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Protein Synthesis Initiation Factors from Human HeLa Cells and Rabbit 
Reticulocytes Are Similar: Comparison of Protein Structure, Activities, 
and Immunochemical Propertiest 

Marianne L. Brown-Luedi, Laurence J.  Meyer, Susan C. Milburn, Peter Mo-Ping Yau, Susan Corbett, 
and John W. B. Hershey* 

ABSTRACT: Five initiation factors, eIF-2, eIF-3, eIF-4A, 
eIF-4B, and eIF-5, were purified from human HeLa cells. 
Methods of protein fractionation and assays for initiation 
factors which had been developed for rabbit reticulocytes were 
found to be suitable for HeLa factors. The initiation factors 
from HeLa cells are similar to or indistinguishable from the 
corresponding rabbit reticulocyte factors with respect to spe- 
cific activities, molecular weights as determined by sodium 
dodecyl sulfatepolyacrylamide gel electrophoresis, and subunit 
structure. The molecular weight of eIF-3 particles from both 
species is about 4 10 000 as determined by equilibrium sedi- 
mentation analytical centrifugation. The partial protease 

Initiation of protein synthesis in mammalian cells is promoted 
by a large number of proteins called initiation factors. Elu- 
cidation of the roles played by these factors has been most 
extensive with those purified from rabbit reticulocytes. At least 
10 different initiation factors have been purified and char- 
acterized (Schreier et al., 1977; Merrick, 1979; Benne & 
Hershey, 1978; Sonenberg et al., 1979; Dasgupta et al., 1979; 
Amesz et al., 1979). Rabbit reticulocytes are a good source 
of initiation factors because the cell lysate is an extremely 
active system for protein synthesis and large amounts of the 
cells can be obtained. However, the reticulocyte is a terminally 
differentiated cell which has lost its nucleus and is incapable 
of cell division. Thus, these cells are unsuitable for studying 
protein synthesis in different physiological states. We have 
chosen to study human HeLa cells grown in suspension culture. 
The cells are easily grown, may be synchronized, and can be 
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fragmentation patterns of corresponding proteins also are 
similar and indicate that the primary sequences of the factors 
are related in the two species. Antisera raised in goats against 
rabbit eIF-3 and human eIF-2, eIF-4A, and eIF-4B cross-react 
with the cognate factors from both species. On the basis of 
immunoblotting techniques, eIF-4A is highly conserved, eIF- 
2a, eIF-3, and eIF-4B are somewhat less conserved, and eIF-2P 
is the least conserved of the proteins examined. The functional, 
structural, and immunological results are all consistent with 
the view that initiation factors from different mammalian cells 
are very similar. 

infected by a number of animal viruses. Furthermore, the cost 
of growing the cells is comparable to that for obtaining rabbit 
reticulocytes. We report here the purification of five euka- 
ryotic initiation factors (eIF)' from HeLa cells, eIF-2, eIF-3, 
eIF-4A, eIF-4B, and eIF-5, and show that they resemble 
closely the corresponding rabbit reticulocyte factors in all 
respects tested. 

Materials and Methods 
Growth of HeLa Cells. HeLa strain S3 cells were grown 

in 3-L spinner culture bottles (Bellco) in up to 2.5 L of Joklik's 
modified minimal essential medium supplemented with 5% 
fetal calf serum or calf serum (Flow Laboratories). The cells 
were harvested in exponential growth phase at a density of 
(7-8) X lo5 cells/mL by centrifugation, washed twice in PBS 

' Abbreviations: eIF, eukaryotic initiation factor; PMSF, phenyl- 
methanesulfonyl fluoride; NaDodSO,, sodium dodecyl sulfate; BME, 
2-mercaptoethanol; Hepes, N-(2-hydroxyethyl)piperazine-N'-2-ethane- 
sulfonic acid; EDTA, ethylenediaminetetraacetic acid; DEAE, diethyl- 
aminoethyl. 
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buffer (IO mM potassium phosphate, pH 7.2, and 150 mM 
NaCI), and stored as frozen a l l  pellets at -70 OC. Yields were 
routinely about 3 mL of packed cells per L of culture. 

