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Fig. 1 (Top). Ku protein can be converted into a different form 
Ku’. A. Ku protein was incubated with a labeled DNA fragment in 
the presence of various amounts of unlabeled competitor DNA, in 
a buffer containing 50 mM NaCI. The complexes were analyzed 
by gel retardation electrophoresis and autoradiography. Compet- 
itor DNA amounts: 1,4,15,60 ng in lanes a-d, respectively. Lane 
e: no protein added. B. Ku protein was incubated with labeled 
DNA plus 15 ng of unlabeled competitor DNA, keeping all param- 
eters constant except the NaCl concentration, which was varied 
as indicated. The complexes were analyzed by gel retardation as 
in A. The positions of the one-to-one complex of Ku protein with 
DNA, and of its variant Ku’, are indicated. 

Fig. 2 (Bottom). Ku’ formation results from proteolytic cleav- 
age of Ku protein. A. SDS polyacrylamide gel analysis of the com- 

plexes. The complexes formed by Ku protein and Ku’ with ap- 
proximately 100 ng of the 224 bp DNA fragment were purified by 
preparative gel retardation electrophoresis, cut from the retarda- 
tion gel, and analyzed by SDS polyacrylamide gel electrophoresis 
and silver staining. Free DNA migrated to the end of the gel. 
Controls shown in lanes a and b were performed by loading sam- 
ples with no DNA on the retardation gel, in order to detect proteins 
which migrate at the same position as the complexes without 
being bound to DNA. The Ku protein fraction used was loaded in 
lane F. MW: molecular mass marker LMW from Pharmacia: 94, 
67, 43, 30 and 20.1 kDa. B. lmmunoblotting analysis of the com- 
plexes. Complexes Ku and Ku‘ prepared as in A, and the starting 
Ku protein fraction (lane F), were fractionated on an SDS poly- 
acrylamide gel, transferred to a nitrocellulose membrane, and 
probed with serum from a patient with anti-Ku autoantitmdies. 

this result strongly suggests that Ku‘ is derived 
from Ku by proteolytic cleavage of the 85 kDa sub- 
unit at a specific site. Figure 2B shows the result of 

immunoblotting with a similar gel. Complexes Ku 
and Ku’ were loaded onto an SDS polyacrylamide 
gel, with an aliquot of the starting Ku protein fiac- 
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Fig. 3 (lop). Ku' can be purified from Ku protein as a stabie 
heterodimer. A pool of protein fractions containing Ku protein, 
obtained by hydroxyapatite chromatography as described in Ma- 
terials and Methods, was loaded on a mono Q column and pro- 
teins were eluted with a NaCl concentration gradient. Fractions 
were assayed for DNA binding by gel retardation. Binding was 
performed in the presence of a large excess of competitor DNA, 
therefore only the first bands of the Ku and Ku' ladders are visible. 
The positions of the complexes of Ku and Ku' protein with DNA 
are indicated. 

tion. ARer electrophoresis and transfer to nitrocel- 
lulose, the membrane was incubated with serum 
from a patient with anti-Ku autoantibodies, a kind 
gift of T. Mimori. It is observed that both polypeptide 
chains contained in the Ku' complex are recognized 
by the anti-Ku antibodies. The weakness of the sig- 
nal given by the 69 kDa polypeptide may be due to 
the fact that the epitopes of the 85 kDa subunit are 
distributed nonuniformly along the molecule16 and 
may be largely removed by the proteolytic cleavage 
(see Discussion). 

Fig. 4 (Bottom). Conditions of the proteolytic conversion of 
Ku into Ku'. A. Effect of pH. Complexes of Ku protein with DNA at 
pH 7.0 or 7.5 were incubated at 37°C for the indicated times and 
loaded on a retardation gel. B. Effect of protease inhibitors, ana- 
lyzed by gel retardation as in A. Ku protein was incubated with 
DNA, in a buffer containing no NaCI, in the presence of the indi- 
cated proteinase inhibitors at the following concentrations: Chy- 
mostatin 10, 1 and 0.1 pg/ml in lanes a-c; Leupeptin 250, 25, 2.5 
and 0.25 pg/ml in lanes d-g; Pepstatin 200, 20 and 2 pg/ml in 
lanes h j ,  respectively; lane k: no protease inhibitor added. 

