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The subcellular distribution of aryl-hydrocarbon hydroxylase, NADPH-cytochrome ¢ reductase,
NADH : cytochrome ¢ reductase, and NADH : cytochrome bs reductase activities in mouse liver
was studied using the biochemical membrane markers microsomal glucose-6-phosphatase, mito-
chondrial cytochrome ¢ oxidase, and plasma membrane 5-nucleotidase. The rate of appearance
of activity of 3-methylcholanthrene-induced aryl-hydrocarbon hydroxylase in the microsomes of
C57BL/6N mice is more than twice as rapid as that in the nuclear envelope. The nuclear fraction
contains less than 19/ of the total cellular activities of the hydroxylase and all three reductases.
All detectable basal activity of aryl-hydrocarbon hydroxylase in the nuclear fraction of control
C57BL/6N and DBA/2N and 3-methylcholanthrene-treated DBA/2N mice and all detectable
activities of NADPH :cytochrome ¢, NADH :cytochrome ¢, and NADH :catochrome bs reductase
in the nuclear fraction of control and 3-methylcholanthrene-treated C57BL/6N and DBA/2N mice
can be completely accounted for by the degree of microsomal fragment contamination (as assessed
by the microsomal marker glucose-6-phosphatase). These data raise doubts about certain previous
reports of ‘nuclear’ enzyme activities in which microsomal contamination was not taken into
account. However, there is more induced activity of aryl-hydrocarbon hydroxylase in the nuclear
fraction of 3-methylcholanthrene-treated C57BL/6N mice than can be accounted for by the degree
of microsomal membrane conrribution.

The murine A4 locus is known to regulate the induction by certain polycyclic aromatic chemicals
of numerous drug-metabolizing enzyme activities such as aryl-hydrocarbon hydroxylase associated
with cytochrome P-450. The expression of 3-methylcholanthrene-inducible hydroxylase in nuclear
membranes, like that in microsomal membranes, thus appears to be controlled by the Al regula-

tory gene.

Kasper first suggested the presence of a mono-
oxygenase system mediated by cytochrome P-450 in
liver nuclear membranes [1]. Since then, there have
appeared numerous conflicting reports. Based upon
data from induction ratios, sensitivity to inhibitors,
metabolite profiles, and/or immunological techniques,
various laboratories have concluded that the nuclear
and microsomal membrane systems are either dis-
tinctly different [1 —5] or the same [6—13]. Specific

Abbreviations. B6, the C5TBL/6N inbred mouse strain; D2, the
DBA/2N inbred mouse strain; buffer A, 50 mM Tris-Cl pH 7.5,
25 mM KCl, and 5 mM MgCl,.

Enzymes. Aryl-hydrocarbon [benzo(a)pyrene] hydroxylase (EC
1.14.14.1); NADPH :cytochrome ¢ reductase or NADPH:cyto-
chrome ¢ oxidoreductase (EC 1.6.2.4); NADH :cytochrome ¢
oxidoreductase or NADH :cytochrome ¢ reductase (EC 1.6.99.3);
NADH :cytochrome b5 reductasc or NADH : cytochrome bs oxido-
reductase (EC 1.6.2.2); glucose-6-phosphatase (EC 3.1.3.9); cyto-
chrome ¢ oxidase (EC 1.9.3.1); and 5'-nucleotidase (EC 3.1.3.5).

activity of nuclear aryl-hydrocarbon hydroxylase has
been reported to represent 7%, to 11% [1], 159 to
209, [14], or 25 to 129 [15] of the specific activity
of microsomal aryl-hydrocarbon hydroxylase in rat
liver. Studies comparing microsomal and ‘nuclear’
fractions have included the metabolism of benzo(a)-
pyrene [4,7,14,16—25], aflatoxin By [9,13], 2-acetyl-
aminofluorene [26 —28], 3-methylcholanthrene [29],
carbon tetrachloride and chloroform [30], and sty-
rene [31].