Pnpmotion of Cell Lysate. F r o m  cell pellets (50 g) were 
thawed rapidly and diluted with 100 mL of lysis buffer (10 
mM Hepes, pH 7.5, IO mM KCI, 1.3 mM magnesium aatate, 
0.5 mM dithiothreitol, 67 pM EDTA, 20 pM hemin, and 2 
mM PMSF). After the cells were allowed to swell IO min on 
ice. they were lysed 20 s at full power with a tissumizer 
(Tehar) .  Nuclei were pelleted by centrifugation in a Sorvall 
RC-3 centrifuge with an HG4 rotor for 3 min at  1800 rpm. 
The supernatant was removed with a syringe while avoiding 
the floating fatty layer. The nuclear pellet was suspended in 
1 volume of lysis buffer and centrifuged and the supernatant 
removed and combined with the first. The supernatants were 
centrifuged for IS min at 8500 rpm in the Sorvall SS-34 rotor, 
and the resulting supernatant was removed with a syringe. 
Glycerol (0.1 volume) was added to the lysate, called S10, 
which usually is 100-120 mL. To the SI0 was immediately 
added 25 mL of settled hemoglobin-Sephamse resin to remove 
proteases. The suspension was stirred for 20 min at 0 'C and 
then filtered to remove the resin. 

Preparation of Ribosomal Wash. The hemoglobin-Se 
phametreated SI0 from 200 g of HeLa alls was layered over 
4-mL cushions containing 20% glycerol in buffer (20 mM 
Tris-HCI, pH 7.6.6 mM magnesium acetate, 50 mM KCI, 
7 mM BME, and I mM PMSF) and was centrifuged 2 h at 
55000 rpm in a Beckman Ti-60 rotor. The clear supernatant 
(S300) was removed, and the ribosomal pellets were resus- 
pended in buffer and brought to 500 mM KCI and an AZa 
of 250. The suspension was layered over cushions containing 
the same buffer with 20% sucrose and was centrifuged as 
before. The supernatant was removed to yield about 275 mL 
of high-salt ritmomal wash (Azm = 12.8). 

Purificotion of Initiation Factors. Initiation factors were 
pvified from the ribosomal high-salt wash from 200 g of HeLa 
cells by essentially the same procedures developed for rabbit 
reticulocyte factors (Benne et al., 1979). The following 
changes were made: 1 mM PMSF was added to all buffers 
throughout the purification; Sephacryl SZ00 was suktituted 
for Sephadex G-100 in step 8 and for Sephadex G-200 in step 
11; the sequence of ion-exchange columns was changed for 
eIF-2 and eIF-5, which were separated first on DEAE-Se- 
phacel and then further purified on phosphocellulose. Assays 
for HeLa factors were the same as t h m  for reticulocyte factors 
(Benne et al.. 1979); either reticulocyte or HeLa factors were 
uxd to complement the HeLa factor being assayed. Protein 
concentration was determined by the method of Bradford 
(1976) or Lowry et al. (1951). Rabbit reticulocyte initiation 
factors were prepad as dseribcd (Benne et al., 1979) without 
the use of PMSF or hemoglobin-Sepharose. 

