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SUMMARY

The in vivo administration of phenohari)ital increases amino acid incorporation in rat
liver microsonmes in vitro.

1. Time increased! incorporation is observed with different amino acids and is not due
to changes in cofactor level, amino acid concentration, or factors present in the cell sap.

2. Microsomes from phenol)arl)ital-treated rats are more active in L- [‘�C1 -phenylala-
nine incorporation in tile absence of polyuridyiic acid. However, L- [“C] -phenyialanine
incorporation is stimulated to the same extent by polyuridylic acid in microsomes from
control and phenobarbital-treatedi rats. In contrast, after time removal of endogenous
nmessenger RNA the niicrosomes from phenobarbital-treated rats are more than twice as
sensitive as control microsomes to polyuridy!ic acid-directed L- [14C} -phenylalanine in-

corporation. This appears (lue to a phenoharbital-induced increase in both the endogen-
ous microsomal messenger RNA content and the number of microsomal binding sites for
messenger RNA. No difference in amino acid incorporation is observed in ribosomes from

control and phenobarbital-treated rats, indicating that deoxycholate-soluble factors,
presumably components of the endoplasmic reticulum, are important in protein synthesis

and are altered by phenobarbital.
3. Microsomes from phenobarbitai-treated rats contain a relatively greater proportion

of membrane-bound rihosomes compared to free ribosomes.

INTRODUCTION

The administration of phenobarbital in-
creases the activities of a number of rat
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liver umicrosomal enzyme systems (1-3).

Timese changes are accompanied by morpimo-

logical alterations characterized i)y an in-

crease in the amount of agranular endo-

plasmic reticuluimm (4-6). A number of
studies suggest tlmat time phenobarbital-in-

duced increases in enzyme activity are due
to enzyme synthesis, although there is no
direct evidence demonstrating an actual in-
crease in enzyme protein. For example, the
stimulatory effect of phenoharbital on some
of these enzymes is prevented by ethionine
or puromycin (7. 8). and! chronic pheno-

171



172 KATO, JONDORF, LOEB, BEN, AND GELBOIX

Mol. Plmarmacol. 2, 171-186 (1966)

barbital administration increases rat liver

mierosomnal protein content. In addition,
liver microsomes fromm1 phenobarbitai-
treated rats show greater amino acid-in-

corporating activity when measured in
vivo (9) or in cell-free preparations (10)

and exhibit a greater sensitivity to stimu-
lation by polyuridylic acid (11).

In this paper we investigated time mech-
anism of the phenobarhitai stimulation of

protein synthesis. WTe examined the activ-

ity of isolated microsomes and ribosonles
in the incorporation of phenylalanine under

conditions where incorporation was directed
by endogenous messenger ribonucleic acid
(mRNA) . We also examined the optimal

cofactor requirements for this activity in

both phenobarbital-treated and control rats.
In addition, we present further data on time
effect of phenobarbital on the sensitivity
of microsomes and ribosomes to synthetic
messenger RNA, polyuridylic acid. This
activity was measured under conditions

where L- [‘�C] -phenylalanine incorporation

was directed solely by the added messenger
RNA. In other experiments we examined

the effect of i)imenObarbital on the distribu-
tion of free and membrane-bound ribo-
somes and on time yield of rat liver smooth
endoplasmie reticulum.

MATERIALS AND METHODS

Materials. Sigma Chemical Company

supplied the ATP, reduced glutathione, and
phosphocreatine. California Corporation for
Biochemical Research supplied the creatine
phosphokinase (EC 2.7.3.2) and GTP.
“C-labeled amino acids were obtained

from the New England Nuclear Corpora-

tion. The source of polyuridylic acid was
Miles Laboratories, Elkhart, Indiana.

Methods. Groups of four Sprague-Daw-

icy female rats weighing 160-170 g were

in�ecte(! intraperitoneally with 80 mg/kg

of sodium phenoharhital in 0.9% sodium
chloride at 42 and 18 hr prior to decapita-
tion. Controls were given saline only. Rats

were fasted 42 imr before diecapitation. The
livers were removed, homogenized in a
loose-fitting Potter-Elvehjem type homog-

enizer in 5 volumes of 0.25 M sucrose, and

centrifuged for 10 mm at 12,000 g to sedi-

ment the nuclear and mitochondrial frac-

tions. The supernatant was centrifuged at
105,000 g for 1 hr and the microsome pellet
was suspended in 0.25 M sucrose at protein

concentration of 17.5 mg/mI.