There have been numerous conflicting publications
concerning the subcellular localization of the mem-
brane-bound monooxygenase system mediated by
cytochrome P-450 (reviewed in [14,16]). Important
questions that remain unanswered include: (a) whether
the nuclear and microsomal membrane systems are
different or the same; (b) how much the nuclear
membrane drug-metabolizing system contributes to
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the overall metabolism of carcinogens; and (¢) the
relative importance of the nuclear and microsomal
systems in generating ultimate carcinogens (reactive
intermediates) that bind covalently to intranuclear
DNA. Basal and inducible activities of aryl-hydro-
carbon hydroxylase have usually been studied as a
marker for the monooxygenase system mediated by
cytochrome P-450, because of the sensitivity of the
enzyme assay and the presumed importance of this
enzyme in polycyclic hydrocarbon carcinogenesis.

To our knowledge, all previous studies on the sub-
cellular localization of the monooxygenase system
have relied on the apparent purity of nuclei and
microsomes, as judged by microscopic examination.
With highly sensitive electron paramagnetic resonance
techniques, however, it is possible to detect mouse-
liver microsomal contamination of mitochondrial
fractions and mitochondrial contamination of micro-
somal fractions (even after six careful resuspensions
and recentrifugations) although the fractions appear
‘pure’ by light and electron microscopy [32] (T. Kake-
fuda and D. W. Nebert, unpublished data). In this
report we used membrane marker enzymes to assess
biochemically the subcellular localization of activity
of hepatic aryl-hydrocarbon hydroxylase in control
and 3-methylcholanthrene-treated B6 and D2 inbred
mice.

MATERIALS AND METHODS
Chemicals

3-Methylcholanthrene, benzo(a)pyrene, NADPH,
NADH, glucose 6-phosphate, and cytochrome ¢ were
purchased from Sigma Chemical Co. (St Louis, MO).
The source of all other chemicals is indicated in the
references cited [33 —40]. 3-Methylcholanthrene and
benzo(u)pyrene were routinely recrystallized from
warm benzene by the addition of cold methanol [35].

Animals

B6 and D2 mice were obtained from the Veterinary
Resources Branch (National Institutes of Health,
Bethesda, MD). Secxually immature weanlings of
either sex (4—6-weeks-old) were used. Mice were
housed (up to six per cage) in plastic cages with hard-
wood bedding and were exposed to 14 h light/10 h
dark each day and were permitted free access to water
and food (Purina NIH Open Formula Rat Mouse
Ration or Purina Laboratory Chow).

Treatment of Mice and Preparation
of Subcellular Fractions

3-Methylcholanthrene in corn oil was adminis-
tered as a single intraperitoneal dose (200 mg/kg) and

Activity of Monooxygenase from Mouse-Liver Nuclear Fraction

the mice were killed at indicated times during the next
48 h. Controls received intraperitoneally the corn oil
alone (25 ml/kg).

After the mice were killed, all subcellular fraction
preparative operations were carried out on crushed
ice or at 4°C. Liver from four mice were combined
at every time-point and were homogenized with a
teflon pestle tissue grinder (0.13—0.18 mm clearance)
in five volumes of cold 0.25 M sucrose in buffer A.
The homogenate was then passed through four layers
of cheesecloth. The subcellular fractionation was
carried out according to the classical method of De
Duve et al. [33]. The pellet after centrifugation at
600 x g for 10 min is the crude nuclear fraction (vide
infra). Supernatant material from the 600 x g centrif-
ugation was then centrifuged at 3200 x g for 10 min,
and this pellet is designated the M fraction. The
resultant supernatant material was centrifuged at
12000 x g for 20 min, and this pellet is designated
the L fraction. Lastly, the resultant supernatant
material was centrifuged at 105000 x g for 60 min to
separate the microsomal pellet, or P, fraction from the
postmicrosomal supernatant, or S, fraction. The M
and L fractions were each washed twice with one-
fourth as much volume of buffer A as had been used
initially and were recentrifuged at the same designated
speeds as described above; the supernatant material
from these washes was added to the original super-
natant material before the next higher centrifugation
was performed.

The crude nuclear fraction was resuspended in
0.25 M sucrose in buffer A and purified by the method
of Blobel and Potter [34], with the use of 2.3 M
sucrose in buffer A as a discontinuous sucrose density
gradient. This purified fractionis designated fraction N.
All particulate fractions were resuspended in buffer A
with 309, glycerol for assay.

Freezing and storage of the liver at —70°C did
not affect total enzymic activities but did result in
significant and nonpredictable changes in distribution
of activities among the various subcellular fractions.
All data were therefore obtained on fresh, nonfrozen
fractions and were repeated several times to ensure
reproducibility.