Anaiytica~ Ultracentrifugation. Equilibrium sedimentation 
was performed in a Beckman Model E ultracentrifuge with 
an AN-J rotor by the long-wlumn mmiscus-dcpletion method 
of Chervenka (1970). eIF-3 in buffer [20 mM potassium 
phosphate. pH 7.2, 7 mM BME, 0.2 mM EDTA, 0.2 mM 
PMSF, and 5% (v/v) glycerol] was centrifuged at  6ooo rpm, 
and the absorbance at  280 nm was recorded with a p h o t a  
lectric scanner and analyzed according to Yphantis (1964). 
Velocity sedimentation was performed in the buffer above by 
using an AN-D rotor at 7.5 OC. The peak of the schlieren 
pattern was used to estimate the position of the boundary; a 
value of 0.73 was used for J.  After 18 min at 30000 rpm, the 
speed was increased to 40000 rpm. The viswsity of the buffer 
was determined independently. A micraomparator was used 
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FIGURB I: Comparison of rabbit and human initiation fsctots by 
NaDodSO&yamylami& gel clectrophcmk. Initiation factors f m  
rabbit d a h y t c s  (left lam, labeled r) and human HeLa e l l s  (right 
lanes, labcled h) were analyzed by NaMS04-polyacrylamidc gel 
electrophoresis. and the gels were stained with Coomassic blue and 
photographed. (A) Five initiation factors were analyzed on 12.5% 
acrylamide slab gels ( I  IO X 150 X 1.5 mm) according to Lacmmli 
(1970). The following amounts of protein were a n a l y d  for rabbit 
and human factors, respxtivcly: eIF-2.6.9 and 4.5 fig; eIF-3, 10.1 
and 6.5 fig: elF-4A. 1 . 1  and 1.6 fig; clF-4B. 2.4 and 3.0 fig; cIF-5. 
2.7 and 1.1  ~rg. (B) eIF-2 preprations from rahbiu (8 fig) and humans 
(5 fig) were analyzed on a slab gel ( I  IO X 150 X 1.5 mm) containing 
15% acrylamide and 0.098 bis(acry1amide) according to Schreier et 
al. (1977). 

to measure photograpbic plates of the schlieren patterns. 

Results and Discussion 

Ixolalion and Purification of Initiation Faciors. HeLa S3 
cells were grown in suspension culture and haNested in ex- 
ponential phase. Four 50-g lots of frozen cells were thawed 
and lysed, and a postmitochondrial supernatant (SIO) was 
prepared rapidly. Prsautions against the action of proteases 
were taken, since it is known that rabbit reticulocyte initiation 
factors may be partially depaded during their isolation (Meyer 
et al., 1981). PMSF was added to the lysis buffer, and the 
SI0 was treated with a hemoglobin-Sephamse resin to remove 
proteases (Nakayama et al., 1977). The ribosomes in the SI0 
were pelleted by centrifugation and then resuspended in buffer 
containing 0.5 M KCI and pelleted again. The resulting su- 
pernatant, the high-salt ribosomal wash, was used as the source 
of the initiation factors. The above precedures are described 
in detail under Materials and Methods. 

Methods previously developed for the purification of rabbit 
reticulocyte initiation factors (Benne et al., 1979) were uscd 
to isolate the HeLa factors. Assay procedures with comple- 
menting reticulocyte factors are satisfactory (see below) for 
monitoring the HeLa factor activities. The behavior of the 
HeLa factors during purification was essentially indistin- 
guishable from that of the reticulocyte factors, so that docu- 
mentation of the column elution profiles or sizing steps is 
unnecessary. Five initiation factors, eIF-2, eIF-3. eIF-4A. 
eIF-4B. and eIF-5. were purified in yields comparable to those 
obtained from rabbit reticulocytes. Analysis of these prepa- 
rations and comparisons with the corresponding rabbit factors 
by NaDodS04-polyacrylamide gel electrophoresis are shown 
in Figure I .  No attempt has heen made to isolate the small 
initiation factors, eIF-1 and elF-4D. a single effort to purify 
eIF-4C was unsuccessful. 

Biologikal Actiuities. M i e d  HeLa and reticulocyte factus 
were compared by using a numbcr of different cell-free asap 
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Tabk I: Comparison of Specific Activitiea of Rabbit 
rind H u m  Factors" 

B R O W N - L U E D I  ET AL. 

sp act. 
factor W Y  h u m  rabbit 

eIF-2 ternary mmplex 1.12 1.50 
donylpummycin 0.30 0.38 
globin synthesis 18.6 19.6 

dF-3 globin synthesis 4.0 3.6 
e I M A  globin synthesis 16.8 18.8 
eIF-4B globin synthesis 330 290 
elF-5 methionylpuromycin 10.8 10.0 

E Each factor from human and rabbit a& waa tested by the 
indicated mays as described elsewhere (%me el d, 1979) by 
using reticulocyte factors as complementing factors where appro. 
priate. Specific activities are the following: for ternary mmplwr, 
pcomoles of ['HI Met-tRNA bound per microgram of factor 
added; for methionylpuromycin, picomoles of ['wmethionyl- 
puromycin synthesized per microgram of factor added; for globin 
synthesis, picomoles of ['H]leucine inmrporated into hot tri- 
chloroacetic acid insoluble protein per microgram of factor added. 
Rotein concentration was determined by the methods of 
Bradford (1976) and Lnwry et al. (1951) with bovine serum 
albumin as siandard. 

