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ABSTRACT  In aninvestigation to determine how proteins
are localized within the nucleus of a cell, we demonstrate that
the restriction endonuclease EcoRlI is able to enter and func-
tion within the nucleus of Saccharomyces cerevisiae when this
prokaryotic protein is synthesized in vivo. The EcoRI endonu-
clease was produced in yeast under the transcriptional control
of a regulated yeast promoter by ligating a DNA fragment con-
taining only coding sequences for the endonuclease to the pro-
moter element of the yeast GALI gene (the structural gene for
galactokinase, EC 2.7.1.6). Yeast cells harboring a plasmid
containing this promoter—gene fusion are able to grow under
conditions that repress transcription from the GALI promot-
er. However, under inducing conditions, these yeast cells are
unable to grow. Moreover, rad52 mutants, which are deficient
in the repair of double-strand breaks, are more sensitive to the
presence of the promoter—gene fusion plasmid than are wild-
type cells. We demonstrate that the EcoRI endonuclease activi-
ty is present in lysates prepared from yeast transformants
grown under conditions that induce transcription of GALI,
but this activity is not detectable in cells grown under condi-
tions that repress transcription from the promoter. Further-
more, analysis of yeast chromosomal DNA shows that the en-
donuclease enters the yeast nucleus and cleaves DNA specifi-
cally at EcoRI recognition sites.

Since eukaryotic cells are organized into a variety of mem-
brane-bound organelles, mechanisms should exist to target
individual proteins to their final destination in the correct
organelle. The best-understood mechanism for protein tar-
geting is the early steps in the synthesis of secreted proteins.
These proteins possess an amino-terminal leader that func-
tions as a signal directing the insertion of the proteins into
the endoplasmic reticulum (1-3). In addition to this signal,
which is part of the nascent polypeptide, there exists an elab-
orate mechanism in cells for transporting secreted proteins
from the endoplasmic reticulum to the outside of the cell (4).
In contrast, the mechanism of targeting proteins to the nucle-
us remains obscure. It is unknown how proteins that reside
in the nucleus are moved from the cytoplasm to the nucleus
or how these proteins are retained in the nucleus.

One possible route for movement of macromolecules into
or out of the nucleus is through the nuclear pores that span
the inner and outer nuclear membrane. The pores are com-
plexes of several components whose structure has been re-
solved for Xenopus (5). It remains to be determined whether
or not the pore impedes or facilitates the transport of macro-
molecules between the nucleus and cytoplasm.

Various mechanisms have been proposed for the move-
ment of molecules from the cytoplasm to the nucleus. Injec-
tion experiments with artificial macromolecules suggest that
diffusion could suffice for entry of molecules with an effec-
tive radius of 45-59 A (6, 7). Both nuclear transplantation
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experiments (8) and injection experiments with proteins (9)
have established some correlation between the size of a pro-
tein and its ability to enter and accumulate in the nucleus.

Injection experiments by Dingwall et al. (10) using nucleo-
plasmin, a major nuclear protein of Xenopus, have demon-
strated that one portion of the protein contains information
directing the entry of the entire protein into the nucleus. Fur-
thermore, injection of specific proteolytic fragments of nu-
cleoplasmin demonstrates that one portion of the molecule
will remain in the nucleus once injected but will not specifi-
cally migrate into the nucleus if injected into the cytoplasm.
This result indicates that the accumulation of particular pro-
teins in the nucleus is not simply a result of differential reten-
tion of molecules from a pool of molecules passively diffus-
ing into and out of the nucleus.

However, injection experiments in general have intrinsic
technical and conceptual limitations (11). In addition to the
potential for mechanical damage to the cell and to the materi-
al being injected, it is unclear whether a mature protein
would be localized upon injection into the cytoplasm by the
same mechanisms that operate to target that protein when
translated in situ.

