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SUMMARY. Protein synthesis directed by exogenous {viral or cellular) messengers is
impaired, but endogenous protein synthesis is not affected in an extract of
interferon-treated Ehrlich ascites tumor cells (INT~extract). Protein synthesis
directed by exogenous messengers is also impaired in a mixture of an INT-extract
with an extract from control cells, This reveals that the impairment is due to

one or more inhibitors in the INT-extract. The nondialyzability of the inhibitor(s)
is probebly an indication of large molecular size. In & not incubated INT-

extract much of the inhibitory activity is in the high speed sediment fraction i.e.,
is presumably bound directly or indirectly to ribosomes., During incubation of the
extract most of the inhibitory activity is released into the high speed supernatant
fraction. The dose-response curve shows that in our conditions the tramnslation of
cellular messengers (from mouse L cells) is as sensitive to impairment by the
inhib%tor(s) as that ofviral messengers {from reovirus or from encephalomyocarditis
virus).

Interferons are macromolecules, presumebly glycoproteins, which are formed in
a variety of vertebrate cells upon virael infection or some other stimuli. They
are excreted, are bound to other cells and make these inefficient in supporting
the growth of a broad range of viruses, The mechanism of action of interferons has
not yet been established (1),

Extracts prepared from mouse L cells which had been treated with partially
purified mouse interferon (INT)*have an impaired capacity to translate various
added viral and cellular mRAs (2-5), Recently we shifted our studies on INT action
from mouse L cells to mouse Ehrlich ascites tumor (EAT) cells (6). Virus repli-
cation in our EAT cell line is as sensitive to INT as in L cells. We find that the
impairment of the translation of exogenous mRNA in extracts of INT-treated EAT cells
is casused by one or more inhibitors, This communication deals with some of the
characteristics of the inhibitor(s).

Results and discugsion

The amount and the time course of endogenous protein synthesis are not impaired
in an unfractionated extract (S30) prepared from EAT cells which had been treated
with 60 units/ml of INT (Fig. 1)(This was the concentration of INT used in all
experiments), If cells treated with this concentration of INT are infected Cefey
with 5 plaque forming units of reovirus/cell, they give rise to 90% less viral

progeny than untreated cells (7). It was shown earlier that a) in extracts of

*Abbreviations: EAT., Fhrlich Ascltes Tumor: FMC, encevhalomyocarditis: INT,
interferon: VSV, vesicular stomatitis virus.

Copyright © 1973 by Academic Press, Inc. i

All rights of reproduction in any form reserved.



Vol. 54, No. 2, 1973 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

a b
> — Dominance of Release of inhibitor(s)
[N Endogenous mRNA 2530 inhibitor(s) in Cex) [ from ribosomes gt
= = S200 N7 on incubation
=210 c . = L Clix), -~
a g r . ]
< (&) -7 ClIx) .
5 INT o /x/ o
o 220 ; E y J
- /
o g S L/ Clx)eM-R-Ribg
Q a / %
=% a / y,
S o [ ’ Y, 1
o St B g / J
£ - s y
L 0F X 4
2 % / J Clx)+M-R-Rib 7
E - / Tx)+INT (1x) 7
> T % X p 3
T o0 T /% INT(1x) Y
", Z -mRNA) . 4
L i [ L Lo L Sldleiiuinir L n
0O 10 20 30 40 e 0 30 60 0 30 60 90
Time (min) Time (min) Time (min)

Fig. 1. Similarity in the kinetics of endogenous protein synthesis between non

reinc. extracts from INT-treated and7from control cells, The sp., act, of the
mouse INT preperation used was 2 x 10 NIH mouse reference strandard units/mg
protein, This corresponds to 8 x 10° vesicular stomatitis virus (VSV) plaque
reduction units/mg protein in an assay used in this laboratory (7). The units
throughout this paper are VSV plaque reduction units. The procedure for purifying
INT from EAT cells will be published elsewhere (Weideli et al., in preparation).
Preparation of the S30 extract from EAT cells., EAT cells (ET'were grown in
suspension cultures in Eagle's MEM zfrom Grand Island Biological) with 10% fetal
calf serum at 37°. The growing culture was diluted to a density of 4 x 10° cells/ml
and was distributed into two flasks, One part was treated with 60 units/ml of INT
for 18 hours the other served as a control., Thereafter S30 extracts were prepared
according to the procedure in ref, (9) except that the solution in which the cells
were washed was supplemented with 12 mM glucose, Each S30 extract was passed
through a column of Sephadex G25 (medium) equilibrated with TKM buffer (25 mM
Tris-Cl (pH 7.5), 80 mM KCl, 4 mM Mg ecetate, 6 mM 2-mercaptoethanol}. The product
nonpreine., S30 (30 A260 units/ml) was stored in liquid nitrogen. Amino acid
incorporation in vitro and the processing of the samples was performed as in ref.
9) except that no tRNA was added. Each reaction mixture (50 ul) contained
0.88 A go Wit of nonpreinc, 830 from either INT-treated cells (curve INT) or
controt®lells (curve C). The sp. act. of the [SH) valine used in all experiments
was 6.7 Ci/mmole. The incubation was at 37°,