(Benne et al., 1979). and the results are reported in Table I. 
Tbrcc assays were used: ternary complex formation with 
[3H]methionyl-tRNA and GTP (for eIF-2 only); [)HI- 
methionylpvonnycin synthesii which utilizs washed ribcmnd 
subunits and is stimulated by eIF-2, elF-3, e1F-K. and eIF-5; 
globin synthesis with globin 9s mRNA, whicb requires all of 
the identified initiation factors (exapt eIF-4D) for full activity. 
The specific activities for a given factor from the two cell 
sources are quite comparable within 25%. No consistent 
difference in activity was detected for any of the initiation 
factors in numerous assays, so we conclude that rabbit and 
human factors are functionally equivalent. Complete inter- 
changeability is also seen when crude ammonium sulfate 
fractions from HeLa and reticulocyte high-salt wash fractions 
are compared in the assay for globin synthesis (results not 
shown). 

Physicol Chorocterizotion. The molecular weights of eIF- 
4A, eIF-4B. and eIF-5 derived from HeLa cells are indistin- 
guishable from thosc exhibited by rabbit factors as measured 
by sodium dodsyl sulfatepolyacrylamide gel electrophoresis 
(Figure 1A). Similarly, the three subunits of eIF-2 from the 
two sources have comparable mobilities in a gel system which 
m l v e s  these proteins (Figure 2B). The comsponding eIF-3 
polypeptides also are similar, but all polypeptides are not 
identical. The most pronounced differences are in the com- 
ponents with molecular weights greater than 90000. In r e  
ticulocytes, all but one of these polypeptides appear to be 
related to one another in primary structure (Meyer et al.. 
1981). The differences seen in the HeLa factor may therefore 
reflect a slightly different pattern or extent of proteolysis. A 
second major difference between the two species is the absence 
in the HeLa preparation of a polypeptide with a molecular 
weight of about 35000. Both eIF-3 preparations contain a 
24000-dalton component which is presumed to be the "cap 
binding" protein (Sonenberg et al., 1979). 

The molecular weight of the native form of eIF-3 was d e  
tcrmined by analytical ultracentrifugation. Two preparations 
of rabbit eIF-3 and one preparation of HeLa elF-3 were an- 
alyzed by equilibrium sedimentation, as shown in Figure 2A. 
All three preparations show linear data for the bulk of the 
protein, with nonlinear behavior toward the bottom of the cell. 
Least-squares analysis of the smaller particles meals  a mo- 
lecular weight of 410000 for both rahhit and HeLa prepa- 

I 
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FIGURE 2 Analytical centrifugation of cIF-3 preparations. (A) 
EquilibriumscdimmtationwasperfonncdaadarribcdundaMataials 
andMetMx(n) 100~BrabbitrclifvlocytceIF-3,podA.dwaibcd 
pmiwsly(Meyeretal.. 1981); (0)5O~ofrabbitrchbyteclF-3,  
pool B (Meyer et al.. 1981); (A) 25 @g of HeLa eIF-3. Lines drawn 
are least-squares best-fit approximations grouping the data as follows: 
(0)  first 26 points. last 8 (all points used); (0) first 15. last 12; (A) 
first 21, last 5. Molecular weights calculated from these linea are 
the following: (0) 402000 and 81OOOO; (0) 410000 and 980000, 
(A) 420000 and IO20000. (E) Velocity sedimentation was performed 
as described under Materials and Methods. The figure shows data 
with 2.5 mg of HeLa eIF-3. The inset shows a schlieren pattern taken 
at 39 min. The s valus  calculated from the data at 30000 and 40000 
rpm are 13.8 S and 14.7 S. respectively. 

rations. The molecular weight range for the lesser amounts 
of material near the bottom of the cell is 800000-1 OOOooO, 
this material may be aggregate forms of eIF-3. The prepa- 
rations also were analyzed by velocity sedimentation as shown 
in Figure 2B. The average sediientation coeffcient calculated 
from the data is 14.2 S for HeLa eIF-3; a single component 
was seen in the schlieren patterns (see inset, Figure 2B). The 
value of 14.2 S is smaller than those estimated by sucrose 
gradient centrifugation (Schreier & Staehelin, 1973; Benne 
& Hershey, 1976) but is consistent with a globular protein 
complex of 410000 daltons. 