A genetic approach to the study of nuclear targeting would
be feasible if a protein synthesized in vivo were lethal to a
cell if, and only if, that protein were transported into the
nucleus. By using such a protein, mutants could be selected
that are deficient in transporting proteins to the nucleus. We
have used Saccharomyces cerevisiae because of its well-de-
veloped genetics to begin a genetic analysis of nuclear target-
ing. In addition, the requirements for transport of macromol-
ecules into the nucleus may be particularly stringent in yeast
because the nuclear membrane does not break down in mito-
sis (12). As a nucleus-specific lethal protein we have chosen
the restriction endonuclease EcoRI. The experiments pre-
sented here describe the regulated expression of EcoRI en-
donuclease in yeast and demonstrate that this prokaryotic
protein is capable of entering the nucleus of yeast and digest-
ing native chromatin at EcoRlI sites.

MATERIALS AND METHODS

Strains. The strains of S. cerevisiae used in these experi-
ments were JRY 438 (MATa, his4-519, leu2-3, leu2-112,
ura3-52) and JRY 481 (MATa, rad52-1, arg4, aro7, ura3-52,
trpl, adel, leu2, his4). The bacterial strain used was MC1061
(13).

Media and Growth Conditions. Yeast-rich medium (YP;
yeast extract/peptone) and yeast minimal media (YM) have
been described (14). The rad52-1 mutants were monitored by
their inability to grow on YP glucose medium containing
0.05% methyl methanesulfonate. YM medium contained one
of three different types of carbon sources: (i) 2% glucose for
the repressing medium, (ii) 3% glycerol/2% potassium ace-
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tate/40 ug of aspartate per ml in neutral medium, and (iii) 2%
galactose in inducing medium. Amino acids and bases were
added at 30 mg/liter when required. All yeast were grown at
30°C, with those in liquid culture receiving vigorous agita-
tion.

Chemicals. Galactose was purchased from Nutritional Bio-
chemicals. Methyl methanesulfonate was from Eastman Ko-
dak, and [o**P]dCTP was from Amersham. Oligonucleotide
linkers (BamHI 10-mers) were from Collaborative Research
(Waltham, MA). All other chemicals were from Sigma.

Enzymes. Enzymes were purchased from commercial
sources and used according to suppliers’ specifications.

Recombinant DNA. Plasmid DNA was prepared as de-
scribed (15). All in vitro DN A manipulations were performed
as described (16). For the gel transfer hybridization experi-
ments, DNA was transferred to nitrocellulose filters (Schlei-
cher & Schuell). Autoradiography used Kodak XAR-5 film
and Cronex Lightning Plus intensifying screens at —80°C.

Plasmid Constructions. Plasmids containing the GAL! pro-
moter and the EcoRI structural gene were constructed as di-
agrammed in Fig. 1. Plasmid pRK26 containing the entire
EcoRI endonuclease-methylase operon (a gift from Rosa-
lind Kim) was cleaved with BamHI and a 2.7-kilobase (kb)
fragment was isolated that included all of the endonuclease
gene. This fragment was partially cleaved with Hinfl, and a
1.2-kb fragment was isolated that contains the entire endonu-
clease coding sequence and only 4 base pairs (bp) of the 5’
untranslated sequence; less than half of the methylase gene
is present. The 5' extensions were made flush with a fill-in
reaction using DNA polymerase I Klenow fragment. After
addition of BamHI linkers (16), the 1.2-kb fragment was
cloned into the BamHI site of plasmid pBM125 (a gift from
Mark Johnston). pBM125 is a yeast Escherichia coli shuttle
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FiG. 1. Construction of the YCpGal:RIa and -b fusion plasmids.
The EcoRI endonuclease coding sequences were placed under the
regulation of the GAL1 promoter as shown. The mode of transcrip-
tional regulation of the promoter-gene fusion is shown at the bot-
tom. The wavy arrow indicates the direction of transcription of the
YCpGal:RI plasmids.
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vector consisting of pBR322, the yeast URA3 gene, the
ARSI sequence, the centromere from chromosome IV, and,
of particular importance for these experiments, the GALI
promoter from yeast (17, 34). The GALI promoter fragment
contains the entire control region from the GALI gene and
no coding sequence because the 3’ boundary of the fragment
lies 4 bp on the 5’ side of the galactokinase (GAL! gene)
coding region.