The ribosomes were isolated by the
method! of Korner (12). The mitochond!rial
supernatant was treated with one-ninth its

volume of 5% deoxycholic acid in 0.03 M

Tris-HC1 buffer, pH 7.5, 1.5 X 10� M

1\IgCl2 and 5.0 X 102 M KC1 and was
centrifuged for 2 hr at 105,000 q. Time

pellets were resuspended in 0.03 M Tris-

HC1 buffer pH 7.5, 1.5 X 1Q� M MgCi2.
The standard incubations contained the

following in a volume of 1.7 ml: 20 1�moies
potassium phosphate pH 7.4, 2.5 �.amioles

ATP, 0.5 �mole GTP, 10 1�moles MgC12,
40 �moles phosphocreatine, 0.25 mg crea-

tine phosphokinase (EC 2.7.3.2) , 100 �nloles

reduced giutathione (GSH) , neutralized

with KOH, 150 �.nmmloles sucrose, 0.085
j.mole uniformly labeled L- [1�C1 -phenylal-
anine (specific activity 9.13 �nC/j.nniole),
0.2 ml (containing 2 mg protein) super-

natant fluid from control rats, and either

0.4 ml (containing 7.0 mg protein) micro-
somes or 0.4 ml (containing 3.5 mg pro-

tein) ribosomes. The incubations were
made in duplicate at 37#{176}for 15 mm as

described earlier (10).

Where indicated, preincubations of the
microsomes or ribosomes were performed

for 12 nun at 37#{176}in time presence of all the
ingredhents listed above but in the absence

of L- [1’C] -phenylalanine. After preincuba-

tion, the flasks were chilled in ice, addi-
tional creatine phosphate (40 �moles),
creatine pliosphokinase (0.25 mg’h, L-{’4C1-
phenylalanine, and polyuridylic acid (300
jig) were added. The flasks were then in-

cubated in the manner indicated above.
The reactions were stopped with 1.7 ml

of cold 10% trichloroacetic acid (TCA)
containing 0.1 % L- [12C} -phenylalanine.
The precipitated proteins were washed and
counted as previously described (13). Zero

time counts were usually less than 10 cpm

per milligrammm proteins. These values were
subtracted from the values obtained with
the incubatedi proteins. Protein estimations
were dione by the Folin-Ciocalteu method
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of Lowry et al. (14). RNA was estimated

by the orcinol method of �Iejbaum (15).

Sucrose density gradient centrifugations to

separate free from bound ribosomes in the

microsomal fractions of rat liver were

carried out by the method of Henshaw
et al. (16). For the preparation of immem-

brane fraction from the nmicrosomes we
used the method of Dallner et al. (17).

RESULTS

Effect of Phenobarbital-Treatment on the

Content of Protein and RNA of
Liver Microsomes

Phenobarbital administered to rats in-

creases their average liver weigimt by 16%.
The microsomal pellet obtained from these

rats appears larger than that of the con-

trols. The average yield of niicrosomal pro-

tein isolated from pimenobarbit al-treated

rats is approximately 30% greater timan time
yield from controls. The average yield of
microsomal RNA isolated from phenobar-

bital-treated rats is increased by about

400

00

+108%

+129%

+109%

10%. Thus, there is a disproportionately
greater content of protein and hence a
sligimt decrease in the RNA to protein ratio

of nmicrosomes from phenobarbitai-treated
rats.

The Effect of in T’ivo Phenobarbital

Treatment on �n Vitro Microsomal
A cmnin o A Ci(1 Incorporation

Figure 1 shows the in vitro incorporation
of “C-labeled L-arginine, L-leucine, L-

lysine, L-phenylalanine, and L-vaiine in
nmicrosomes from i)imenobarbi ta 1-treated

and control rats. Using 85 mj�imioles of �4C
amino acid precursor in the systeimm, there
was at least a twofold increase in the in-

corporating activity of phenobarbital nmi-
crosomes. With time exception of L-[’4C]-

phenylalanine the increased! incorporation

rangedi within the relatively narrow limits

of 108-134%. Witim L- [14C] -phenyialanine,
however, the microsomes from phenobar-
bital-treated rats incorporated over 268%
greater amounts than did time control micro-

somes. This may be due to a relatively

+128%

+266%

+256%

+125%
+134%

Fia. 1. In vitro amino acid incorporation by microsomes front control and phenobarbital-treated

rats

Incubations were as indicated in Methods. The specific a(ivities of each L-amino acid were as fol-
lows: arginine (S. A. 9.23 mC/nmmole), leucine (SA. 5.7 mC/mmole), lysine (S. A. 7.1 mC/mmole),

phenylaianine (S. A. 9.13 niCi’ununole), vahine (S. A. 4.8 mC/niniole).
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corporation in microsornes from normal and

phenobarbita!-treated rats

Incuhations were as indicated in Methods.
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greater content of L- [‘4C1 -phenylalanine in
time newly synthesized proteins of pheno-

barbital-treated rats. Figure 1-�al+� shows

amino acid incorporation in the same prep-
arations when 255 m1.�moles, or a threefold
greater concentration, of amino acid was

used. The similar results obtained with this
level of amino acid indicate that time ob-
served differences are not due to altered
levels of endogenous amino acids.