The five rabbit and human initiation factors were charac- 
terized further by comparing partial protease fragmentation 
patterns of their polypeptides by the method of Cleveland et 
al. (1977). Proteins first were labeled with lzcI (Meyer et al., 
1981) to increase the sensitivity of the method. The patterns 
of fragmentation with Staphylococcus aurew protease V8 
(Figure 3A) of HeLa and rabbit reticulocyte elF-4A. elF-4B. 
and the three subunits of eIF-2 are strikingly similar. Di- 
gestions of eIF-2 and eIF-4A with elastase and subtilisin, 
respectively (Figure 3B), confirm that t h e .  proteins are closely 
related. eIF-5 suffers extensive degradation upon iodination, 
so its fragmentation patterns (Figure 3C) were identified by 
staining with a sensitive silver method (Oakley et al., 1980). 
Corresponding eIF-3 polypeptides (defined in Figure 3E) from 
rabbits and humans also give similar patterns (Figure 3D), 
although those from the high molecular weight polypeptides 
1 and 2 are not identical. The evidence indicates that mest 
of the corresponding factor polypeptides from human HeLa 
cells and rabbit reticulocytes are very closely related in primary 
structure. 

Immumhemicol Choracterizotion. Antibodies were pro- 
pared by immunizing goats with highly purified preparations 
of eIF-3 from rabbit Widocytcs and with eIF-2, eIF-4A. and 
elF-4B from human HeLa cells. The preparation and char- 
acterization of the antibodies are described in detail in the 
following paper (Meyer et al., 1982). We use the antisera here 
merely to compare the factors from the two species in order 
to determine whether the initiation factors share antigenic 
determinants. Anti-eIF-3 and anti-eIF-4B are precipitating 
antisera and form single precipitin lines when tested with their 
cognate antigens by Ouchterlony double immunodiffusion 
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n o m  3 ParIial protease digestion patterns of initiation factor 
proteins. Initiation facIors were analyzed by limited digestion with 
protcascs amrding to the method of Cleveland et al. (1977). Each 
factor preparation was iodinated (except eIF-S), protein was frac- 
tionated by NaDodSOrpolyacrylamide gel eleetmphoresis as shown 
in Figure I ,  and individual bands (containing about I pg of protein 
each) mrc excised for analysis as dcscrikd in detail elsewhere (Meyn 
et al.. 1981). The figure shows autoradiographs ofthe gels, except 
for eIF-5 (part C). In each of the double lanes, the rabbit factor is 
on the left. and the HeLa factor is on the right. (A) eIF-2, eIF-4A. 
and eIF-4B polypcptides were digested with Sfapbylococnrs aureu~ 
protease V8 (35-175 ng/lane). (6) eIF-2 subunits were digested with 
elastase (3.5 pg). and eIF-4A was digested with subtilisin (3 ng). (C) 
Noniodinated elF-5 (l6OooO molecular weight bands, about 1.5 pg 
ofcach) was digested with protease V8; the gel was stained with silver 
(Oakley et al., 1980) and photographed. (D) eIF-3 polypeptides, 
numbered according to Benne & Hershey (1976) as shown in part 
E, were digested with protease V8 (IO(tlS0 ng). The gel lanes are 
identified at the top by the numbered polypeptides analyzed. 

(Figure 4A). With antiserum made against rabbit eIF-3, a 
strong line forms with rabbit eIF-3. whereas with human eIF-3, 
a weaker line is observed along with a spur from the rabbit 
line, suggesting that some antigenic determinants present in 
rabbit eIF-3 are not present in the human factor. Similarly, 
anti-eIF-4B made against the human factor forms a strong 
line and spur with human eIF-4B and a weaker line with rabbit 
eIF-46. The analyses indicate that the human and rabbit 
factors are antigenically related but that some determinants 
are missing in the factor not used for immunization. Anti- 
eIF-2 and anti-eIF-4A inconsistently form barely detectable 
precipitin lines with their cognate factors. 