The plasmid generated by this construction, designated
YCpGal:RIa, contains a single EcoRI recognition site. YCp-
Gal:RIb is identical to YCpGal:RIa except that the unique
EcoRI recognition site in the YCpGal:RIa plasmid was elimi-
nated by filling in the 5’ overhang after EcoRI endonuclease
digestion. A control plasmid used in these experiments, re-
ferred to as YCpGal:HIS3 consists of the yeast HIS3 gene
under the transcriptional control of the GALI promoter in
pBM125 (34).

Transformation. Yeast were transformed by the procedure
of Hinnen et al. (18) except that spheroplasts were prepared
with lyticase (19), a gift from the Schekman lab. E. coli were
transformed as described in Davis et al. (15).

Growth Conditions for Galactose Induction. Single colonies
were inoculated into YM medium supplemented with glu-
cose and grown to an Ago = 0.7. Cells were harvested,
washed once in YM medium with no carbon source, and re-
suspended in either YM galactose (for shifting from repress-
ing to inducing conditions) or YM glycerol medium (for shift-
ing from nonrepressing to inducing conditions). In the latter
experiments, the cells were grown until the cell density dou-
bled in glycerol medium and then were harvested, washed,
and resuspended in YM galactose medium as described.

EcoR] Endonuclease Assay in Cell Lysates. Ten milliliters
of galactose-induced cells were harvested (Ago = 1.5-2.0).
All subsequent manipulations were at 0°C. Cells were resus-
pended in 100 ul of 100 mM NaCl/50 mM Tris, pH 7.4/10
mM MgSO,/1 mg of bovine serum albumin per ml/1 mM
phenylmethylsulfonyl fluoride/2 ug of chymostatin per ml/5S
mM p-aminobenzamidine acid. Glass beads (100 mg, 0.5
mm) were added to each suspension, and the suspensions
were mixed in a Vortex until lysis was complete as judged by
light microscopy. Cell debris was pelleted, 50- or 100-ul ali-
quots of the cell supernatants were mixed with 1 ug of A
cI857S7 DNA, and the reaction mixtures were incubated at
37°C. After 1 hr, 5 ul of 0.5 M EDTA was added to each
reaction, and the entire reaction was loaded onto a 1% agar-
ose gel and subjected to electrophoresis in the presence of
0.5 pug of ethidium bromide per ml.

Analysis of Nuclear DNA after Galactose Induction. Ten
milliliters of galactose-induced cultures was used to isolate
DNA. Spheroplasts were lysed by resuspension in 17 mM
EDTA, pH 8.5/0.07% NaDodSO,/67% phenol. Cell debris
was removed by centrifugation, and DNA was recovered
from the supernatant fraction by precipitation with ethanol.
To control for possible DNA digestion in vitro during the
lysis step, 20 units of EcoRI endonuclease was added to the
EDTA/NaDodSO, solution before lysis of cells containing
the YCpGal:HIS3 plasmid. The isolated DNA was analyzed
by gel transfer hybridization experiments.

Analysis of Mitochondrial Function. Yeast cells containing
the plasmids were grown in YM glucose medium and in-
duced in YM galactose medium for 10 hr. Aliquots were then
plated onto YP glucose plates. After 2 days at 30°C, the re-
sulting single colonies were replica-plated onto YP glycerol
plates for evaluation.

RESULTS

A priori one cannot predict whether production of EcoRI en-
donuclease in yeast would affect cell growth. In order to
control for this possibility, we constructed a promoter—gene
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fusion between the coding sequences for the EcoRI endonu-
clease (20, 21) and the promoter element of the yeast GALI
gene (34). This promoter is ideal, as transcription from the
promoter is induced by galactose and occurs at a very low
level or not at all in media containing noninducing carbon
sources such as glycerol. In addition, GAL! is also subject to
glucose repression: no transcription is detectable from this
promoter in cells grown in glucose (22). Furthermore,
expression from this promoter is absolutely dependent upon
the presence of functional GAL4 protein, a positive regulator
of transcription (23, 24, 17).

