker enzyme profiles of rainbow trout liver subcel- 
lular fractions. 
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MATERIALS AND METHODS 

Rainbow trout (Salmo gairdneri), weighing 
80-lOOg, were purchased from Kettle Moraine 
Springs Trout Hatchery, Adell, WI, and they were 
held in flowing dechlorinated water at 12” with a 
12-hr 1ight:dark photo period for a minimum of 1 
week prior to use. 

All substrates and cofactors needed for the enzyme 
assays described below were obtained from Sigma 
Chemical Co., St. Louis, MO, with the exception that 
5’-AMP was obtained from PL Biochemicals, Mil- 
waukee, WI, and Fraction V bovine plasma albumin 
from Rheis Chemical Co., Kankakee, IL. 3-Trifluoro- 
methyl-l-nitrophenol was obtained from Mr. John 
Howell, U.S. Department of the Interior, Hammond 
Bay, MI. Radioactive 3-trifluoromethyl-4-nitrpphenol 
(i4C ring u.l.), sp. act. 3.7 mCi/m-mole, was obtained 
from the Mallinckrodt Chemical Co., St. Louis, 
MO, [7,10-14C]benzo[a]pyrene, sp. act. 51 mCi/m- 
mole, from Amersham/Searle, Des Plaines, IL, and 
[8-3H]-5’-AMP, sp. act. lOCi/m-mole, from New 
England Nuclear, Boston MA. Radioactive substrates 
were purified by thin-layer chromatography before 
use. 

All other chemical reagents and solvents used in 
the assays described below were of the highest com- 
mercial quality available. 

Preparation of subcellular fractions, The procedure 
for the preparation of fish liver subcellular fractions 
is summarized in Fig. I. Fish .were sacrificed by cervi- 
cal dislocation. The livers were removed, minced and 
then subjected to the homogen~ation and fraction- 
ation procedures listed in Fig. 1. One g of fish liver 
was assumed to have a volume of 1 ml of 0.25 M 
sucrose and was homogenize in 4~01. of 0.25 M 
sucrose. All operations were carried out at 4”. Each 
particulate fraction was suspended in 0.25 M 
sucrose in a volume which was g of the starting 
homogenate and repelieted at the same g force. This 
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second supernatant was then combined with the ori- 
ginal supernatant obtained for the respective fraction 
and subjected to the next higher g force to obtain 
the subsequent fraction. All particulate fractions were 
finally suspended in a volume of 0.25 M sucrose equal 
to that of the starting homogenate. All membranous 
(including starting homogenate) fractions were aiso 
sonified with a Branson sonifier cell disruptor mode1 
W140 D (20,000 Hz, 40 W) amplitude setting of 6, fit- 
ted with a microtip for three (lo-see) periods to give 
a more homogenous suspension. Between each soni- 
cation period, a 30-see period of cooling at 4” was 
introduced to prevent rises in temperature. 

Assay of enzymatic activities. Succinic dehydrogen- 
ase activity was measured using a reaction mixture 
containing 1OmM phosphate (pH 7.4), 1Omg bovine 
plasma albumin, 1 mM KCN, and 1 mg horse heart 
cytochrome c [17] in a final volume of 0.9 ml. After 
recording the baseline at room temperature, the reac- 
tion was initiated by adding 0.1 ml of 50mM sodium 
succinate, and the change in absorbance was 
measured at 55Onm with a 1 cm path in a spectro- 
photometer (Gilford) with a recorder. 

Acid phosphatase was assayed using p-nitrophenyl 
phosphate as substrate [15]. The fi-glucuronidase ac- 
tivity was measured with phenolpthalein glucuronide 
as substrate [lS]. Acid phosphatase, /?-glucuronidase 
and all enzyme assays described below were carried 
out at 25”. This is considered the optimum tempera- 
ture for many of the enzymatic activities of fish 
liver [4] rather than 37”, which is a usual temperature 
for assaying many of the enzyme activities of mam- 
malian preparations. After the acid phosphatase and 
@-glucuronidase assays were stopped, respectively, by 
the addition of 1.0 ml of 2.0 M glycine (pH 10.7) and 
1.5 ml of 0.13 M glycine, 60mM NaCl and 80 mM 
Na,CO, (pH 10.7), the reaction tubes were centri- 
fuged at approximately 30,OOOg for 10 min before 
reading the absorbance at 420 nm. 