We also compared the four initiation factors by immu- 
noblotting, a technique involving NaLkdSO,-polyacrylamide 
gel electrophoresis of the antigens, electrotransfer to nitrc- 
cellulose sheets, and treatment with antisera (Towbin et al., 
1979). Each factor isolated from rabbit and human cells was 
analyzed with the cognate antiserum as shown in Figure 48. 
We have modified the procedure (Howe & Hershey, 1981) 
and use "'I-labeled rabbit anti-goat immunoglobulin G to 
detect the amount of specific antibody bound to proteins on 
the nitrocellulose. Identification of the specific polypcptides 
recognized by the antisera used here is documented in detail 
in the following paper (Meyer et al., 1982). We are concerned 
here only with the extent of cross-reactivity of the antisera with 
the compnd ing  factors from rabbits and human cells. With 
anti-eIF-2, the human eIF-2 preparation forms a strong band 
with the @subunit and a weaker band with the a subunit. The 

-a  - eIF-48 
h r 

a 
I Ab 

FIOUR~ 4 Immunochemical comparisons. (A) Ouchterlony double 
immunodiffusion. Plates were formed 1.8 mm thick with agarose 
(Bio-Rad) in IO mM potassium phosphate. pH 7.2. 150 mM KCI. 
and 0.05% sodium azide. Wells (4-mm diameter) were cut 6 mm 
apart, and diNusion was performed at room temperature for 4 4  dap. 
The plates w m  washed with 0.5 M NaCl and stained with Coomassic 
blue (Laurcll. 1972). Wells contained the following: for anti-elF-3, 
20 rL  of serum (Ab) and IO p g  each of rabbit reticulocyte elF.3 (r) 
or human HeLa elF-3 (h): for anti-elF-4B. 20 pL of serum wn- 
antrated 2-fold by ammonium sulfate precipitation at 45% saturation 
(Ab). 8 pg of rabbit miculocytc elF-4B (r). and IO pg of human HcLa 
clF-4B (h). (6) Immunoblotting. Initiation factors were subjected 
to NaDodS0,-polyacrylamide gel electrophoresis asentially as de- 
xribcd in Figure 1A.B. The proteins were electrotransferred from 
the gel onto nilrOcelluloSe sheets and like facton were treated with 
their cognate antiserum a s d d k d  (Howc & Hershey. 1981; Meyer 
ct al.. 1982). The following amounts of protnn from human and rabbit 
ccIIs. respectively. were analyzed: clF-3.6.5 and 8.7 pg: clF-4A. I 
~gofcachclF-4B.0.2pgofeach;eIF-2.0.2pgofcach. The figure 
shows photographs of autoradiographs exposed for 1-3 days. 

rahhit @ subunit is much weaker, whereas the a subunit is 
nearly as intense. Since both eIF-2 preparations contained 
comparable amounts of a and @ subunits (sa Figure I B), the 
results suggest that the B subunit is not so strongly conserved 
as the a subunit. With anti-eIF-3. most of the polypeptides 
of rabbit cIF-3 are recognized. Although the band patterns 
with the rabbit and human factors differ, especially in the high 
molecular weight region of the gel, the differenccs reflect 
differences in the protein subunits present in these preparations 
(Meyer et al., 1982). The similar overall intensities suggest 
that the eIF-3 preparations from rabbits and humans are fairly 
closely related antigenically. The band intensities observed 
with anti-eIF-4A are comparable. whereas with anti-eIF-4B 
the human eIF-4B band isstronger than the rabbit band. In 
summary, all four of the antisera cross-react with the corre- 
sponding factors from the two species. Strong conservation 
is indicated for eli-4A. moderate conservation for elF-Za, 
elF-3. and elF-4B. and weaker conservation for cIF-2B. 

