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1. Introduction 

The bacterial protein synthesis elongation factor 
Tu (EF-Tu) has been suggested to be involved in 
many different cellular mechanisms. Beside its role in 
the translational machinery (reviewed [I]), it is a 
subunit of the RNA bacteriophage Q@ replicase [Z], 
it has also been proposed as part of the regulation 
mech~~m for the ribosomal RNA transc~ption 
[3,4]. Further, EF-Tu was suggested to have a&n-like 
properties [5,6] and be membrane-associated [7,8]. 
We showed that the EF-Tu can be separated by 
column chromatography on DEAE Sephadex A-50 
into two different subpopulations, one of which 
appeared to be selectively depleted from the super- 
natant during sedimentation of ribosomes [9]. More- 
over, two widely separated loci were found for the 
protein on the E. coli genome [ 101 and the gene 
products appear to have a different affinity for the 
ribosome [11,12]. This gave a rationale for the 
heterogeneity of the EF-Tu population. When we set 
out to purify further and characterize the two forms 
of EF-Tu, we found that they were apparently inter- 
convertible. This and the ribosomal involvement in 
this interconversion is the subject of this communica- 
tion, 

2. Materials and methods 

Essentially, all me~odolo~ has been detailed [9]. 
DEAE Sephadex columns were 1.2 X 20 cm, run with 
gradients as in [9] and standardized with 110 mg 

protein loading. In addition, high salt extraction of 
ribosomes was following the procedure in [ 131, and 
ribosomal subunit preparation and analytical sucrose 
gradients [14]. The two forms of EF-Tu, EF-Tul and 
EF-Tu2, are as defined [9], being numbered in order 
of elution from DEAE Sephadex. 

3. Results 

In [9] we showed that the EF-Tul form of the 
bacterial elongation factor Tu was selectively depleted 
from the supernatants of an SlOO fraction by high 
speed centrifugation, whereas the EF-Tu2 activity 
remained in the soluble fraction. We attempted to 
purify EF-Tul further by extraction of the protein 
from the ribosomal pellet with a high-salt washing 
procedure as used for the purification of the initiation 
factors [ 131. The EF-Tul extract was run on a DEAE 
Sephadex A-50 column under exactly the conditions 
in [9]. The elution profile is shown in fig.1 B. Much 
to our surprise, the EF-Tul activity eluted at the 
position of EF-Tu2 and not as expected at the 
EF-Tul position. Figure 1 A shows the position at 
which EF-Tu2 derived from the SlOO fraction from 
the same preparation eluted from a parallel column. 

The discovery of the apparent conversion of the 
EF-Tul protein to a form eluting on a DEAE 
Sephadex column at the position of EF-Tu2 after the 
high salt treatment prompted us to treat the ribosomal 
pellet in a more careful way. We therefore gently 
resuspended it in the column low salt buffer and it 
was run on the DEAE Sephadex column without any 
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Fig.1. Chromatography of the EF-Tu extracted from the 
ribosomal pellet. The S30 fraction was centrifuged for 
180 mm at 50 000 rev./mm in a Beckmann Ti 50 rotor, and 
the high-salt extract from the ribosomal pellet was run on 
DEAE Sephadex A-50 (B). As control, EF-Tu2 isolated from 
the SlOO supernatant of the same preparation was run in 
parallel on an identical column (A). 

further treatment. Under these conditions, the 
ribosomes appear in the bred-throu~ fraction of the 
column. Here again we failed to recover quantitatively 
EF-Tu activity as EF-Tul, but we obtained a mixture 
of EF-Tul and EF-Tu2 (data not shown). From these 
results EF-Tul seems to be unstable. We therefore 
tested whether our purified preparations of EF-Tul 
and EF-Tu2 still eluted at their original position on a 
DEAE Sephadex column. The two forms of the 
EF-Tu protein which were purified through the 
Sephadex G-l 00 gel filtration column [9] were 
rerun on a DEAE Sephadex column. The results of 
the experiment are shown in fig.2, The EF-Tu2 
emerged at the position expected (fig.lZB). EF-Tul 
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Fig.2. Rechromatography of the two forms of EF-Tu after 
Sephadex G-100 gel filtration and storage (several months, 
-2O”C, 50% glycerol). The EF-Tul and EF-Tu2 obtained 
after the G-100 gel filtration step were rechromato~aphed 
individually (A and B, respectively) or as mixture (C) on 
DEAE Sephadex A-SO. 

appeared at a higher KC1 concentration than expected. 
This elution position was indistinguishable from that 
of EF-Tu2 (fig.2A). In addition, as shown in fig.ZC, a 
single peak is obtained at the position of EF-Tu2 
when a mixture of the two purified EF-Tu fractions 
was analysed. This is in dramatic contrast to earlier 
experiments, when it was shown that the fractions 
rechromato~aphed in the original positions if there 
was no intermediate handling. Thus, we conclude that 
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during purification EF-Tul was apparently converted 
into EF-Tu2. 