Ku' Is a Heterodimer of 72 and 69 kDa 
Subunits With DNA Binding Properties 
Similar to Those of Ku Protein 

That the 72 and 69 kDa polypeptides are still as- 
sociated as a heterodimer to form Ku' protein is 
strongly suggested by the fact that it is possible to 
purify this dimer by chromatography. Figure 3 
shows that Ku' can be separated from Ku protein on 
mono Q. In the course of Ku protein purification as 
described in Materials and Methods, a pool of hy- 
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Fig. 6. Proteolytic cleavage of Ku protein releases an 18 kDa 
polypeptide. Ku protein was analyzed by immunoblotting after in- 
cubation at 37°C in the presence of DNA (lane a), or after incu- 
bation at 37°C in the absence of DNA (lane b), or without incu- 
bation (lane c). The samples were analyzed by electrophoresis on 
an 18% polyacrylamide gel in the presence of SDS and immuno- 
blotting. Positions of the molecular markers were determined by 
coloration of the nitrocellulose membrane with Ponceau red. 

Ku protein. The lack of complete proteolysis of Ku 
protein observed in this experiment is probably due 
to the fact that some of the Ku protein of this frac- 
tion had lost its DNA binding activity and therefore 
its capacity for being converted into Ku‘. 

Is Ku Protein an Autoprotease? 
As fractions containing Ku protein also contained 

the proteolytic activity responsible for conversion of 
Ku into Ku’, we asked whether Ku protein itself 
might be the protease responsible for its conversion 
into Ku’. At present, we cannot confirm or exclude 
this possibility, but several lines of evidence suggest 
that the proteolytic activity has a component that is 
different from Ku protein. First, the velocity of the 
cleavage reaction is sensitive to Ku protein concen- 
tration, since Ku protein is proteolyzed more slowly 
when diluted, while its DNA binding activity is un- 
affected (data not shown). Second, even though the 
proteolytic activity is always present, it shows large 
variations in specific activity from one Ku protein 
preparation to another. Third, Figure 7 shows that it 
is possible to detect an activity which stimulates the 
conversion of Ku into Ku’ and which chromato- 
graphs independently from Ku protein. In order to 
search for an activity that would stimulate the con- 
version of Ku into Ku’, aliquots from fractions of a 
mono Q chromatogram obtained in the course of Ku 
protein purification were added to the complex of Ku 
protein with DNA. The appearance of Ku’ in lanes 
6-7 is due to the presence of Ku’ protein itself in the 
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Fig. 7. Partial purification of a factor stimulating Ku protein 
cleavage. A preparation of Ku protein showing little endogenous 
proteolytic activity was used to detect such activity in fractions 
obtained by mono Q chromatography during Ku protein purifica- 
tion. Complexes of Ku protein with DNA were incubated at 37°C 
with a given amount of each fraction, and loaded on a retardation 
gel. The Ku’ complex visible in fractions 6-7 is due to the pres- 
ence of Ku’ protein in these fractions, whereas fraction 19, eluting 
at 0.45 M NaCI, contains no Ku’ protein but a factor which en- 
hances the proteolysis of Ku into Ku’. 

corresponding fractions, and Ku protein is present 
in fractions 10-11. Therefore, the complete conver- 
sion of Ku into Ku‘ by fraction 19 shows that a com- 
ponent of the proteolytic activity studied here is 
present in this fraction. To decide whether this com- 
ponent is a proteolytic enzyme or a cofactor will 
most probably require its purification. 

DISCUSSION 
We have shown the existence in vitro of a mech- 

anism by which Ku protein is converted into a 
smaller form, Ku’, by proteolytic cleavage of its 
large 85 kDa subunit a t  a specific site, yielding a 69 
kDa polypeptide which remains associated as an 
heterodimer with the 72 kDa subunit, plus an 18 
kDa polypeptide which is released in the incubation 
medium. 

A striking characteristic of this mechanism is that 
it operates only when Ku protein is bound to DNA, 
free Ku protein being resistant to cleavage. The pos- 
sible explanation that a component of the proteolytic 
activity binds to DNA seems excluded by the fact 
that addition of variable amounts of competitor 
DNA has no effect on the proteolysis (see e.g., Fig. 
1). Therefore, it seems more likely that the site of 
proteolysis is not accessible on the free protein, and 
that a change of conformation occurs upon Ku pro- 
tein binding to DNA, thus making the cleavage site 
accessible. 

Although the exact site of cleavage within the 
amino acid sequence of the large subunit has not 
been determined, it appears very likely that this site 