Enzyme Assays

Aryl hydrocarbon hydroxylase activity was mea-
sured with benzo(a)pyrene as substrate [35]. One unit
of activity, U, is defined as that amount of enzyme
catalyzing in 1 min at 37 °C the formation of hydroxy-
lated products causing fluorescence equivalent to that
of 1.0 pmol of the 3-hydroxybenzo(a)pyrene recrystal-
lized standard.

NADPH-cytochrome ¢ reductase and NADH-
cytochrome ¢ reductase were measured by determining
the formation of reduced cytochrome ¢, having an
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Fig. 1. Aryl-hydrocarbon hydroxylase induction in B6 mouse liver as
a function of time after a single dose of 3-methylcholanthrene had
been given intraperitoneally. The hydroxylase specific activities in
the four subcellular particulate fractions are shown at top. Aryl-
hydrocarbon hydroxylase activity as a percentage of the maximal
altained is illustrated at bottom, with 48 h taken as the time at
which 1009, of the activity of cach fraction had been reached.
Preparation of the nuclear (N), crude mitochondrial (M), crude
lysosomal (L), and crude microsomal (P) pellets are described
under Materials and Methods

absorption coefficient at 550 nm of 18.5mM ' em™!

[36]. NADH-cytochrome b5 reductase was measured
by following the production of reduced cytochrome bs ;
the absorption coefficient for cytochrome hs (44 be-
tween 424 and 409 nm) is 163 mM ~* cm ! [37]. Glu-
cose-6-phosphatase and 5'-nucleotidase, marker en-
zymes of microsomal and plasma membranes respec-
tively, were assayed by determining the formation of
inorganic POy [38]. Cytochrome ¢ oxidase, a mito-
chondrial inner membrane marker enzyme, was as-
sayed by the method of Cooperstein and Lazarow [39].

Except for aryl-hydrocarbon hydroxylase activity,
one unit, U, of all the other enzyme activities is defined
as that amount of enzyme catalyzing in 1 min the
formation of 1.0 nmol of product (reduced cyto-
chrome ¢ or bs or inorganic phosphate or oxidized
cytochrome ¢). Specific activity of all enzymes de-
notes U/mg protein, the protein concentration based
on the procedure of Lowry et al. [40].

RESULTS

Kinetics of Induction of Microsomal
and Nuclear Aryl-Hydrocarbon Hydroxylase
by 3-Methylcholanthrene

The kinetics of membrane-bound aryl hydrocarbon
hydroxylase induction by 3-methylcholanthrene was
studied in all four subccllular particulate fractions
(Fig. 1). The 3-methylcholanthrene-induced hydrox-
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ylase activity in all fractions was approximately the
same at 2, 3 and 5 days after a single large dose of
3-methylcholanthrene; 48 h was therefore selected as
the time at which maximal activity and been attained
(Fig. 1, bottom). Aryl-hydrocarbon hydroxylase ac-
tivity reached half-maximal levels by about 8 or 9 h
in fraction P and about 21 or 22 h in fraction N.

Localization of Activity of Basal
and 3-Methylcholanthrene-Induced Aryl Hydrocarbon
Hydroxylase

The hydroxylase and six other membrane-bound
activities were examined in five subcellular fractions
of liver from control and 3-methylcholanthrene-treated
B6 and D2 mice (Tables 1 — 3). 3-Methylcholanthrene-
induced activity of microsomal aryl-hydrocarbon
hydroxylase reflects one or more forms of cytochrome
P;-450, whereas basal hydroxylase activity in control
B6 or D2 mice or 3-methylcholanthrene-treated D2
mice represents one or more forms of control mono-
oxygenases mediated by cytochrome P-450 [41]. No
3-methylcholanthrene-induced hydroxylase activity
was detected in any D2 subcellular fraction (Table 1),
yet activity of B6 microsomal aryl-hydrocarbon hy-
droxylase (fraction P) and of the nuclear hydroxylase
(purified fraction N) increased about 4-fold and 15-
fold, respectively. The presence of detectable aryl-
hydrocarbon hydroxylase (and five of the six other
enzymes in Table 1) in the postmicrosomal cytosol
(fraction S) is commonly seen for membrane-bound
enzyme activities isolated by the method of De Duve
et al. [33] and is believed to reflect a small amount
of microsomal fragments. 3-Methylcholanthrene treat-
ment had no marked effect on cytochrome ¢ oxidase
or 5'-nucleotidase activities but decreased significantly
glucose-6-phosphatase activity in most fractions of
both B6 and D2 mice.