~-acetyl-~-glucosaminid~e activity was measured 
utilizing ~-nitrophenyl-~-acetyl-~-~-giu~os~inide as 
substrate [18]. Similar to the assays described for acid 
phosphatase and ~-glu~ronid~e, the reaction tubes, 
after stopping the assay with 2 M NHbOH (pH 10.7), 
were centrifuged at approximately 30,000 g for 10 min 
before reading the absorbance at 420 nm. 

Cathe~in D activity [lS] was assayed using a final 
con~ntration of 0.5% hemoglobin as substrate. After 
the reaction was stopped with 1 ml of 5% trichloro- 
acetic acid (TCA), the samples were centrifuged at ap- 
proximately 30,000 g for 10min and the absorbance 
was read at 280 nm. 

Alkaline phosphatase was assayed by incubating 
the enzyme preparation in a final vofume of OSml 
containing 0.1 M ethanolamine (pH 9.5), .lSmM 
sodium fluoride and 5mM p-nitrophenyl phosphate 
at 25” for 30min. After terminating the reaction with 
1 ml of 2 M glycine (pH 10.7), the samples were centri- 
fuged at approximately 30,000 g for 10min before 
reading the absorbance at 420nm. 

The 5’-nucleotidase assay was carried out at 25” 
with a reaction mixture containing 50mM TES 
[sodium N-tris (hydroxylmethyl) methyl-Zaminoeth- 
ane sulfonic acid] (pH 7.5), 1 mM EDTA, 5 mM 
MgCl* and 0.1 mM C3H]-5’-AMP containing approxi- 
mately 50,OOtl cpm in a final volume of 250 ~1. After 

the incubation period (2Omin), the reaction was ter- 
minated by boiling for 1 min. The E3H]adenosine was 
then separated from the labeled substrate on a small 
4.5-cm column of DEAE-Sephadex A-25, contained 
within a Pasteur pipette. A similar “pencil” column 
technique has been described for the separation of 
labeled adenosine from cyclic AMP, in the assay of 
cyclic nucleotide phosphodiesterase [19]. The 
[3H]-5’-AMP, eluted with 3,Oml of 50mM Tris-HCI 
(pH 7.5), was counted in a Packard liquid scintillation 
spectrometer (model 3310) with lOm1 of a premixed 
scintillation solution (ScintiVerse, Fisher Scientific 
Co.). An aliquot of the assay mixture containing 
C3H]-5’-AMP was counted in 3.0 ml of 50 mM 
Tris-HCl under exactly the same conditions as the 
assay samples; thus, no quench correction was necess- 
ary. 

Rotenone-insensitive NADH or NADPH-cyto- 
chrome c reductase was assayed in the presence of 
1.5/1M rotenone, and the reduction of cytochrome 
c at 550nm was followed [20]. Rotenone for the 
enzyme assay was prepared by the drop-wise addition 
of 200~1 of 0.225 M rotenone in dioxane into 10ml 
of 10% albumin, and 0.1 ml of this mixture was used 
in the assay to give a final rotenone concentration 
of 1.5pM. 

Glucose 6-phosphatase activity was assayed at pH 
6.0 by measuring the inorganic phosphate released 
from glucose 6-phosphate in a reaction mixture 
containing KF and EDTA to minimize the interfer- 
ence in the assay by acid and alkaline phosphatase 
activities [21]. After the reaction was stopped with 
10% TCA, the samples were centrifuged at approxi- 
mately 30,000 g for 10 min, and an aliquot of the clear 
supernatant was assayed for inorganic phosphate with 
ascorbic acid and ammonium molybdate exactly as 
described by Ames [22]. 