The general outline of this construction is shown in Fig. 1,
and details are described in Materials and Methods. Basical-
ly, a restriction fragment was isolated from a clone of the
EcoRI endonuclease—methylase operon (20) that contained
an intact endonuclease coding sequence, a small portion of
the methylase gene, and only 4 bp 5’ to the endonuclease
initiation codon. The GAL1 promoter fragment contains the
entire control region of the GALI gene except for the 4 bp
immediately 5’ to the initiation codon of the GALI gene. A
hybrid gene was constructed in a manner that should place
EcoRI endonuclease under the transcriptional control of
GALI. The GALI promoter fragment used in these experi-
ments is on a plasmid designated pBM125. This plasmid con-
sists of pBR322, the GAL! promoter fragment, the yeast
URAS3 gene for selection, a yeast chromosomal ARS element
(25), and the centromere of chromosome IV to provide mi-
totic stability (26). The derivative of pBM125 containing the
EcoRI endonuclease gene inserted next to the GALI promot-
er is referred to as YCpGal:Rla and contains a single EcoRI
recognition site in an area unrelated to the GALI promoter.
A second plasmid, YCpGal:RIb, was constructed by mutat-
ing the EcoRlI site in YCpGal:RIa. A third plasmid, YCpGal:
HIS3, consists of the HIS3 gene (27) fused to the GAL! pro-
moter on pBM125 and was used as a control plasmid.

YCpGal:RIa, YCpGal:RIb, and the control YCpGal:HIS3
plasmids were transformed into RADS52 and rad52 cells.
These yeast strains differ in their ability to repair double-
strand breaks in DNA. The rad52 mutation (28) renders
yeast 100-fold more sensitive to ionizing radiation than are
RADS2 cells. It appears that in these mutants one double-
strand break in DNA is a lethal event (29, 30). Numerous
transformants were observed for all three plasmids with ei-
ther strain when the transformants were selected on glucose-
containing medium. When transformants were selected on
galactose-containing medium, numerous transformants were
obtained with the YCpGal:HIS3 plasmid, but no transfor-
mants were obtained with either YCpGal:RIa or YCpGal:
RIb plasmids. These results suggest that induction of the
GALI promoter in YCpGal:RIa and -b is harmful.

Effects of Carbon Source. The effects of the plasmids on
cell growth in media containing carbon sources that either
induce or repress transcription of GALI are shown in Fig. 2.
In minimal glucose medium, which represses transcription,
the plasmids caused no selective growth disadvantage to ei-
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ther the RADS2 or rad52 cells. With cells grown on galac-
tose-containing medium, which induces transcription of the
GALI promoter, RADS52 cells containing the YCpGal:RIa
plasmid grew approximately as well as cells containing the
YCpGal:HIS3 plasmid; yet the same cells containing the
YCpGal:RIb plasmid were unable to grow on galactose-con-
taining medium. Since the only difference between the two
Gal:R1 plasmids is the presence or absence of an EcoRI site,
this result indicates that the growth inhibition caused by
YCpGal:RI plasmids is likely due to production of active
EcoRI endonuclease.

In contrast to RADS2 cells, rad52 cells were unable to
grow in galactose medium with either of the Gal:R1 plas-
mids, yet grew normally with YCpGal:HIS3 plasmid. Since
cells that are deficient in the repair of double-strand breaks
in DNA appear to be more sensitive to induction of EcoRI
expression, we infer that the growth inhibition caused by
these plasmids reflects damage caused by EcoRI endonucle-
ase to yeast chromosomal DNA. The enhanced potency of
YCpGal:RIb relative to YCpGal:RIa is probably due to the
unique EcoRI site in YCpGal:RIa, rendering this plasmid
sensitive to the endonuclease.

The kinetics of cell death are consistent with the time re-
quired to induce expression of the GALI promoter (23).
Upon galactose induction, cell death of rad52 mutants con-
taining the YCpGal:RIb plasmid was apparent after 1.5 hr
when the cells were pregrown in YM glycerol and after 8 hr
when the cells were pregrown in YM glucose.