Effect of Phen.obarbital on the Rate of

L- [14C] -Phenylalanine Incorporation

into Protein

Figure 2 demonstrates the rate of in-

corporation over a 30-mm period for the

microsomes from normal and pimenobarbi-

tal-treated rats. Botlm the initial rate of
incorporation as well as the total amount
of amino acid incorporated at 30 mm is

higher in the preparation from phenobarbi-
tal-treated rats. If the effect of phenobarbi-
tai was to increase the stability of the
microsomal incorporating system, one
might expect similar initial rates. The re-
sults shown in Fig. 2 suggest that the

greater incorporation in microsomes from
phenobarbitai-treated animals is independ-

ent of any preservative effect of pheno-

barbital on the active life of the incorporat-
ing system.

We_also found that the increased L- [14C] -

phenylalanine incorporation of phenobarbi-
tal-treated microsomal preparations rela-

tive to the control is maintained over an
eigimt-fold variation in the level of L-[14C]-
phenyialanine added to the system. This
suggests that the stimulation of L- [14C} -

phenylalanine into protein by phenobarbi-
tai is not due to a tiecrease in tile endoge-
nous L- [‘2C] -�)henylalanine levels which
might have decreased the dilution of
L-[14CJ-phenylalanine add!ed to the system

and hence yield!ed a higher specific activity

of the L- [14C} -phenylalanine precursor

pool.

Effect of ATP, MgC12, Creatine Phosphate,

and Creatine Phosphokinase, GTP, and
GASH on the Incorporation of
L- [‘4C} -Phenylalanine

Figure 3 shows the effect of varying
amounts of ATP, MgC12, and creatine

pimosphate plus creatine phosphokinase on
L- 114C1 -phenylalanine incorporation in

microsomes isolated from phenobarbital-
treated and control rats. The greater ac-
tivity of microsomes from phenobarbitai-
treated rats is observed both at optimal

and suboptimal cofactor concentrations.
Both microsomes from phenobarbital-

treated and control rats exhibited maximal
incorporation at the same levels of cofac-
tors added to time system. This indicates
that the increased L- [‘4C]-phenylalanine

incorporation in vitro in the microsomal

preparation from phenobarbital-treated

rats is not due to a possible phenobarbital-

induced variation in the endogenous levels

of ATP, MgCl2, or creatine phosphate and
creatine phosphokinase.

The effects of various concentrations of

GTP and GSH on L-[14C1-phenylalanine
incorporation are shown in Fig. 4. The
greater incorporating activity of the micro-

somes from phenoharbit al-treated rats was
observed over a wide range of concentra-
tions of added GTP and! GSH. The similar

shapes of the curves of incorporating ac-
tivity versus cofactor concentration mdli-
cates that mmcrosomes from control and
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FIG. 3. Effect of ATP, MgC12, and creatine phosphate and creatine phosphokinase on L-[’4C]-phen-

jjlakznine incorporation in microsomes from contro’ and pimenobarbital-treated rats

The arrow indicates the amount of added cofactors in the standard incubation. Experimental condi-

tions are described in Methods. Concentrations of CP and CK were 400 �mo1es/m1 and 2.5 mg/mI,
respectively.
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FIG. 4. Effect of GTP and GSH on L-[’4C1-phenylalanine incorporation by the microsomes from

contro! and phenobarbital-treated rats

The arrow indicates the amount of added cofactors in time standard incubation. Experimental condi-

tions are described in Methods.
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phenobarbital-treated rats have similar if
not identical requirements for amino acid

incorporation. The identical requirements

for GTP are of particular interest in the
light of the report by Hoagland et al. (18)
of a microsomal inhibitor of amino acid
incorporation whose action is antagonized

by GTP. Our data indicate that the effect
of phenobarbital is not mediated through
an alteration of this factor. If this were

the case, no increased incorporation would
be observed with high levels of GTP and
the shape of the GTP requirement curve

would be altered.

Effect of Microsome and Ribosome

Concentratian on the L- [14C] -

Phenylalanine Incorporating Activity in

Preparations from Control and

Phenobarbital-Treated Rats

Figures 5A and SB show time results of
experiments in which various amounts of

microsomes and ribosomes were incubated
in the standard incubation mixture. The

input of microsomal protein varied from

3.5 to 10.5 ing protein and the input of

ribosomes varied from 2.67 to 5.25 mg pro-
tein. The specific activity of protein was

determined and then corrected for the
amount of RNA added to each flask. Over
a threefold range of added microsomes the
L-[14C] -phenylalanine incorporating activ-
ity into protein of the microsomes from
phenobarbitai-treated rats was more than
250-350% more active than control prep-

arations (Fig. 5A) . On the other hand,
ribosomes prepared from the same pheno-

barbital-treated rats were only 20-40%
more active than control ribosomes (Fig.
5B). Thus, in the case of microsomes the
increased activity is maintained over a

wide range of microsomal concentrations
indicating that the effect is not due to a

relative lack of microsomal enzymes such
as aminoacyl transferases which might be
relatively deficient in the control prepara-
tion. The increased activity may be due to

either a greater content of messenger RNA
or a more rapid reading of the messenger
RNA present. With ribosomes prepared by
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deoxycho!ate treatment, the large differ- 2100

ences in activity between the preparations

are not observed. Thus deoxychoiate treat- �

ment removes those factors that cause in- �
-.--- -.