UDPGA-ghtcuronyl transferase (indicated subse- 
quently as glucuronyl transferase) was assayed at 25” 
with a reaction mixture containing 1OOmM sodium 
phosphate (PH 7.0), 0.2 mM MgCI,, 5 mM saccharo- 
l&lactone, 0.5 mM UDPGA, and 0.5 mM [‘“Cl-3- 
trifluoromethyl-4-nitrophenol containing approxi- 
mately 3.0 x lo5 cpm in a final volume of 1.0 ml. The 
reaction was stopped after 10 min with 0.2 ml of 10% 
TCA, which was followed by the addition of l.Oml 
water to each tube. Extraction of unreacted labeled 
substrate was done with 4 ml of benzene-ether (1: 1, 
v/v) using a lo-min shaking time with a mechanical 
shaker after which the upper phase was removed by 
aspiration. This was repeated an additional two times. 
An aliquot (0.5ml) of the lower aqueous phase was 
counted in 15 ml of ACS scintillation mixture (Amer- 
sham/Searle). A reaction tube without added 
UDPGA was assayed for each cellular function and 
the radioactivity found under these assay conditions 
was subtracted from that found in the presence of 
UDPGA. 

The benzopyrene hydroxylase assay, used in the 
present study, was based on the assay initially de- 
scribed by Hansen and Fouts [23]. The reaction mix- 
ture contained 0.1 M Tris-HCl (pH 7.4), 5mM glu- 
cose 6-phosphate, 2 units glucose 6-phosphate de- 
hydrogenase, 1 mM NADP, 5 PM [ 14C]benzo[a]pyr- 
ene containing approximately 10’ cpm and enzyme 
in a final volume of 2.5 ml. The reaction was stopped 
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after 5 min with 1.0 ml of cold acetone and placed 
in an ice bath (4”). Hexane (5.0 ml) was added to each 
sample and the mixture was shaken for 20min. Then 
2N NaOH (2.5ml) was added to each tube and the 
shaking was continued for additional 20min. The 
samples were then centrifuged at 25OOrev/min with 
an IEC centrifuge for 10 min, the upper (hexane) layer 
was aspirated off, and a l.O-ml aliquot of the aqueous 
layer was counted in a liquid scintillation spec- 
trometer with 15 ml of ACS scintillation mixture in 
the presence of 100~1 of glacial acetic acid to mini- 
mize chemiluminescense. 

Livers were minced and homogenued in four volumes of 0.25M 

sucrose with a motor-driven Teflon-glass homogenizer (6 strokes). 

Centrifuged at 600 g av for 20 min. 

I 

I 1 
Nuclear pellet (N) supernatant 

Centrif&d at 8,000 g av for 10 min. 

Heavy matochondnal pellet (MI 
I 

Centrifuged at 13,300 g av for 10 min. 

1 
Lactic dehydrogenase activity was assayed with a 

reaction mixture containing 50 mM TES, 1 mM dith- 
iothreitol and 0.2mM NADH. After recording the 
baseline. the reaction was initiated with 0.1 ml of 
0.1 M pyruvate and the change in absorbance was 
measured at 340nm. 

Light iitochondrial 
(lysosomaI)pellet (L) I 

Centrifuged at 165,000 g av fa 60 min. 

Microsdmal (P) Su&matant (S) 

Protein was determined by the method of Ross and 
Schatz [24] using crystalline bovine plasma albumin 
as the standard. 

Fig. 1. Scheme for fractionation of rainbow trout liver. 

Expression of enzymatic activity. The enzymatic ac- 
tivity, described throughout the present investigation, 
has been calculated as relative specific activity, which 
is the per cent of total activity divided by the per 
cent of total protein in the respective fraction [15]. 

tion profiles, particularly for the plasma membrane 
markers, e.g. alkaline phosphatase and 5’-nucleoti- 
dase. Thus, in all the distribution profiles reported 
in the present work, trout liver homogenates were 
centrifuged at 600 g for 20 min to obtain the nuclear 
and cellular debris pellet (Fig. 1). 

