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PROTEIN SYNTHESIS IN RABBIT RETICULOCYTES*: A RADIOIMMU-

NOASSAY METHOD I'OR DIRECT DETERMINATION GI' EIF-2 CONCEN-

TRATIONS IN RETICULOCYTE LYSATES.
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'Summary

- A radloimmunoassay method for direct deterxrmination
of elF-2 concentration in ¥Yeticulocyte lvsate has been
developed. This assay method measures elF-2 concentratio-

ns in nanogram range. A value of 40 pmol eIF-2 per ml of

reticulocyte lysate was obtained.
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INTRODUCTION

It is now generally agreed that the eukaryotic pepti-
de chain initiation factor eIF—2l plays a key role in re-
gulation of protein synthesis initiation in eukaryotic
cells, for a review, see Ref. 2. eIF-2 forms a ternary

complex, Met-tRNA_.eIF-2 GTP as the first step in pepti-

de chain initiatiin (3,4). The eI¥-2 concentrations 1in
cell-free extracts and also in purified preparations are
mostly determined by using a Millipore filtration assay
method; the initiation complexes formed with Met-tRNAf,
eTF-2 and GTP are guantitatively retained on Millipore
filters (3). |
Recent report from our laboratory and elsewhere indi-
cate that the ternary complex forming activity of eIF-2
is regulated by several factors which include Co-eIF-ZA
(5-9 ), Co-eIF-2B (3,10), Co-eIF-2C (11-13), eIF-2 kina-
ses (14-16), sRF (17}, Met—tRNAf deacylase (1), and also
Hg++ (11,13,17). Consequently, the Millipore filtration
assay method for eIF-2 activity in crude cell-free pre-
paration repfesents +he sum total activity of eIF-2 in
‘the presence of ancilliary factors. To gain a better un-

derstanding of the precise roles of eIF-2 and its ancili-

ary factors in regulation of eukaryotic protein synthes-

The abbreviations used are: elF-2, eukaryotic peptide
chain initiatimn factor 2, forms Met~tRNAf.eIF—2.GTP com-
plex (3,4); Co-eIF-24, a factor stimulating Met—tRNAf bi-
nding to eIF-2 (5,7). Co-eIF-2B (IDF)}, a factor promoting
dissociation of ternary complex at high Mg++ concentrati-
ons{(3,10). Co—-eIF-2C, rel ieves Mg++ inhibition of ternary
Cﬁmpley fﬂrmétiﬂn(ll%. SRF, post ribosomal supernatant
factor that reverses protein synthesis inhibition in he-

me-deficient lysates (17); anti-eIF~2, immune serum to

elF—2.
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is, it will be necessary to develop an assay method which

measures directly the concentrations of these factor acti
vities as they are present in the cells and the changes
in these factor activities under different rhysiological
conditions.

Recently, we reported preparation of eIF-2 antibodi-
es by injecting homogeneous reticulocyte eIF-2 preparati-

ons to chickens. We have now used these eIF~2 antibodies

and have developed a sensitive radioimmunoassay method
for direct measurement of eIF-2 activity in reticulocyte
lysate. This assay method measures eIF-2 concentrations
an the nanogram range. A value of 40 pmoles of eIF-2 per

ml of reticulocyte lysate was obtained.

MATERIALS AND METHODS

. Materials:

'iEOlth Hunter reagent was obtalined from New England
Nuclear. Rabbit Anti-Sera to chicken IgG was purchased
from Miles Laboratories,

~ Reticuloctye Lysates and Initiation Factor:

The preparation of rabbit reticulocyte lysates and
peptide chain initiation factor, eIF-2 has been descr-
ibed previocusly (3). The homogeneous el¥F-2 preparation
showed three protein bands upon sodium docdecyl sulfate
polyacrylamide gel electrophorsi corresponding to appro
ximate molecular weights of 54,000, 52,000, and 38,000
(3).