[f one examines the subcellular distribution of total
activity (Table 2), aryl-hydrocarbon hydroxylase,
NADPH : cytochrome ¢ reductase, NADH : cyto-
chrome ¢ reductase, NADH : cytochrome ¢ reductase,
and glucose-6-phosphatase were found predominantly
in fraction P, cytochrome ¢ oxidase predominantly in
fraction M, and 5'-nucleotidase predominantly in
fraction L. Of interest, the hydroxylase activity in
fraction N represented less than 19, of total aryl-
hydrocarbon hydroxylase activity. When a micro-
somal enzyme comprises greater than 999/ of total
activity in the cell, the possibility of even less than 19/
contamination of nuclear membranes with microsomal
membranes becomes important.

Does the hydroxylase activity in fraction N there-
fore represent a distinct moiety or does it represent
microsomal contamination? The aryl-hydrocarbon
hydroxylase/glucose-6-phosphatase ratio from control
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Table 1. Specific activities of the seven membrane-bound enzymes in
various hepatic subcellular fractions of control and 3-methylcho-
lanthrene-treated B6 and D2 mice

All values are expressed as the average specific activities from three
experiments. Coefficients of variance ranged between 0.08 and 0.23,
3-Methylcholanthrene or corn oil alone was given 48 h before
killing. Preparation and definition of the particulate fractions N,
M, L and P and the supernatant fraction S are described under
Materials and Methods

Enzyme Sub- Specific activity in
cellular — —
fraction B6 mice

D2 mice

Activity of Monooxygenase from Mouse-Liver Nuclear Fraction

Table 2. Activity of the seven enzymes in various hepatic subcellular

Sractions of control and 3-methylcholunthrene-treated B6 and D2

mice

Data are expressed as a percentage of total cellular activity, 1009,
being the activity recovered from all five fractions. These results
are based on the same samples listed in Table 1 and represent the
averages from three experiments

Enzyme Sub- Enzyme activity in
cellular — _ e
fraction B6 mice D2 mice

treated control treated control

treated control trecated control

U/mg protein

Aryl-hydrocarbon N 310 21 23 25
hydroxylase M 820 90 i 68
L 1700 180 190 200
P 2500 610 480 460

S 66 1.7 1.4 1.3

NADPH- N 9.3 9.6 71 7.2
cylochrome ¢ M 38 43 36 44
reductase L 65 57 54 55
P 210 160 170 170

S 4.3 3.0 32 2.4
NADH- N 56 70 69 72
cytochrome ¢ M 180 200 200 180
reductase L 250 260 300 290
P 600 740 820 800

S 2.7 2.8 1.3 1.3
NADH- N 110 140 180 200
cytochrome bs M 670 940 840 910
reductase L 610 880 810 820
P 1300 1700 2600 2700
S 81 93 81 100
Glucose- N 15 34 17 31
6-phosphatase M 87 180 140 140
L 220 260 220 250
P 240 300 220 290

S 6.0 3.9 5.2 2.7
Cytochrome ¢ N 9.7 8.4 9.8 11
oxidase M 510 540 560 480
L 75 65 57 53
P 25 19 26 29

S < 0.1 < 0.1 < 0.1 < 0.1

5’-Nucleotidase N 1.0 1.3 0.9 1.0
M 15 14 26 22
L 50 44 58 53
P 24 22 26 21

S 1.9 2.4 2.9 2.6

B6 and D2 and 3-methylcholanthrene-treated D2 mice
(Table 3) ranged between 1.6 and 2.2 in fraction P,
and between 0.62 and 1.3 in fraction N. These data
indicate that the amount of detectable basal activity
of aryl-hydrocarbon hydroxylase in the nuclear frac-
tion of these mice can be completely accounted for
by the degree of microsomal membrane contamination
(as assessed by the microsomal marker glucose-6-