Although not included in the data presented, enzy- 
matic or protein analyses were performed on the total 
homogenate for each respective subcellular distribu- 
tion carried out. In most instances, the summation 
of the enzyme activity or protein in the respective 
subcellular fractions closely approximated that found 
in the starting homogenate. 

RESULTS 

Although the scheme described in Fig. 1 was finally 
adapted to fractionate rainbow trout liver into subcel- 
lular fractions, preliminary experiments were carried 
out in an attempt to optimize conditions for a more 
definitive separation of “marker” enzymes which are 
characteristic of the various subcellular components. 
Initially, a low speed spin at 120 g for 5 min was in- 
cluded in the scheme described in Fig. 1 to remove 
intact cells etc., but this resulted in variable distribu- 

Since the lysosomes are particularly important in 
protein and lipid degradation in mammalian liver, an 
attempt was made to optimize centrifugation condi- 
tions for a more definitive separation of the hydrolytic 
enzymes in trout liver homogenates. Lowering of the 
force of the mitochondrial spin or increasing that of 
the microsomal spin resulted in a lowered yield (per 
cent of recovery) of the mitochondrial or microsomal 
marker enzymes in their respective pellets without a 
significant increase of the relative specific activity 
(R.S.A.) of acid phosphatase in the light mitochon- 
drial or lysosomal fraction. 

Thus, in the standard fractionation scheme (Fig. l), 
the post-mitochondrial fraction was centrifuged at 
13,300g for 10min to obtain the light mitochondrial 
or lysosomal pellet. The subcellular distribution of 
four hydrolytic or lysosomal marker enzymes in trout 
liver fractionated according to the scheme described 
in Fig. 1 was studied and the results are reported 

1397 

Table 1. Distribution of hydrolytic enzymes of rainbow trout liver* 

Acid phosphatase (6) 
Recovery (%) 
R.S.A. 

fi-Glucuronidase (4) 
Recovery (%) 
R.S.A. 

N-acetyl+glucosaminidase (5) 
Recovery (%) 
R.S.A. 

Cathepsin D (1) 
Recovery (%) 
R.S.A. 

Nuclear Mitochondrial Lysosomal 
pellet pellet pellet 

14.2 16.2 13.9 
0.8 1.3 1.8 

25.2 27.2 9.7 
1.7 2.3 1.3 

26.7 25.6 10.6 
2.1 1.8 1.2 

47.2 14.4 12.8 
2.0 1.1 1.9 

Microsomal Supernatant 
pellet 165,000 g,, 

45.7 9.3 
2.1 0.2 

15.9 21.9 
0.8 0.5 

11.5 25.5 
0.6 0.6 

18.3 7.2 
0.9 0.2 

* Figures in parentheses indicate the number of experiments in which the enzymatic analysis was performed and 
the values shown are averages of the indicated number of experiments. Relative specific activity (R.S.A.) = per cent 
of total enzymatic activity/per cent of total protein. 
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Table 2. Enzymatic and protein analysis of subcellular fractions of rainbow trout liver* 

Nuclear Mitochondrial Lysosomal Microsomal Supernatant 
pellet pellet pellet pellet 165.000 qa, 

Alkaline phosphatase (3) 
Recovery &J 36.2 4.0 3.0 36.5 20.2 
R.S.A. 2.0 0.3 0.4 1.7 0.4 

5’-Nucleotidase (3) 
Recovery (%) 47.8 6.0 4.1 31.4 10.5 
R.S.A. 2.4 0.6 0.6 1.4 0.3 

Succinic dehydro~enase (6) 
Recovery (“A) 16.2 67.6 16.2 0 0 
R.S.A. 0.6 6.5 4.0 

Acid phosphatase (6) 
%ec.YY (%) 14.2 0.8 16.2 1.3 13.9 1.8 45.7 2.1 0.2 9.3 

Glucose 6-phosphatase (6) 
Recovery (%) 12.1 12.0 10.5 64.5 0.9 
R.S.A. 0.6 1.1 1.6 2.9 