ITmmune Serum:

Anti-eIF-2 serum was prepared following the proce-
dure descriked previously (7). A six-month-old chicken

was immunized using homogeneous eIF-~2. The first injec-
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+ion (Day 1), 0.5 ml containing 0.25 mg of homogeneous
eTF-2 preparation was given with 0.6 ml of complete
Freund's adjuvant (GIBCO). On day 12, the immunization

was repeated using 0.5 ml of protein (0.25 mg) and 0.6

ml of complete Freund's adijuvant. The final injection
was performed on Day 29 using 0.3 ml of elIF-2 and 0.5 ml
of complete Freund's adjuvant. Blocd was drawn from the

wing vein before immunization (to prepare control serum)

and on Day 31, Serum was stored in small aliquots in 1li-
quid nitrogen.
“Todination of elIF-2:

Homogeneous elF-2 preparation was iodinated using
the procedure of Bolton and Hunter (18) . The reaction
mixture contained {(in a total wvolume of 50ul) 20 mM po-
tassium phosphate, pH 7.6; 10 Ug homogeneous elF-2 and
dried iodinated ester, and was incubated at UGC for 30
miputes with occasional stirring. The reaction mixture
was then applied on to a Sephadex G-25 column (0.5 ocmx
10cm) equilibrated with a buffer containing 20mM Tris-
HCl, pH 7.6, 0.1 M potassium chloride and 1 mM dithio-
thriothreitol. Iodinated eIF-2 was eluted in the volid
volume and was separated from unbound radioactivity.The

specific activity of eIF-2 was 1.9 % 107 cpm/Ug.

Radioimmunoassay:

Chicken immune serum (5H1) (1:40 dilution) containing
eIF-2 antibody was taken in a glass tube (10 mm X 75 mm)
and was mixed with varying concentrations of (1251)— la-
belled eIF-2 in a total volume of 50 ul containing 10
mm Tris-HCl, pH 7.6, 0.1 MKCl, and 50 yg bovine sexrum

21brumin. The reaction mixture was then incubated at
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37 for 1 hr followed by a further incubation at 4° C

for 14 hr., After the incubation, 5 Ul carrier non-immune

chicken serum was added to each tube followed by another
addition of 20 ul of anto-chicken 1gG rabbit serum. The
reaction mixture was then 1lncubated at 30°C for  hr fol-
lowed by a further incubation at 2°c for 8 hrs. The con-
tents of each tube were then layered on 0.15 ml sucrose

solution (1 M) containe in polyethylene centrifuge tubes

(0.4 ml capacity) and were centrifuged for 1 minute in a
Beckman microfuge. The bottom tips of the centrifuge tu-
bes were carefully sheared off with a razor blade and
counted in a Beckman gamma counter.

For measurement of eIF-2 concentrations in reticulo-
cyte lysates, different amounts of reticulocyte lysates
were added to 5 ul containing 10 mM Tris-HCl1l, pH 7.6,0.1
M KCl1 and 50 g bovine serum albumin. The reaction mixtu
res were preincubated for 1 hr at 30°C and 4 hrs at 4°C

G 1.2
prior to the addition of 1.5 ng of ( 51)-&1?-2, The rea

_ 1

ction mixtures containing 251)—labelled elF-2 were aga-
in incubated at BTGC for 1 hr and at 4°c for 14 hrs.The
antibody bound eIF-2 was separated from unbound elF-2 Dby

the double antibody technigue as described above.

- RESULTS

Recently, we have prepared eIF-2 antibodies by injec-
ting homogeneous preparations of reticulocyte elF-2 to
chicken, The chicken immune serum thus prepared strongly
inhibited protein synthesis in reticulocyte lysates and
such inhibition was overcome by preincubating the immune
serum specifically with eIF-2 and not with any other pro-

tein factor. To further test the specificity of eIF-2
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antibody, we iodinated a partially purified preparation
of eIF-2 (Fraction IV (3)) and incubated the lodinated
eIF-2 with chicken immune serum. The immunoprecipitate,
supernatant solution and also an original sample of iodi-
nated eIF-2 were then analyzed by SDS-polyacrylamide gel

electrophorsis followed by autoradiography.
Fraction IV eIF-2 preparations showed, in addition

to the characteristic elF-2 protein bands, several other
faint contaminating protein bands({track 3). However, the
immunoprecipitate showed only the characteristic elF-2
protein bands and no contaminating protein bands of the
original eIF-2 prepayation. In this experiment, the 52,
000 and 54,000 protein bands of eIF-2 were not resoplved
and appeared as a single intense band. The supernatant
solution after immunoprecipitation did not contain any
eIF-2 protein band.