Fig. 2. a) Dominance of the inhibitor(s) in the S200_... b) Release of the
inhibitor(s) from ribosomes into the S200 during incuﬁggion. The cell extracts

S30c and S30 NT nonpreinc, and preinc.), the ribosomal fractions (Rib_, and Rib
nonpreinc. an& preinc.) and the 5200 fractions (8200C and 5200, . nonpreinc, an
preinc.) were prepared according to the procedures in the legeng to Fig., 1 and
Table I, Protein synthesis was directed by 1 ug EMC mRNA/30 ul reaction mixture in
all cases except those designated (-mRNA). The ionic conditions of translation
were as described in Teble I for the case of EMC mRNA., The incubation was at 30°,
At the times indicated 20 ul aliquots were taken for determining the amount of
veline incorporated. a) Each reaction mixture (120 ul) contained 3 A units of
Rib,., preinc, and 4 ug EMC mRNA unless otherwise indicated., Moreover E?QX) con=
taided 0.3 A, unit of 5200, preinc., C(2X) 0.6 Ajgg Wit of 5200 preinc.,
INr(1x) 0.3 Koo, unit of 5206, . preinc. and C(1X) 801wT(1x), 0.3 % o Wit of
5200, preinc, and 0,3 A un%g of 5200 preinc, (-mRNA) incubat%ons were per=
forméd with all the aboVeé reaction mixtiires., The actual curve shown is that with
the components of C(2X) which gave the highest incorporation. b) Preparation of
material released from ribosomes {M«ReRib): 11 A units of Rib_. nonpreinc. and
11 A260 units of RibINT nonpreinc, were incubated™in separate tub€s each with

5NT

778



Vol. 54, No. 2, 1973 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

[3H] valine incorporated (CPM x1073)

1 Il —

i 2 3 4 0 25 50 75 100
EMC mRNA (uq) tRNA (uq)

Fig. 3. Protein synthesis directed by EMC mRNA in preinc, extracts of INT-treated
and control cells. Dependence on the concentration of &) EMC mRNA. and ©) tRNA,
Each reaction mixture E30 Wl) contained 0.52 A 60 unit of 830, preinc,(curve C) or
§30,4m Preinc. (curve INT) and in a) EMC mRNA 2R%ne amounts indicated, in b)

1 g EMC mRNA (unless otherwise indicated) and in the amount indicated tRNA from
mouse L1929 fibroblasts (for the preparation of this see (10). Other conditions
wvere a8 described for translation in Table I.

INT~treated L cells the translation of various viral and cellular mRNAs is
impaired and b) the impairment is not due to the lack of required components but
to the presence of inhibitor(s) (4,5). This conclusion is based on the fact that
the translation of added mRNA is also impaired in a mixture of extracts from INT-

treated and from control cells (5).

Distribution of the inhibitor(s) between the ribosomal and the high speed super=-

natant frections in preincubated and nonpreincubated extracts. Before testing the
promotion of protein synthesis by exogenous mRNA in cell extracts the extracts are

usually incubated ("preincubation") to lower protein synthesis resulting from the

translation of endogenous mRNA. The data in Table I may indicate that in such pre-
incubated (preinc.) extracts (from INT-treated cells) which had been fractionated intc
ribosomal and high speed supernatant fractions (S200) by centrifugetion, more of

the inhibitory activity is located in the 5200 than in the ribosomal fraction.