creased incorporating activity in tile micro- �
somes from phenobarbital-treated rats. �

cm.. 1400�

� I � PB TREATED
Effect of Cell Sap on L-[’�C]-Phenylalanine � ______

Incorporation by Microsoines from � / . CONTROL
.5. 0’

Control and Phenobarbital-Treated Rats �

The microsomes from phenobarbital- �

treated rats are more active than those � 700 -

from the controls over the range of 0.5-4 �

mg of supernatant protein (Fig. 6) . In all �

standard incuhations, saturating levels of �
control soluble fractions are used. Thus,
the increased incorporation is not due to I 1 I

factors whicim are normally present in cell s 2 3 4

sap. Figure 6 also shows that the micro- SOLUBLE PROTEIN

somes from plmenobarbital-treated rats re- (mg)

quire twice the amount of cell sap (1.0 mg
cell sap protein) to attain maximum activ- FIG. 6. Effect of soluble fraction on

ity than do the control microsomes (0.5 pheny!alanine incorporation by microsomes from
con tro! and phenobarbita!-treated rats

mg cell sap protein).

L- {14C] -Phenylalanine Incorporation in

Phenobarbital-Treated and Control 300 .

Adren,a!ectomized Rats
‘a.-.

The administration of cortisone to rats
increases liver weight and stimulates both
RNA syntimesis and the incorporation of

)h� t)J 200-
amino acids into protein (19, 20) . Further- �
more, the administration of phenobarbital �

the hypophysis and elevates the concentra- � �

causes an increased release of ACTH from �
tion of plasma corticosterone in rats.
Hence, one possible mechanism for the �
phenobarbital-induced stimulation of L- �i �
[14C]-phenylaianine incorporation is mdi-

rect, i.e., through the release of ACTH re-
sulting in corticosteroid stimulation of pro-

tein synthesis. This appears not to be the
mechanism of phenobarbital stimulation.
Thus, Fig. 7 shows that phenobarhital � I I

treatment stimulates microsomai L-[14C1- 42.5 85 70

phenylalanine-incorporating activity in L�’C”4) PHENYLALAN/NE

adrenalectomized rats. Another possible ef- m�i MOLE/FLASK

feet of corticosteroid was an effect on free �---� PB TREATED RATS

amino acid pool size in the liver. We, there- s�-. CONTROLS

fore, compared tile microsomal preparation FIG. 7. Effect of phenobarbital treatment of

from control adrenalectonlized and pheno- adrenalectomized rats on the ability of micro-

barbital-treated adrenalectomized rats over somes to incorporate i�-[’4C1-phenylalanine

Mo!. Pharmaco!. 2, 171-186 (1966)
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a fourfold difference iim L-1’4C}-phenylala-
nine concentration. Time greater incorpora-

tion in the preparation fioimm phenobarbital-
treated rats was observed! over time entire
range of amino acid concentration tested.
This indicates that time action of pheno-

barbital is not mediated througlm an effect
on adrenal metabolism.

Effect of Preincubation of Microsomes on

L- [“Cl -Phenylalanine Incorporation in.

the Absence and Presence of

Polynridylic Acid

Figure 8 shows the effect of time of pre-
incubation of microsonmes fronm control and

loss of L- [‘�C} -phenylalanine-incorporating
activity tllPears to be similar in both prep-
arations. Thus, time greater incorporating

activity of microsomes from phenobarbital-
treated! rats appears not to be due to a rela-
tively greater stability of the endogenous
messenger RNA under our incubation con-

ditions. There is a complete loss of L-[’4Cj-

phenyialanine-incorporating activity in

both preparations after 15 mm prein-
cubation. This loss of activity is dependent
on the presence of each of the cofactors

required for maximum L- [“C� -phenylala-
nine incorporating-activity, i.e., Mg2� ion,

ATP, GTP, GSH, and creatine pimosphate-

POLY U

FIG. 8. Effect of preincubation tune on the polyuridylic acid-directed L-[”C]-phcny!alanine incorpo-

ration by microsomes from control and phenobarbita!-treated rats

Details of conditions are given in Methods.