Lactate dehydrogenase (3) 
Recovery ?A) 1.9 2.0 1.8 2.6 85.6 
R.S.A. 0.4 0.2 0.3 0.1 2.2 

Protein (8) 
Recovery (%) 20.3 11.8 7.5 22.8 37.5 

* Figures in parentheses indicate the number of experiments in which the enzymatic and protein analyses were per- 
formed and the values shown are the average of the indicated number of experiments. Relative specific activity 
(R.S.A.) = per cent of total enzymatic a~tivity/per cent of total protein. 

in Table 1. It is clear from these results that there 
is heterogeneity both in the per cent of recovery and 
relative specific activity of the four hydrolytic 
enzymes in the various subcellular fractions. &Glu- 
curonidase and N-acetyl-fl-glucosaminidase yielded 
similar distribution profiles with most of the particu- 
late activity in the nuclear and mitocho~dr~al pellets, 
but with little enrichment in the lysosomal fraction 
relative to the mitochondrial fraction. Almost 50 per 
cent of cathepsin D activity was recovered in the nuc- 
lear fraction. The R.S.A. of the enzyme was high and 
of similar value in both the nuclear and lysosomal 
pellets, indicating enrichment in both fractions. Acid 
phosphatase, a hydrolytic enzyme used most often in 
monitoring lysosomal enrichment in mammalian liver 
fractionation schemes, yielded R.S.A. values which 
were similar for both the lysosomal and microsomal 
pellet, indicating a similar enrichment of this enzyme 
in both fractions. Since one of the goals of the present 
work was to explore the distribution profile of certain 
drug-metabolizing enzymes in trout liver, which are 
known to reside in the microsomal fraction of mam- 
malian liver, further efforts in delineating a lysosomal 
fraction in trout liver were not made. 

enzymes suggest that plasma membranes of trout 
liver, under the homogenization conditions described, 
were localized mainly in the nuclear and microsomal 
pellets {Table 2). 

Since one of the goats was to investigate the subcel- 
lular distribution profile of certain drug-metabolizing 
enzymes in trout liver, of particular importance was 
the distribution of microsomal marker enzymes in 
subcellular fractions of trout liver prepared according 
to scheme outlined in Fig. 1. Glucose 6-phosphatase, 
a gluconeogenic enzyme found in the microsomal 
fraction of mammalian liver[25], was found to the 
extent of approximately 65 per cent in the microsomal 
fraction of trout liver (Tables 2 and 3). There was 
a definite enrichment of this enzyme in the microso- 
ma1 fraction as indicated by the high R.S.A. of this 
fraction. 

A full enzymatic characterization of subcellular 
fractions obtained by the scheme outlined in Fig. 1 
was then undert~en and these results are summar- 
ized in Table 2. Approximately 70 per cent of the 
succinic dehydrogenase was located in the pellet 
obtained by centrifuging the post-nuclear supernatant 
at 8000 g for 10 min. The R.S.A. of succinic dehydro- 
genase of this fraction was 6.5 and the R.S.A. of the 
lysosoma1 fraction was 4.0, indicating some contami- 
nation of the lysosomal fraction by mitochondria. 

Microsomal contamination of the high speed super- 
natant was low, but approximately 10-20 per cent 
of the S-nucleotidase and alkaline phosphatase 
plasma membrane markers were found in the 165,000 
gav supernatant (Table 2). Assay for lactate dehydro- 
genase indicated that approximately 85 per cent of 
this enzyme was recovered in the high speed superna- 
tant, indicating minimal contamination of the mem- 
branous fractions by cytosolic material. 

Since Table 2 is a composite of data accumulated 
over several experiments, the results from a single 
subcellular distribution in which all the enzymes and 
protein content were measured are presented in Fig. 
2. A comparison of the relative specific activities of 
the marker enzymes from this individual fractionation 
with those presented in Table 2 indicates excellent 
agreement. 