The same data are also consistent with a deficiency of a component required for
protein synthesis in the S200 from INT-treated cells (SZOOINT). However,

supplementing a mixture of preinc, ribosomes and preinc, S200 from control cells

0.7 Aygy unit of protvein of 5200, nompreinc. at 37° for 45 minutes under conditions
for pregncubation (Table I). Théreafter the reaction mixtures were centrifuged at
200,000 g for 2-1/2 hours and the resulting supernatant fractions were dialyzed
against TKM buffer for 8 hours. The dialyzed supernatant fractions were designated
MsReRib, and M«R*Rib_ .. The composition of C(1X) was described in a). 120 ul of

the reaction mixture“contained, if so indicated, 0,24 A unit of M:R+Rib, or
260 C
M-R-RibINT.
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Fig. 4. Comparison of the sensitivity of the tramslation of viral and cellular
mRNAs to inhibition by the inhibitorzsi in the S200 of preinc. extracts from INT-
treated cells, Each reaction mixture (30 pl) contained either no mRNA or 1.4 ug
reo mRNA (for the preparation see (9)) or 1.2 ug of L cell mRNA (from mouse L929
fibroblasts which had been treated with 40 units/ml of INT§N¥or the preparation see
(5)), as well as 0.52 Aygo unit of 830, preinc. and 5200 preinc. (7.8 A 6
unit/ml, from INT—treateé EAT cells) in the amounts showil,” Translation wag 0
carried out at 80 mM KC1 (the optimal concentration for the translation of L cell

mRNVA and reo mRNA). All other conditions were as described for translation in
Table I.

(SZOOC) with preinc, 5200, results in the impairment of viral RNA directed protein
synthesis (Fig. 2a). This reveals that we are dealing with one or more inhibitors
in the preinc, S2OOINT‘

The 8200INT from a nonpreincubated (nonpreinc.) extract contains little in=
hibitory activity if reconstituted with ribosomes from preinc, extracts of cells
treated with INT (Table II, expt. I). Most of the inhibitory activity in non=
preinc, extracts seems to be located in the ribosomal fraction. The incubation of
nonpreinc, S200C with nonpreinc. ribosomes from INT-treated cells (first incubation
of expt. II in Table II) and the fracticnation of this reaction mixture results in
an S200 (designated in the table as M.R.Rib 4) with an impaired capacity in
promoting the translation of mRNA in a system reconstituted with preinec, ribo-
somes from control cells (second incubation of the same expt.). The curves in
Fig. 2b reveal that this impairment is apparently due to the release during
incubation of an inhibitory activity from the nonpreinc. ribosomes from INT-treated
cells into S2OOC. Mixing of an S200 obtained from this incubation (designated as
M.R.RibINT in Pig. 2b and as M.,R.Rib 4 in Table II) into preinc. extracts of
untreated cells inhibits the translation of added mRNA.
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Table I. Distribution of the inhibitor(s) between the ribosomal and the high speed
supernatent fractions (S200) in & preinc, extract., The extracts from INT-treated
and from control cells (530 N and S30,.) were preinc. (except that the Mg*t was 5 mM
during the process) and Sepﬁagexed and “stored according to the procedure in ref., (9).
Fractionation of S30 extracts into a ribosomal and a high speed supernatant fraction
!SZOOZ. The extracts were centrifuged at 200,000 g and 2% for 150 minutes, The 5200
was collected and the pellet (containing ribosomes) was rinsed with TKM buffer

and resuspended in the same buffer at a concentration of 300 A2 units/ml., The
suspension was centrifuged at 3000 g for 5 minutes and the resuﬁging supernatant
fraction (ribosomes) was collected, Aliquots of the 5200 and the ribosomal fractions
were stored in ligquid nitrogen, Translation of exogenous mRNA., Protein synthesis
was promoted by 1 pug of RNA from encephalomyocarditis (EMC ) virus (prepared

according to ref. (10} in reaction mixtures (30 ul) containing 1 A o wnit of
ribosomes and 0,08 A unit of 8200 from either INT-treated {INT)“or control (C)
cells. The conditiofis of the incubation were as described in ref. (9) except that
no tRNA was added and the final concentration of KC1l was 120 mM (ref. 11), 5 mM
phosphoenolpyruvate was added and the incubation was performed at 30° for 90
minutes. In these conditions viral mRNA~promoted amino acid incorporation proceeds
at close to a linear rate for at least 90 minutes. The numbers in parentheses are
pmoles of Valyl residues incorporated in reaction mixtures with no added mRNA.

These were subtracted for calculating the percent inhibition.