A closer analysis of our findings seems to suggest a 
more intimate involvement of ribosomes in the 
phenomenon than originally supposed. The complete 
removal of ribosomes from the EF-Tu 1 fraction, by a 
high-salt washing procedure, as well as a further 

purification step, apparently brought about a quanti- 
tative conversion of the EF-Tul form into EF-Tu2 

(fig.l,2). 
Our results imply an interaction of EF-Tu with 

ribosomes. Such an interaction has not been reported 
before for prokaryotic ribosomes, except under con- 
ditions where the GTP hydrolytic_step of protein 
synthesis is blocked [ 151. This was confirmed by 
sucrose gradient analysis (fig.3). When an S30 fraction 
was applied directly to a sucrose gradient, no EF-Tu 
activity was found at a position corresponding to 
ribosomes or ribosomal subunits, under ionic condi- 
tions corresponding approximately to the starting 
material applied to the DEAE Sephadex columns. 
This confirms the finding in [15]. On the other hand, 
a labile interaction of the corresponding eukaryotic 

Fig.3. An S30 fraction (10 A$,,. cm’) was applied to a 4 ml 
exponential sucrose gradient with 17.1% (w/v) sucrose at the 
top and 41% (w/v) sucrose in a constant volume mixing 
chamber. The gradient contained 20 mM Tris-HCl (pH 7.4), 
10 mM MgOAc,, 20 mM NH&l and 5 mM p-mercaptoethanol. 
Centrifugation was at 1°C for 55 min at 56 000 rev./min in a 
Beckman SW56 rotor. The A,,, peaks (---) correspond 
from the right to the left to 70 S ribosomes, 50 S and 30 S 
subunits, respectively, and to ribosome-free material. (e-e) 
EF-Tu activity. 

factor, EF-1, with ribosomes, has been claimed [ 161. 
The effect must then be ascribed to a weak inter- 

action with the ribosomes. If such a weak interac- 
tion takes place, to be significant it must be on the 
EF-Tu part of the A site, which is known to be on the 

50 S ribosomal subunit [ 17-191. 
We therefore examined whether we could regener- 

ate the modification by treatment of EF-Tu2 with 
ribosomes and if so, whether it was subunit-specific. 

The results in fig.4 show that (A) an alteration in the 
profile results from treatment of EF-Tu2 with the 
50 S ribosomal subunit or (B) an equimolar mixture 

of 30 S and 50 S subunits, but not (C)with the 30 S 
subunit alone. 
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Fig.4. Effect of treatment of EF-Tu2 with ribosomal sub- 
units. RibosomaJ 50 S subunits (230 A zso.cm3; A), 30 S sub- 
units (118&a. cma; C) or both (B), prepared as in section 2 
were added to an EF-Tu2 preparation as in fii.l(A) and 
fractionated on DEAE Sephadex. Gradient conditions and 
fraction volumes are also exactly as in fig.1. In this experiment, 
[ r4C]GDP (spec. act. 492 mCi/mmol) was the substrate in the 
Tu-binding assay. For graphic reasons, the base lines of curves 
(A) and (B) have been arbitrarily displaced: the backgrounds 
are identical to that of curve (C). 
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4. Discussion 

Originally, our results suggested that EF-Tul and 
EF-Tu2 corresponded to the Tuf A and Tuf 3 gene 
products, respectively, since some evidence suggested 
a higher affinity of Tuf A gene product in ribosome 
binding reactions [ 121. Our present finding of inter- 
convertibility does not lend support to the idea. How- 
ever, the presence of two subpopulations, one of 
which undergoes the EF-Tul * EF-Tu2 transition 
and one which does not, is not ruled out. The ques- 
tion of possible non-identity of the two gene products 
is still open. A slight difference of one spot in tryptic 
fingerprints of the Tuf A and Tuf B gene products 
was seen [20] but so far there has been no report of 
significant non-identity. 

Our experimental data do not stringently require 
the existence of two genetically different proteins. It 
is also possible that in vivo only one part of the total 
EF-Tu population is converted to the EF-Tu 1 form 
by its interactions with the ribosomes during protein 
biosynthesis, since it is now well established [8,21,22] 
that the bacterial cell overproduces EF-Tu refative to 
the level of the ribosomes and the other elongation 
factors. 

Our results therefore strongly suggest the existence 
of two subpopulations of EF-Tu which are intercon- 
vertible. The nature of the difference is difficult to 
establish, since it seems impossible to obtain a pure 
species in the EF-Tul form. Some means of trapping 
the EF-Tul state would permit a definitive study of 
the two forms, as well as to give some insight into 
their possible role in protein synthesis. 
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