phenobarbital-treated rats on subsequent
L- [14C] -phenylaianine incorporation. After
the indicated preincubation period, addi-
tional creatine phosphokinase, creatine
phosphate, and radioactive pimenylalanine
were added; the reaction mixture was then
incubated for 15 mm in the presence or ab-

sence of polyuridylic acid! (300 pg). The

absolute loss of i�-[’C]-phenylalanine-in-

corporatiimg activity in the microsomes from

pimenobarbital-treated rats is twice as great

as in the initially less active microsomes
from control rats. However, the rate of

creatine phosphokinase (23) . The loss of
activity is likely d!ue to a removal or in-

activation of messenger RNA since exoge-
nous messenger RNA reactivates the sys-

tern. Figure 8 also shows an inverse rela-
tiOllship between time loss of endogenous

L- [ ‘ � � -phenylalanine-incorporating activ-

ity �luring the preincubation and the stimu-

latorv activity of I)olyllridlYlic acidi. Thus,

poivuridylic acid-directed L- [‘�C 1-phenyl-
alanine incorporation increases per milli-
gram protein from 150 cpm in the control
preparation with no preincubation to 390
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el)nm in time same l)reparatioim that imas been
preincubated for 9 mm. Sinmi!arly, in nmicro-

soimles from phenobarbital-treated rats time
dlifference between incorporation in the
presence and absence of l)olyuridylic acid
increases per milligram protein from 130
C�Ifl witim no preincubation to 517 cpm

after 9 mm of preincubation. Thus, the
preparation from phenobarbital-treated

rats shows a greater endlogenous nmessenger

RNA activity and after pieincuhation, a
greater sensitivity to exogenous messenger

RNA or polyuridylic acid. In both prep-
arations the sensitivity to poiyuridylic acid
increases as endogenous messenger RNA is
removed, but in microsomes from pheno-
barbital-treated rats timis increase is much
greater. Figure 9 shows that. low levels of

synthesis. Liver immicrosomes are also known

to contain nucleases which are capable of
diegrading �)Olyuridylic acid. The addition
of larger allmounts of polyuridylic acid

( 100-200 1.tg) StilliUhttes L- [ ‘‘C� -pimenylala-
nine incorporation to approximately time

Saille extent in both control and pheno-

ha rbital nonpreincubated n�iicrosomes.
Thus, the ad!dition of 200 1�g of poly-

uridylic acid! increases time specific activity
of proteins in preparations from botim con-
trol and pimenobarbitai-treatcd rats i)y
about 150 cpnm per milligram protein. This

suggests that time nunmber of sites available
for �)olyuridyhc aci(l binding in tile non-
preincubatcd preparations are similar in
both the control and pimenobarbital immicro-
somes. In other experiments, we found (22)

A B

FIG. 9. Effect of various amounts of polyuridylic acid on L-[’4C1-pheny!alanine incorporation by
nonpreincubated (A) and by preincubated (B) microsoines from control and phenobarbital-treated

rats

Experimental conditions are as described in Methods.

polyuridylic acid (25-50 �tg) have very
little stimulatory effect on L_[’4C]-

pimenylaianine incorporation in either non-

preincubated preparation. This is likely
due to the rapid! degradation of low levels
of poiyuridylie acid by endogenous nu-

cleases. Barondes and Nirenberg (21 imave
shown that mucll of the poiyuridylic acid
added to E. coli extracts was degrad!ed
within a few minutes. This degradation
was not dependent on polypimenylalanine

that preincubation of microsomes renders
them completely devoid of L-[’4C}-

phenylalanine-incorporating activity but
increasingly sensitive to polyuridylic acid-

directed L- [‘4C1 -phenylalanine incorpora-
tion. Figure 9B shows the effect of poiy-

uridylic acid on L-[14C]-phenylalanine in-

corporation in preincubated microsomes
from control and phenobarbital-treated
rats. Here both preparations are sensitive

to low levels of polyuridylic acid which
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are not effective in the nonpreincubated

preparations. Timis is likely due to a greater
potential for polyuridylic acid attachment
after endogenous messenger RNA has been
renioved. This explanation is further sup-
ported by the data in Fig. 8, which show

that tile effect of polyuridylic acid increases

as endogenous L- [14C1 -phenylalanine-in-
corporating activity decreases. Figure 9B
shows that over a wide range of poiy-

uridylic acid! concentration (25-200 �g)
the preincubated microsomes from pheno-
barbital-treated rats are approximately

twice as active as control preparations.
Thus, under conditions where L- [‘4C1 -

phenylalanine incorporation is directed
solely by exogenous messenger RNA, i.e.,

polyuridylic acid, the microsomes from
phenobarbital-treated rats are about twice
as active as control microsomes. This is in
contrast to the nonpreincubated micro-

somes where the effect of polyuridylic acid
was identical in preparations from both

control and phenobarbital-treated rats. The
most likely explanation for the relatively

greater sensitivity of preincubated micro-
somes from phenobarbitai-treated rats is

that these microsomes have both more
endogenous messenger RNA and more mes-
senger RNA binding sites. The excess sites
of the microsomes from phenobarbital-
treated rats are bound with messenger RNA

and are not available to polyuridylic acid
in the nonpreincubated preparations but