% total
Aryl- N 0.6 0.3 0.5 0.3
hydrocarbon M 7.7 5.5 7.0 4.2
hydroxylase L 17 15 18 18
P 69 78 74 76
S 5.7 1.2 0.5 1.5
NADPH- N 0.2 0.4 0.4 0.3
cytochrome ¢ M 5.0 8.6 8.0 8.3
reductase L 8.4 13 13 13
P 81 72 72 73
S 5.4 7.0 5.6 5.4
NADH- N 0.5 0.7 1.0 0.7
cytochrome ¢ M 8.1 9.6 9.6 8.4
reductase L 1" 14 16 {5
P 79 75 73 75
S 1.4 0.7 0.4 0.9
NADH- N 0.4 0.4 0.5 0.4
cytochrome bs M 11 12 13 10
reductase L 10 15 12 11
P 69 63 65 69
S 9.6 9.6 9.5 9.6
Glucosc- N 0.3 0.6 0.5 0.5
6-phosphatase M 8.3 13 16 14
L 22 26 28 24
P 67 58 53 59
S 2.4 2.4 2.5 2.5
Cytochrome ¢ N 0.3 0.2 0.4 04
oxidase M 78 79 80 78
L i 11 10 11
P 11 9.8 9.6 10.6
S < 0.1 < 0.1 < 0.1 < 0.1
5’-Nucleotidase N <01 < 0.1 < 0.1 < 0.1
M 10 10 17 16
L 42 49 44 44
P 37 27 24 26
S 11 14 i5 14

phosphatase). On the other hand, the aryl-hydro-
carbon hydroxylase/glucose-6-phosphatase ratio was
10 in fraction P and 21 in fraction N of 3-methyl-
cholanthrene-treated B6 mice; we thus conclude that
there is more 3-methylcholanthrene-induced hydrox-
ylase activity in the nuclear fraction of these mice
than can be accounted for by the degree of micro-
somal fragment contribution.
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Table 3. Ratio of specific activity of aryl-hydrocarbon hyvdroxylase or reductase to glucose-6-phosphatase among the various hepatic subcellular

[fractions from control and 3-methylcholanthrene-treated B6 and D2 mice

Values are expressed as the ratios of specific enzyme activities, based on the same samples listed in Table 1

Enzymes Sub- Ratio of specific activities
cellular -
fraction B6 mice D2 mice
treated control treated control
Aryl hydrocarbon hydroxylase/glucose-6-phosphatase N 21 0.62 1.3 0.81
p 10 2.0 2.2 1.6
NADPH : cytochrome ¢ reductase/glucose-6-phosphatase N 0.62 0.28 0.42 0.23
P 0.88 0.53 0.77 0.59
NADH : cytochrome ¢ reductase/glucose-6-phosphatase N 37 2.1 4.1 2.3
P 2.5 4.1 3.7 2.8
NADH : cytochrome b5 reductase/glucose-6-phosphatase N 7.3 4.1 11 6.5
P 5.4 5.7 12 9.3

Localization of Basal
and 3-Methylcholanthrene-Inducible Activities
of Reductases

3-Methylcholanthrene given to B6 mice (Table 1)
enhanced NADPH : cytochrome ¢ reductase activity
about 30 %, in fraction P but depressed NADH : cyto-
chrome ¢ and NADH : cytochrome s reductase ac-
tivities by as much as 309/ in all subcellular fractions.
3-Methylcholanthrene had no effect on any D2 re-
ductase activity in any of the subcellular fractions.

The total activity of the three reductase in frac-
tion N (Tabie 2) was always less than 19/ of the total
cellular reductase activities. The possibility of the
smallest amount of microsomal contamination of
fraction N is therefore as important with these re-
ductases as that discussed above for aryl hydrocarbon
hydroxylase activity.

If one examines the reductase/glucose-6-phospha-
tase ratios in control and 3-methylcholanthrene-treated
B6 and D2 mice (Table 3), the ratios in fraction P
were about the same or greater in all cases than the
corresponding ratios in fraction N. The amount of
detectable basal reductase activities in the nuclear
fraction of these mice can thus be completely accounted
for by the degree of microsomal contribution (as
assessed by the glucose-6-phosphatase marker). In
3-methylcholanthrene-treated B6 mice, the NADH
: cytochrome ¢ reductase/glucose-6-phosphatase and
the NADH : cytochrome bs reductase/glucose-6-phos-
phatase ratios in fraction N tended to be higher than
those in fraction P. It would appear that more of these
two reductase activities exist in the nuclear fraction
of these mice than can be accounted for by the degree
of microsomal fragment contribution. Because 3-meth-
ylcholanthrene treatment diminishes glucose-6-phos-
phatase specific activity (Table 1), however, these
small increases in the ratios may reflect microsomal

membrane changes due to glucose-6-phosphatase de-
pletion and/or errors in the glucose-6-phosphatase
assay, which can be considerable at very low enzyme
activities.