EcoRI Endonuclease Activity in Yeast Lysates. The results
described above predict that upon induction, cells containing
a YCpGal:RI fusion plasmid contain active EcoRI endonu-
clease. To test this prediction, lysates preparéd from cells
containing the YCpGal:RIb plasmid were assayed for endo-
nuclease activity both before and 18 hr after a shift from glu-
cose medium to galactose medium. Endonuclease activity
was assayed by mixing phage A DNA with aliquots of cell
lysate (Fig. 3). In lysates from galactose-induced cells, there
was a substantial amount of EcoRI endonuclease activity,
since the pattern of restriction fragments of phage A DNA
was indistinguishable from that obtained with purified en-
zyme. In additional experiments, EcoRI activity was not de-
tectable in cells grown on glycerol medium or in cells con-
taining the YCpGal:HIS3 plasmid grown on galactose medi-
um. Furthermore, EcoRI endonuclease activity was
detectable at least as early as 6 hr after induction from YM
glycerol medium, the time at which the viability of cells con-
taining the YCpGal:RIb plasmid was zero.

EcoRI Endonuclease Cleaves Nuclear DNA in Vivo. Al-
though synthesis of EcoRI endonuclease activity in vivo re-
sults in cell death, the above results do not distinguish be-
tween death due to cleavage of genomic EcoRlI sites or to
some other unanticipated effect of this protein in yeast.
Therefore, we determined whether nuclear DNA is digested
in vivo in cells containing YCpGal:RI plasmids by a gel
transfer hybridization experiment (Fig. 4). Spheroplasts

Fi1G. 2. Growth of yeast transformants. Yeast
strains JRY438 (RAD52) and JRY481 (rad52),
transformed with the YCpGal:RIa or -b plasmids or
the control YCpGal:HIS3 plasmid, were tested for
the ability to grow under conditions inducing or re-
pressing transcription of the GALI promoter.
(Left) Plate containing YM medium with 2% glu-
cose (repressing conditions). (Right) Plate contain-
ing YM medium with 2% galactose (inducing condi-
tions). All cells were grown in glucose medium and
then duplicate aliquots were plated. The plates
were incubated at 30°C for 2 days before being pho-
tographed. Note that JRY481 (rad52) cells are
more sensitive to the presence of the YCpGal:RIa
plasmid than are JRY438 (RADS52) cells.
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Fic. 3. EcoRI endonuclease activity in cell lysates. JRY438 and
JRY481 cells transformed with YCpGal:RIb plasmid were grown in
medium containing glucose, and then half of each culture was shift-
ed to medium containing galactose and incubated for 18 hr. Lysates
were prepared by glass-bead disruption and were assayed for EcoRI
endonuclease activity by incubating aliquots (50- or 100-ul volumes)
with 1 ug of phage \ cI857 S7 DNA for 1 hr at 37°C. The reaction
was then electrophoresed on a 1% agarose gel. Lanes: 1, control
digest of phage \ cI857 S7 DNA with legitimate EcoRI; 2 and 3,
assays of 100-ul aliquots of lysates prepared from JRY438 and
JRY481 cells with the YCpGal:RIb plasmid grown in glucose; 4 and
5, 50- and 100-ul aliquots, respectively, of lysates from 438 cells
with the YCpGal:RIb plasmid, which were induced in galactose; 6
and 7, 50- and 100-ul aliquots, respectively, of lysates from 481 cells
with the YCpGal:RIb plasmid induced in galactose.

were prepared from induced and uninduced cultures, each
containing YCpGal:RIa or YCpGal:RIb or YCpGal:HIS3.
The spheroplasts were osmotically lysed. DNA was purified
from the lysate, subjected to agarose gel electrophoresis,
transferred to nitrocellulose, and hybridized to radiolabeled
YRp7 DNA. YRp7 contains all of pBR322 sequences and,
therefore, is homologous to all three plasmids used in these
experiments. In addition, YRp7 was used as a probe because
it also contains a fragment of genomic DNA bounded by
EcoRlI sites that contains the yeast TRPI gene (25). There-
fore, this hybridization probe can be used to measure the
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Fi1G. 4. Analysis of EcoRlI activity in vivo. In a gel transfer hy-
bridization experiment, DNA was isolated from RADS52 and rad52
cells containing the YCpGal:RIa or -b plasmid (lanes designated a or
b). The cells were induced for 6 hr in galactose medium or were
grown under noninducing conditions in glycerol medium (0 hr). The
DNA was probed with radiolabeled YRp7 DNA. The top portion of
the gel shows that plasmid DNA isolated from all cells at 0 hr is
intact and supercoiled. The yeast TRPI gene is flanked by EcoRI
sites in the chromosome, and cleavage of yeast chromosomal DNA
in vitro with EcoRI generates the 1.43-kb TRPI gene fragment.
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integrity of the plasmids and the fate of the chromosomal
TRPI gene in cells producing the EcoRI endonuclease. To
control for the possibility that nuclear DNA was being de-
graded during the lysis procedure, 20 units of EcoRI endonu-
clease were added to the lysis buffer used to lyse an unin-
duced culture. We could not detect any digestion of DNA by
exogenously added endonuclease.