PHENYLALANINE INCORPORATION IN MICROSOMES

NON

PRE INCUBATED
PR EINCU BATED

MICROSOMAL PROTEIN (mgI

NONE IOOpg

ADDED POLY U

200pg

PHENYLALANINE INCORPORATION IN RIBOSOMES

NON-

PREINCUBATED
PREINCUBATED

.75

RIBOSOMAL PROTEIN(mg)

NONE lOOpS

ADDED POLY U
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become available during the preincubation

ll[O11 r�inova1 of endog�nous rne�enger
RNA. This suggests that the greater en-
dogenous incorporating activity of micro-

somes from phenobarbital-treated rats is

due to an increase in the microsomal con-
tent of messenger RNA and the greater

sensitivity of preincubated microsomes
from phenobarbital-treated rats to poly-
uridylic acid is due to an increased num-
ber of available binding sites for poly-
uridylic acid. Time greater sensitivity of
phenobarbital microsomes to polyuridylic
acid is not due to a possible decrease in
the endogenous ribonuclease activity since
the increased sensitivity is observed with

greater than saturating levels of poly-

uridylic acid (400-600 jig).

L- [‘IC] -Phenylalanine Incorporation in

Nonpreincubated and Preincubated

Microsomal and Ribosoinal Preparations
from Control and Phenobarbital-

Treated Rats

The top of Fig. 10 shows time results of

an experiment similar to that shown in
Fig. 9. In timis experiment incorporation
was measured with two levels of micro-

somal input and the results were calculated

on the basis of total incorporation per
nmilhgram of microsomal RNA in the flask.
With nonpreincubated microsomes, L-

[ ‘4C1 -phenylalanine incorporation remains
constant at two levels of added microsomes,
and in each case time microsomes from
phenobarbital-treated rats are about twice
as active as controls. After preincubation,
however, both control and phenobarbital
nmicrosomes are inactive unless polyuridylic
acid is added to the system. With the addi-

tion of either 100 1ug or 200 jig of poly-
uridylic acid the phenobarbital micro-
somes are about twice as active as the con-

trol preparations. The lower half of the
chart shows a similar experiment per-

formed in ribosomes isolated from the
same group of rats. Although there are
marked differences in microsomal L- [14C] -

phenyialanine incorporation there is only
a negligible difference between ribosomes
from control and phenobarbital-treated
rats. This is true when L- {‘�C} -phenylala-

nine incorporation is directed either by

endogenou� mc�cng�r IINA or by poly-
uridylic acid. Hence, the factors respon-
sible for the stimulatory activity of pheno-

barbital are removed by deoxycholate
treatment during the preparations of the
ribosomes and! are likely component.s of

the endoplasmic reticulum.

Effect of 111#{231}i2+Ion Concentration on
Polyuridylic Acid Stimulation of

L- [‘�C} -Phenylalanine Incorporation. in

Preincu.bated Microsomes and

Ribosomes

In determining time cofactor requirelToents

for L- [14C1 -phenylalanine incorporation we
observed that the optimal Mg’� concen-
tration required for L- [‘�C} -phenyla!anine

incorporation directed by endogenous
messenger RNA, i.e., in the nonpreincu-
bated system, was different than the opti-
mum Mg’� concentration required for poly-

uridylic acid-directed L- [ � -phenylala-
nine incorporation. Thus, witim endogenous

messenger RNA-directed L- [14C� -phenyl-
alanine incorporation there is a broad! opti-
mum of Mg’� concentration ranging from

6 to 12 mM whereas witim polyuridylic acid-

directed L- [1�Ci -phenylalanine incorpora-
tion there is a sharp Mg’� ion optimal con-
centration of 12 mM. Thus, it seemed that
one possible explanation for the greater
sensitivity of preincubated phenobarhital
microsomes for polyuridylic acid-directed

L- [‘4C1 -phenylalanine incorporation might.
be that it was due to an increased affinity
of the phenobarbital mierosomes for I\1g’�
ion. Figure 1 1 slmows, however, that over a
wide range of suboptimal to optimal Mg’�

ion concentrations the microsomes from
phenobarbital-treated rats were more ac-

tive. The ribosomes from control and
phenobarbital-treated rats, however, show
similar polyurid!ylic acid-directed L-[14C1-

phenylalanine incorporation over a wide
range of Mg2� ion concentrations. Also in

other experiments we found that bot.im time
endogenous Mg25 content and the ability

to bind Mg’� was identical in inicrosomes
from control and phenobarbit.al-t reated

rats.
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50

FIG. 11. Effect of Mg’� on po!yuridylic acid stun u!ation of L-P4CI-pheflykzlafline incorporation of

preincubated microsomes and ribosomes

Effect of Phenobarbital Pretreatment on

the Distribution of Membrane-Bound
Ribosomes to Free Ribosomes in Rat
Liver Microsomes