Alkaline phosphat~e and 5’-nucleotid~e, markers Having ch~acterized the fractionation scheme de- 
of plasma membranes in mammalian liver [25], scribed in Fig. 1 with marker enzymes, the subcellular 
yielded almost identical distribution protiles. Both the distribution of glucuronyl transferase and benzopyr- 
per cent of recovery and R.S.A. values for these ene hydroxylase in trout liver was explored. The 
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Table 3. Distribution of microsoma~ enzymes of rainbow trout liver* 

- 
Glucose 6-phosphatase (6) 

Recovery (%) 
R.S.A. 

Rotenone-insensitive 
cytochrome c reductase NADH (3) 

Recovery (%) 
R.S.A. 

NADPH (2) 
Recovery (%) 
R.S.A. 

Glucuronyl transferase (2) 
Recovery (“/‘,) 
R.S.A. 

Benzopyrene hydroxylase (2) 
Recovery (%) 
R.S.A. 

Nuclear Mitochondrial Lysosomal Microsomal Supernatant 
pellet pellet pellet pellet I65,OOO 9.. 

12.1 12.0 10.5 64.5 0.9 
0.6 1.1 1.6 2.9 

14.1 16.0 12.4 57.2 0.2 
0.7 1.4 2.1 2.5 0.1 

13.4 12.6 15.0 55.2 3.8 
0.7 1.2 3.0 2.2 0.1 

17.8 9.1 8.6 63.5 0.1 
0.8 0.9 1.4 2.5 1.0 

15.9 5.2 5.2 63.3 10.5 
0.8 0.5 0.7 2.5 0.3 

*Figures in parentheses indicate the number of experiments in which the enzymatic analysis was performed and 
the values shown are averages of the indicated number of experiments. Relative specific activity (R.S.A.) = per cent 
of total enzymatic activity/per cent of total protein. 

results of several distribution experiments focusing on 
microsomal enzymes are presented in Table 3. Glu- 
cose 6-phosphatase, glucuronyl transferase and ben- 
zopyrene hydroxyl~e had the highest R.S.A. and per 
cent recovery in the microsomal fraction. Similar dis- 
tribution profiles and R.S.A. were obtained with 
rotenone-insensitive cytochrome c reductase, another 
microsomal marker enzyme. However, with NADPH 
as cofactor, the high R.S.A. of the rotenone-insensitive 
cytochrome c reductase in the lysosomal fraction indi- 
cated significant contamination of this fraction by 

,ip$_ $;;;i,, 
0 20 40 60 80 100 0 20 406080100 
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0 2040608OlW 

4 r Lactic Dehydrcgenase 
3 

2 

1 

0 1.I 
0 20 40 60 80 100 

% YOTAL PROTEIN 

Fig. 2. Distribution of marker enzymes from trout liver. 
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these enzymes. This was not surprising in light of 
the report by Sottocasa et al. [20] that this enzyme 
is also located in the outer mitochondrial mem_brane. 

In Fig. 3 the results of one such distribution experi- 
ment are illustrated. The relative specific activity pro- 
files of glucuronyl transferase and benzopyrene hy- 
droxylase are almost superimposable with that of glu- 
cose 6-phosphatase, a microsomal marker in mam- 
malian liver. Recovery of glucuronyl transferase and 

Succinic Dehydrogenase 
8- M 

Glucose-6- Phosphatase 

t: 
a 4 

cn s Glucuronyl Ttansferase 

4 Benz~yrene Hythxylase 

3 c 

6~~ 
0 2040608OlQ) 

% TOTAL PROTEIN 

Fig. 3. Distribution of mitochondrial and microsomal 
marker enzymes from trout liver. 



1400 C. N. STATHAM et al. 

benzopyrene hydroxylase in the microsomal fraction compounds by the mitochondrial fraction is most 
was approximately 70 per cent, which was similar to likely associated with contaminating microsomes 
that found for glucose 6-phosphatase. rather than by mitochondria per se. 
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