Plasmid DNA from all uninduced cells (Fig. 4, 0 hr lanes)
comigrated with supercoiled plasmid DNA purified from E.
coli by equilibrium gradient centrifugation. Plasmid DNA
from induced RADS52 cells also comigrated with supercoiled
plasmid. However, with DNA from induced rad52 cells, the
YCpGal:RIa plasmid comigrated with YCpGal:RIa DNA
that had been linearized in vitro with EcoRI. In contrast,
YCpGal:RIb retained the mobility of a supercoiled plasmid.

The second significant feature of Fig. 4 is apparent near
the bottom of the autoradiogram, which shows the in vivo
effect on chromosomal DNA. Cleavage of purified yeast
chromosomal DNA with EcoRlI in vitro generated the EcoRI
fragment, which the hybridization probe detected as a 1.45-
kb TRPI fragment (25). In each lane from induced cells that
contained a YCpGal:RI plasmid, except RADS52 cells with
the Gal:RIa plasmid, a band was evident that hybridized to
the probe near the size of the TRPI fragment at 1.35 kb. We
believe the slightly smaller size and broader nature of this
band relative to the control band (Fig. 4) probably reflects
progressive exonuclease digestion of this fragment during
the induction time in the experiment. This band was more
prominent in DNA from rad52 cells than from RADS2 cells
and was totally absent in cells containing the YCpGal:HIS3
plasmid. Moreover, when the hitrocellulose filter was re-
probed with radiolabeled pBR322, all DNA bands hybridized
as before except the 1.45-kb TRPI fragment and the 1.35-kb
bands, which did not hybridize.

We infer that the RAD52 cells with the YCpGal:Rla plas-
mid maintain a supercoiled plasmid after induction and lack
the 1.35-kb TRPI gene fragment because these cells are able
to repair the double-strand breaks caused by the EcoRlI en-
donuclease. Furthermore, in repairing the plasmid, these
cells probably mutate the plasmid and eliminate the endonu-
clease activity because lysates made from these cells after a
6-hr galactose induction do not have the EcoRI endonucle-
ase activity as measured in the phage A DNA assay (data not
shown). This interpretation is consistent with the ability of
these cells to grow in galactose medium as seen in Fig. 2.

From the data presented in the autoradiogram, it is diffi-
cult to determine the extent to which the genomic DNA was
digested in induced cells containing the YCpGal:RI plasmid.
To estimate the extent of cleavage, the gel used in this ex-
periment was stained with ethidium bromide and photo-
graphed with ultraviolet illumination prior to transfer of the
DNA to nitrocellulose. Due to the small size of the yeast
genome, it is possible to recognize a complete digest by in-
spection for characteristic bands due to multiple molecules
of a uniform size from the repeated DNA species such as
endogenous yeast plasmid and ribosomal RNA genes. We
conservatively estimate that 50% of the EcoRI sites are
cleaved in induced rad52 cells.