Henshaw et al. (16) have used sucrose

density gradient centrifugation to show

the distribution of free ribosomes and timose
bound to the endoplasmic reticulum. We
applied this technique to microsomes oh-
tamed from control and phenobarbital-
treated rats. Figure 12 shows time distribu-
tion of the microsomal fraction sedimented
for 2 lIr in a linear sucrose gradient of 5-
20% layered over a 50% sucrose solution.
The microsomes from phenobarbital-treated

rats have a greater proportion of more
rapidly sedimenting components ; these rep-

resent ribosomes attacimed to endoplasmic
reticulum, as compared to the less rapidly

sedimenting polysomes and ribosomes that
are not attached to large membrane com-

ponents. These results indicate that the
phenobarbital microsomes contain a greater
proportion of rihosomes attached to mem-
branes than do control microsoimmes. Table

1 shows the results of four sucrose density

gradient exI)eriments in which the distribu-
tion of microsomes from control and pheno-
barbital rats was determined. In each case

the ratio of heavy to light fraction is
greater in the phenobarbital than in the

control microsomes. Thus , phenobarbital-
ind!uced increases in this ratio ranged from
28 to 99% in the four experiments. Hen-

shaw et a!. (16) have suggested that the
bound microsomes are the more active
species in amino acid incorporation. If
this is so, timen at least part of the increased
L- [“C] -phenylalanine incorporation activ-

ity may be explained by a shift in the dis-
tribution of ribosomes from the free to the
membrane-bound state.

Effect of Phenobarbital Pretreatment on

the Yield of Agranular Endoplasmic

Re ticuin in

Several investigators (4-6) have shown

by electron microscopy that phenobarbital
increases the amount of agranular endo-
plasmic reticulum. We isolated this sub-

cellular fraction by the method of Dallner
(17) and found an increased yield of this
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FIG. 12. Sucrose density gradient analysis of microsomal fractions of liver from phenobarbital-

treated and control rats

TABLE 1

Effect of pheno barbital pretreatment on the ratio of boii nd to free ribos onus in the i nicrosoinal fracti on of rat liver

Expt. Inter- Ratio Per cent

no. Sample J.Ieavya mediate� Lighta heavy :light increase

1 Control

Phenobarhutal

11.04

14. 13

3.08

1 .44

6.22

5.60

1.78

2.53

-

+42

2 Control

Plmenol)arhital

9.39

1 1 . 63
2.16

2 . 00

3.63

2 . 59

2.6

4 . 9

-

+76

3 Control

Phenoharhital

9.55

11.53

1.21

1.51

5.22

3.05

1.88

3.75

-

+99

4 Control

Phenoharhital

11.44

13.13

2.36

1.70

5.49

4.49

2.1

2.7

-

+28

a Figures refer to total absorption at 260 mj� for the areas eluted from the sucrose density gradi -

ent. “Heavy” refers to tubes 2-9; “intermediate” to tubes 9-19; and “light” to tubes 20-25.

TABLE 2

Yield of smooth-membrane fraction from control and phenobarbital-trealed rat liver

Expt.

no. Sample
1tNA

(mg/g liver)a

Protein

(nmg/g liver)a

Per cent of

control

(protein

content)

RNA:

protein

1 Control

Phenobarbital

0.100

0.085

1.6

2.1

-

131

0.06

0.04

2 Control
Phenoharbital

0.102
0.150

1.5

4.7

-

313

0.07
0.03

3 Control

Phenobarbital

0.026

0 . 052

0.6

1 . 2
-

200

0.04

0.04

0 Figures represent yields of material from 1 g liver.
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fraction when the aninials had had prior

treatment with phenobarbital. Thus, in
three experiments (Table 2) the pheno-

barbital pretreatment increased the yield

of this fraction by 31, 213, and 100%. This
result confirms time report of Orrenius et al.

(6) , who found a phenobarbital-induced
increase in both the granular endop!asmic
reticulum and time agranular endoplasmic

reticulum.

DISCUSSION

Phenobarbital rel)resents one of a large
numl)er of drugs which increase the ac-

tivities of a number of liver microsomal
enzyme systems ( 1-3) . In addition to
pharmacologically useful drugs, carcinogens
such as 3-met.hylcholanthrene and 9,10-
benz [a] pyrene, increase the activities of
certain microsomal enzyme systems. One
of the enzyme systems enhanced to a large
extent by both phenobarbital and 3-methyl-
cholanthrene is the system that hydroxy-
lates aromatic rings. Thus, the microsomal

hydroxylation of hexobarhital, aniline, and
the polycyclic aromatic hydrocarbons is
increased manyfold. In addition, enzymic

reactions involving N-demethylation , S-

demethylation, and O-demethylation, nitro
reduction, and glucuronide formation as
well as NADPH cytochrome reductase and
NADPH oxidase are increased by prior
treatment of the animal with “inducing”