DISCUSSION

In light of the data shown in this present report,
one must consider seriously the possibility of micro-
somal monooxygenase activities contributing all, or
most, to what has been considered heretofore as en-
zyme activities from ‘highly pure’ nuclear fractions
[1—31]. The same is true for immunological studies
[8,11—13]. We have shown here that the nuclear
envelope contributes less than 1% to total aryl hydro-
carbon hydroxylase activity in the liver cell of 3-methyl-
cholanthrene-treated B6 mice and that the amount
of detectable basal aryl-hydrocarbon hydroxylase ac-
tivity in the nuclear fraction of control (or 3-methyl-
cholanthrene-treated genetically nonresponsive) mice
can be wholly accounted for by the degree of con-
tamination by microsomal membrane fragments.

The Ah locus regulates the induction by 3-methyl-
cholanthrene and certain other polycyclic aromatic
compounds of numerous drug-metabolizing enzyme
activities such as the aryl hydrocarbon hydroxylase
associated with cytochrome P;-450 (reviewed in [41]).
A cytosolic receptor highly specific for these inducers
appears to be essential for the induction process; B6
mouse liver has at least 50-times more receptor than
D2 mouse liver [42]. The expression of 3-methyl-
cholanthrene-inducible hydroxylase in nuclear mem-
branes (Table 1), like that in microsomal membranes,
thus appears to be controlled by the 4/ regulatory
gene. The slower induction kinetics of nuclear aryl
hydrocarbon hydroxylase activity (Fig.1), compared
with that of the microsomal hydroxylase activity, may
represent the transition of newly synthesized enzyme



from the endoplasmic reticulum to the nuclear mem-
branes.

It is attractive to consider that nuclear hydro-
carbon hydroxylase activity, even though less than 1 ¢/
of the total cellular activity, contributes to the forma-
tion of most short-lived metabolic intermediates that
bind covalently to intranuclear DNA and are pre-
sumably related to chemical mutagenesis and carcino-
genesis [14,16,24]. Estimates of a half-life for the
various stereo-isomers of benzo{a)pyrene 7,8-dihydro-
diol-9,10-epoxide, for example, are extremely difficult
to determine, however, and depend on ionic strength,
pH, and types of proteins and lipids present in the
experimental test solution; under physiological con-
ditions, the diol-epoxides may therefore react in less
than 1 ms or longer than 15 min [43,44]. Certainly
the latter estimate allows more than ample time for
reactive intermediates generated by the microsomal
hydroxylase to bind covalently to nuclear DNA in
the same cell or even in cells of some distant organ
in the animal. Contrary to common belief, oxygenated
benzo(a)pyrene intermediates pass readily through
cellular or subcellular membranes. Evidence in sup-
port of this concept has been shown: radiolabeled
benzo(a)pyrene 7,8-dihydrodiol is taken up by cells
in culture more quickly than benzo{a)pyrene and also
is metabolized more rapidly to more polar excreted
(presumably conjugated) products [45]; intraperitone-
ally injected benzo(a)pyrene 7,8-dihydrodiol-9,10-ep-
oxide in newborn Swiss-Webster mice is at least 150-
times more effective than benzo(a)pyrene in causing
pulmonary and lymphatic tumors [46].

In summary, we have shown that 3-methylcho-
lanthrene-induced aryl-hydrocarbon hydroxylase ac-
tivity exists in nuclear membranes at levels greater
than can be accounted for by liver microsomal con-
tamination. This is not true for the hydroxylase ac-
tivity in control mice or for any of three NAD(P)H-
reductasc activities. The possible role of 3-methyl-
cholanthrene-induced nuclear activity in the mecha-
nism of chemical carcinogenesis remains to be deter-
mined.

We thank Drs Takami Oka and Masahiko Negishi for helpful
discussions and their critical reading of this manuscript. The valuable
technical assistancc of Ms Nancy M. Jensen and the expert secre-
tarial aid of Ms Ingrid E. Jordan are also greatly appreciated.
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