Effects on Mitochondrial DNA. Functional mitochondrial
DNA is required for yeast to grow on a nonfermentable car-
bon source such as glycerol but is dispensable for growth on
fermentable carbon sources such as glucose. In order to de-
termine whether EcoRI endonuclease was able to damage
mitochondrial DNA at all, cells containing YCpGal:RIb in-
duced for an amount of time sufficient to cause 50% killing
were plated out on glucose-containing medium. After the
cells were allowed to grow into colonies, the colonies were
replica-plated onto glycerol plates to determine whether any
had lost the capacity for growth on the nonfermentable car-
bon source. All 180 colonies tested were capable of growth



1358  Biochemistry: Barnes and Rine

on either glucose or glycerol as carbon sources. Therefore, if
the endonuclease can enter the mitochondrion and degrade
mitochondrial DNA, the enzyme does so only in cells that
also have suffered lethal damage to nuclear DNA. It should
be noted that the existence of multiple mitochondrial ge-
nomes per cell precludes us from determining whether a
small number of mitochondrial DNA molecules may be dam-
aged in cells lacking a lethal cleavage in the nuclear DNA.

DISCUSSION

Fusion of the structural gene of EcoRI endonuclease to the
promoter of the yeast GALI gene on a yeast centromere
plasmid has provided us with a mitotically stable plasmid
that confers rio detectable selective growth disadvantage to
cells grown on glucose or neutral carbon sources. Yet upon
galactose induction of the promoter, active EcoRI endonu-
clease is made, and the cells that harbor the plasmid die.

Active EcoRI endonuclease synthesized in vivo is capable
of entering the yeast nucleus and killing the cell. Death re-
sults from the action of the endonuclease on nuclear genes.
This conclusion is derived from the following facts: (i) upon
induction, active endonuclease is present in cells; (ii) the ki-
netics of killing is consistent with the kinetics of induction of
the GALI promoter; (iii) rad52 mutants are much more sen-
sitive to killing by the endonuclease than are RADS2 cells;
and (iv) nuclear DNA is digested at EcoRI sites and only at
EcoRlI sites. Plasmids lacking EcoRI sites remain super-
coiled, indicating the absence of EcoRI* activity (31).

The entry of the endonuclease into the nucleus has inter-
esting implications for the mechanism(s) by which authentic
nuclear proteins enter the nucleus. EcoRI endonuclease is a
prokaryotic enzyme. Since bacteria lack nuclei, it is unlikely
that the endonuclease contains a specific signal to direct its
transport to the yeast nucleus. Therefore, it seems plausible
that the endonuclease may enter the nucleus through the nu-
clear pore. The functional radius of the nuclear pore has
been measured to be 45-55 A (6, 7). In principle, this size is
sufficient to allow passage of spherical proteins as large as
50-60 kDa. EcoRI endonuclease is active as a dimer of 62
kDa and may be able to pass through the pore without the aid
of any specific transport apparatus. The results imply that,
for some nuclear proteins, there may be no requirement for a
specific mechanism to assure entry of a protein into the nu-
cleus. However, for proteins larger than the diameter of the
pore or for those proteins that must be concentrated against
a gradient, specific mechanisms may exist. It will be inter-
esting to determine if mutations that block entry of the endo-
nuclease into the nucleus (perhaps nuclear pore mutants)
also block the entry of authentic nuclear proteins. If fusion
proteins can be made between nuclear proteins and EcoRI
endonuclease that retain endonucleolytic activity, it may be
possible to select mutations that inactivate any signal for nu-
clear targeting that may be present in the protein. This ap-
proach may be feasible, as we have recently demonstrated
that at least 11 amino acids can be added to the amino termi-
nus of EcoRI endonuclease with no loss of EcoRI activity
(unpublished data).

The rad52 mutant was isolated by virtue of its sensitivity
to ionizing radiation (28). Ionizing radiation, in addition to
causing breaks in DNA, also generates free radicals as it
passes through aqueous environments (32), thus complicat-
ing an interpretation of the properties of the mutant. The dif-
ferential sensitivity of rad52 and RADS2 cells to induction of
YCpGal:RIa extends previous work (33, 30) that indicate
that the radiation-induced lethality in rad52 mutants is due to
DNA damage per se and is not an indirect consequence of
secondary effects of ionizing radiation.
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The regulated synthesis of the EcoRI endoriuclease in vivo
will be useful in a variety of studies, including the mecha-
nism of recombination initiation, negative selections for pro-
moter fusions, and in vivo studies of chromatin structure.
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