drugs (1, 2). Other microsomal enzymes
such as glucose 6-phosphatase, NAD�-cyto-

chrome C reduct.ase, and otherwise induci-
ble enzymes of the cell sap such as trypto-
phan pyrrolase and arginase (23) are either
depressed or unaffected by the administra-
tion of phenobarbital (5, 22). There ap-

pears to be a broad range of activity both
with respect to the type of molecule which

is able to elicit the stimulation and with
respect to the enzyme activities that are
stimulated. Thus, a single inducing drug

will stimulate a number of microsomal
enzyme systems and any given enzyme ac-

t.ivity can be stimulated by drugs of con-
siderably varied structure. On the other
hand, the stimulation is not general in all

cases. For example, 3-methylcholanthrene

exhibits a relatively limited range of stimu-
latory activity, does not affect microsomal

protein content nor affect gross morpho-

logic changes in the agranular endopiasmic

reticuluni. On the other imand, phenoharbi-
tal causes increases in a number of differ-

ent activities, increases microsomal pro-
tein content., and alters time morphology of
the agranular endoplasmic reticulum.

In various studies (6, 7, 24) simultaneous
ethionine, puromycin, or actinomycin treat-

ment have been found to prevent the drug-
induced increases in microsomai enzyme
activity. The prevention or reduction of

these increases i)y drugs inhibiting protein
or RNA synthesis suggests that the in-
creased enzyme activities are the result of
increased messenger RNA and protein syn-
thesis. 3-Methylcholanthrene has been
found to cause an increase in both the
RNA : DNA ratio and the messenger RNA
content of rat liver nuclei (25). Timis agent

also increases microsoimial amino acid in-
corporation (22) . Other studies have shown
that phenobarbitai causes a microsome
specific increase in in vivo amino acid in-

corporation (9) . If phenobarbital increases
the rate of synthesis of a sufficiently high
proportion of the total proteins synthesized,

one would expect the overall rate of amino
acid incorporating activity to be increased.
In our experiments we found that the ex-
tent of stimulation of L-[’4CJ-phenylala-
nine incorporation i)y polyuridylic acid

was identical in microsomes from control
and phenobarbital-treated rats. This was

true, however, only if the polyuridylic acid
was added to microsomes that contained
endogenous messenger RNA. This suggests
that. the enzymes and cofactors required
for polyuridylic acid-directed L- [14C} -

phenylalanine incorporation are present in

saturating amounts in each incubation.
Since microsomal L- [14C] -phenylalanine in-

corporation was identical with respect to
exogenous messenger RNA, the greater in-
corporation by nonpreincubated control
microsomes is likely due to a greater con-

tent of endogenous messenger RNA. Fur-
thermore, when time endogenous niessen�er
RNA is removed by a preincubation, the
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microsomal system is no longer equal in
sensitivity to polyuridylic acid. After re-

moval of endogenous messenger RNA by
preincubation , the piienoharbital micro-
somes display greater L- {14C1 -piienyiala-

nine-incorporating activity in the presence
of either subsaturating oi� saturating levels
of polyuridylic acid. This suggests that
preincubation removed larger amounts of
endogenous messenger RNA from micro-
somes of phenoharbital-treated rats and

timereby yielded a greater number of sites
for polyuridylic acid attachment in this
preparation. Thus, time microsoimles fronm

phenobarbital-treated rats devoid of their
greater endogenous messenger RNA con-

tent contain a greater number of sites for
messenger RNA attachment and are there-

by more sensitive to the addition of an
exogenous imlessenger RNA such as poly-

uridylic acid.
Both the greater L-[14C�-phenylalanine-

incorporating activity of nonpreincubated
phenobarbital microsonmes and the greater
sensitivity to added polyuridylic acid are

characteristic of microsomes from pimeno-
barbital-treated rats, but. not of rihosoines
from the same animals. Thus, the sodium

deoxycholate treatment which solui)ih zes
the lipoprotein components of the endo-

plasmic reticulum, and thereby renders the
ribosomes free from membrane, appears to
remove the increased amount of messenger

RNA as well as the increased nuimiber of
attachment sites induced by phenobarbital
treatment. These results suggest that the
membrane or deoxycholate solui)le micro-

somal components play an important role
in protein synthesis, perhaps by properly

aligning messenger RNA and ribosomes.
Campbell et al. (26) have found that. micro-
somes but not ribosomes from regenerating
liver have a higher in vitro amino acid-
incorporating activity. In this respect, timeir
results with liver regeneration are similar

to those reported here.
Henshaw et al. (16) have suggested that

the endoplasmic reticulum plays a role in
the protein-synthesizing activity of micro-
somes. This conclusion was reached by the
findings that the ribosomes attached to

membrane components were more active

in protein synthesis than free ribosomes.

Our studies indicate that a small part of
the greater activity of microsomes from

phenobarbital-treated rats may be due to

the observed shift to a greater proportion
of membrane-bound rihosomes.
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