[3H] Valine INT-mediated
incorporated inhibition of amino
Type of Type of (pmoles) into acid incorporation
preinc, ribosomes preinc., 5200 protein (percent)
c C 7.2 (0.085) -
INT INT 1.25(0,094) 83
C INT 2,37(0.06k) 68
INT c 6.7 (0.,105) 7

Characteristics of the inhibitor(s). The fact that the inhibitor(s) are present
in S200 fractions which had been dialyzed or passed through Sephadex G25 (to remove

small molecules) reveals that the inhibitors are large molecules or are at least
attached tightly to large molecules. Heating at 95° for 10 minutes caused the
loss of inhibitory activity. This mekes it likely that the inhibitors are thermo-
labile but does not prove it., A large precipitate did form during heating and it
is conceivable that the inhibitors became adsorbed to the precipitate.

The inhibition in extracts is not overcome by increasing the concentration of
either S200INT
control cells up to threefold above the optimal (not shown), or of mRNA twofold

up to fivefold above the optimal (not shown), or of ribosomes from

above the optimal (Fig. 3a). Added transfer RNA overcomes the inhibition, but
only partially (Fig. 3b). Amounts of a partially purified initiation factor

preparation M. from reticulocytes (8) which incresse the rate of translation of reo

3
mRNA in an 830C three fold, do not increase its rate of translation in an S30INT
{not shown).

The translation of cellular mRNAs is apparently as sensitive to

impairment by the inhibitor(s) in the preinc. 5200 n 85 that of two viral mRNAs
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Table II. Distribution of the inhibitor(s) between the ribosomal and the high speed
supernatant fractions (5200) in a nonpreinc., extract. Expt. I. Each reaction
mixture (30 ul) contained 0.8 A unit of ribosomes and 0,08 Ajgn unit of 5200 of
the type indicated as well as 1l ug of EMC mRNA if so indicated. 8ther conditions were
as described for translation in Table I. Expt., II. The FIRST INCUBATION served as
a source of four types of M¢R+Rib (1, 2, 3, and LY. These were prepared as described
in the legend for Fig. 2 except that the indicated types of nonpreinc. ribosomes and
5200 were used, In the SECOND INCUBATION each reaction mixture (30 ul) contained
0.8 A2 0 unit of Rib, preinc. and 0,06 A26 unit of MsR<Rib of the type indicated.

g 1 was preparéd from sample No. 1 09 the FIRST INCUBATION, etc, Other

MeR*RI
conditions were as described for translation in Table I.
3 INT-mediated
[°H] Valine inhibition of
incorporated valine

Type of Type of (pmoles) into incorporation
Expt. ribosomes §200 protein (percent)
I INT, preinc, C, nonpreinc. 5.4 (0.,10) -
INT, preinc. INT, nonpreinc. h,9 (0.11) 10
FIRST SECOND
INCUBATION INCUBATION
II Sample Type of Type of Type of
No. nonpreinc, nonpreinc. preinc, Type of
ribosomes S200 ribosomes Me¢R°Rib
1 [ C C 1 9.0 (0.65) -
2 INT INT C 2 1.1 (0.63) 9k
3 C INT c 3 6.5 (0.63) 30
L INT C C L 3.4 (0.65) 67

(Fig., 4), (Addition of 5200, in place of 5200 .. did not cause any impairment.)
The cellulsr mRNA used was purified on oligo dT«cellulose from polysomal RNA of
INT-treated L cells (5). {(We found earlier that in an extract of INT-treated L
cells the translation of mRNA from INT-treated end from untreated L cells was
impaired to the same extent; Gupta et al., unpublished), The nondiscriminate
inhibition of the translation of exogenous viral and cellular mRNAs in the extract
from INT=-treated cells does not appear to reflect faithfully upon the events
occurring in intact INT-treated cells, In these the accumulation of viral proteins
is blocked but that of host protein is not affected (5). The resolution of this
apparent discrepancy and the elucidation of further characteristics of the
inhibitor(s) should hopefully contribute to our knowledge of INT action.

It should be noted that in these and all other studies heretofore partially
purified preparations of INT were used. Pure preparations of INT will be needed
to establish if the inhibitor(s) described in this communication are induced by
INT itself or by some other component of the INT preparation.

This study has been supported by a grant from the National Science Foundation.
We thank E, C., Henshaw for the EAT cell line, F., Anderson and R. Crystsl for the
preparation of partially purified initistion factor Mg, H. Weideli for the INT
preparation, W, D, Graziadei and L. Schaefer for reovirus mRNA, and G, Zubay for
proposing the use of phosphoenolpyruvate for in vitro protein synthesis.
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