| Fig.l shows the extent of{'lzsI‘ -labelled eIF-2 bi-
nding to a fixed amount of anti-elF-2 serum{5 uyl, l1: 40
dilution at different concentrations of added.[1251-]
labelled elIF-2. {:125 ] -eIF-2 binding to antibody showed
a slight lag at low eIF-2 concentration (0.3 -~ 0.6 ng
level) and then increased almost linearly with added elIFr-
7. eIF-2 binding to antibodies reached a plateau at an
eIF-2 concentration above 1.5 ng presumably because of
the limitation of antibodies. Under the experimental co-
nditions and in the presence of 1.5 ng elF-2, 70 percent
of input( 125]2] -eIF-2 was bound to the antibodies. The
binding of lleIj -eIF-2 is clearly specific to el¥F-2 an-
tibodies; no binding mf[:lEBIj -eIF-2 was observed when.
control serum was used in this experiment,

As expected, the binding Gf[leIJ labelled elIF-2 to

anti-eIF-2 could be inhibited by preincubation of the an-
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tiserum with unlabelled eIF-2. A typical inhibition curve
for (125I] ~elIF-2 binding to antibodies by prior incubati-
on of unlabelled eIF-2 with antiserum is shown in Fig.2.
As mentioned above, under the conditions of the experime-—
nt and in the presence of 1.5 ng'ilzslj elr-2,70 percent
of input elF-2 was bound to anti-elF~-2-serum. Prior incu~
bation of anti-eIF-2 serum with unlabelled eIF-2 with in-
creasing concentrations lowered progressively subsequent
binding Gf'[125l) eIF-2 to anti-elIF-2 serum. Under the
experimental conditions, prior incubation of anti-eIF-2
serum with 0.8 ng of unlabelled eIF-2 reduced sub seguent

A : 125
binding of 1nput[r I} -elF-2 to antiserum to 50 percent.

125 * e
BIJIeIFHZ binding was also

A similar inhibition of [
observed by prior incubation of anti-eIF-2 serum with re-
.ticulﬂcyte lysates at different concentrations. A typical
_-'_inhibitiﬂn curve for [125-11 -elF-2 binding to anti-eIF-2
'serum'by added reticulocyte lysate (1:20 dilution)at:dif-
.ferent concentrations is shown in Fig.3. From this curve,
it can be seen that addition of 3 ul reticulocyte lysate
.fl:20 dilution) lowered the binding of input {leI}eIF—2
to anti-eIF-2 serum to 50 percent. From the results des-
cribed in Fig.2, this amount of inhibition was caused by
0.8 ng homogeneous eIF-2., From these results, we conclu-
de that 3 ul reticulocyte lysate(l:20 dilution)contains
0.8 ng elF-2., These results coxrespond to a value of 40

pnol eIf-2 per ml of reticulocyte iyEate assuming a mol-

ecular weight of reticulocyte eIF-~2 to be 140,000.
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Discussion

" The radioimmunoassay method described in this paper
measures nanogram concentrations of eIF-2 present in cell
free extract. More importantly, this assay method can be
used to determine directly the cﬂncentrétinn of elF-2 in
the presence of other ancillary factors. As mentioned pr-
.eviausly, several ancillary factors present in the cell
regulate the extent of ternary complex formation by elIF-
2 and the standard Millipore filtration assay method is

not an accurate measure of eIF~2 concentration in the

cell-free extract.

Using this radioimmunoassay method we obtained a val-
ue of 40 pmol of eIF-2 per ml of reticulocyte lysate. Th-
is*value agrees closely to a value of eIF-2 concentration
-in réticulocyte lysates recently reported by safer et al.
(19). The s authors measured eIF-2 concentrations in:re-

ticulocyte lysates using an isotope dilution technique
(19).

However, the radioimmunoassay method described in
this paper 1s more sensitive than the i1isotope dilution
assay method and also can be used directly in the free
éxtract independent of the presence of 40S ribosomes and

other protein factors. Mnremver,nthe'isntmpe dilution as-

say method assumes that the activity of the entire
endogeneous eIF-2 population is the same as the added
radicactively labelled eIl'-2.Reports from our laboratory
and eisewhere have clearly established that the activity

of eIF-2 varies widely depending on the presence of other

++ .
protein factors and also Mg concentrations.
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