In this work, we show that initiation factors form rabbit 
reticulocytes and human HeLa cells are very similar with 
respect to biological activity and protein structure. Trachsel 
et al. (1979) purified w e n  initiation factors from mousc Krebs 
I I  ascites cells which closely resemble rabbit factors in func- 
tional assays and on analysis by NaLkdS0,-polyacrylamide 
gel electrophoresis. There are numerous additional reports 
of similar factors from a large variety of mammalian sources. 
In this work. we extend the analytical methods used for com- 
parisons by including partial protease fragmentation mapping 
and immunochemical techniques. Whereas little or no dif- 
ferences between corresponding factors arc detectable by 
NaDodS0,-polyacrylamide gel electrophoresis and partial 
protease mapping, some lass of antigenic determinants is seen 
in these proteins. Nevertheless, the fact that each of the 



4206 Biochemistry 1982, 21. 4206-42 12 

cognate factors cross-reacts with that of the other species 
supports the view that these proteins are conserved in structure. 
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Immunochemical Characterization of Mammalian Protein Synthesis 
Initiation Factors? 
Laurence J. Meyer, Susan C. Milburn, and John W. B. Hershey* 

ABSTRACT,: Immunochemical techniques were used to inves- 
tigate the molecular weight forms and levels of protein syn- 
thesis initiation factors (eIF) in crude cell lysates. Antisera 
were obtained from goats immunized with purified rabbit 
reticulocyte eIF-3 and human HeLa eIF-2, eIF-4A, and 
eIF-4B. The antisera were characterized by double immu- 
nodiffusion and immunoblotting techniques. Rabbit reticu- 
locytes or HeLa cells were prepared and lysed rapidly into 
denaturing buffer containing sodium dodecyl sulfate. The 
lysates were analyzed by polyacrylamide gel electrophoresis 
and immunoblotting. With HeLa lysate and anti-eIF-4B, one 
intense band developed which corresponded in molecular 
weight with purified eIF-4B. Anti-eIF-2 and anti-eIF-4A 
produced much less intense bands corresponding to their 
cognate factors, and all three antisera produced minor bands 
as well. For improvement of the power of the analyses, an- 
tibodies specific for eIF-2, eIF-4A, and eIF-4B were affinity 
purified by extraction of the antibodies adhering to gel-purified 
initiation factors blotted onto aminobenzyloxymethyl paper. 

%e initiation phase of protein synthesis in mammalian cells 
is promoted by a large number of proteins called initiation 
factors. The factors have been isolated and purified to 
near-homogeneity in order to identify the initiation factors and 
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Each of these antibodies produced a single intense band with 
HeLa lysates. The eIF-4A and eIF-4B bands corresponded 
exactly with those against the purified factors, indicating that 
the isolated factors are the same size as those found in crude 
lysates. The eIF-2/3 band in the lysate was slightly higher than 
that of the isolated factor, which means that the 0 subunit in 
this eIF-2 preparation is partially degraded and is not identical 
with the in vivo form. The analyses further showed that the 
three factor proteins have no major precursor or degradation 
forms in lysates and that they are antigenically distinct from 
other abundant cellular proteins. Analyses of rabbit and HeLa 
lysates with crude anti-eIF-3 gave rather weak bands whose 
patterns were simpler than those obtained with purified eIF-3 
preparations. The results are consistent with the view that 
many of the polypeptide subunits of eIF-3 are generated by 
proteolysis of high molecular weight precursor forms. The 
levels of eIF-3 in rabbit and HeLa lysates roughly estimated 
by rocket immunoelectrophoresis and immunoprecipitation are 
about 0.5 eIF-3 molecule per ribosome. 

elucidate their mechanism of action. Up to 10 different ini- 
tiation factors have been purified and studied (Schreier et al., 
1977; Merrick, 1979; Benne & Hershey, 1978; Sonenberg et 
al., 1979; Dasgupta et al., 1979; Amesz et al., 1979). At least 
three of the eukaryotic initiation factors (eIF),' eIF-2, eIF-3, 
and eIF-5, may be isolated in multiple forms which appear 

' Abbreviations: eIF, eukaryotic initiation factor; BSA, bovine serum 
albumin; NaDodSO,, sodium dodecyl sulfate; IgG, immunoglobulin G; 
Tris, tris(hydroxymethy1)aminomethane. 
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