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ABSTRACT
The state of cellular chromatin in response to DNA

agents, CPT delivers protein-linked single-strand breaks
primarily to actively transcribed regions (8,14-17). Conse-

damage has been examined by monitoring the
change in the linking number of circular episomes.
COS cells transfected with an SV40-based vector
were treated with camptothecin (CPT), a eukaryotic
DNA topoisomerase | (TOP1) poison which induces
TOP1-mediated DNA damage. Within minutes, a large
increase in the linking number (over 10 linking
number) of a small fraction (5—-15%) of the episomal
DNA was observed. A similar CPT-induced increase
in plasmid DNA linking number was observed in
Saccharomyces cerevisae expressing human DNA
TOP1. In this case, the majority of the plasmid DNA
can undergo rapid relaxation. The large increase in

qguently, CPT is particularly useful for probing repair of DNA
damage within the transcribed regions. Indeed, Cockayne cells
(both CSA and CSB), which are defective in transcription-
coupled repair, have been shown to be hypersensitive to CPT
(18).

In this study, the state of chromatin was monitored by
measuring the linking number of an SV40-based episomal
DNA vector in COS cells treated with CPT. Within minutes, a
large increase in linking number of the episomal DNA was
observed, suggesting major chromatin reorganization as a
rapid response to TOP1l-mediated DNA damage. Studies in
Saccharomyces cerevisdgave also demonstrated similar
plasmid linking number change in response to CPT. These
results suggest major chromatin structural change in response
to TOP1-mediated DNA damage. Preliminary genetic studies

the plasmid linking number suggests major chromatin
structural reorganization in response to TOP I-mediated
DNA damage.

have ruled out the involvement of RADSG in this process.

MATERIALS AND METHODS

INTRODUCTION

Chromatin represents a structural barrier to the repair of DNAHSV2cat was propagated Escherichia coliHB101. Closed
damage (1-3). However, very little is known about the state ogircular DNA was prepared by the alkali lysis method followed
chromatin during DNA repair. It is reasonable to assume thal)y Quiagen column purification. 20(S)-CPT [unless otherwise
upon DNA damage, chromatin must undergo changes to allovwndicated, 20(S)-CPT was used throughout this study] and
repair enzymes to access damaged DNA sites. Indeed, mag@(R)-CPT were kind gifts from Dr Monroe Wall (Research
studies have suggested that chromatin loses its nucleosomiiangle Park, NC). VM-26 (teniposide), 3-aminobenzamide
structure immediately following repair, as based on nucleasagnd cycloheximide were purchased from Aldrich Chemical
digestion studies on repair-labeled DNA (4—6). Reassembly dfo. DMSO, aphidicolin and Proteinase K were purchased from
nucleosomes in repaired genomic regions can be demonstratB@ehringer Mannheim. Fetal bovine serum and tissue culture
to occur gradually (6). However, nothing is known about themedia were purchased from Gibco-BRL. COS-1 and COS-7
process that leads to nucleosome disassembly prior to @ells were obtained from ATCC. The humdhactin gene
during repair. probe was purified from pHFbA-1 as a 2.1 kihd fragment
Unlike most other DNA damaging agents, camptothecircontaining the humag-actin cDNA (19). The human topo-
(CPT) induces a highly specific type of DNA damage and igsomerase | (nTOP1) cDNA was purified as BodR| fragment
therefore particularly useful for studying DNA damagefrom pETT1B (20). The humag-globin cDNA was purified as
responses. CPT induces topoisomerase | (TOP1)-mediatédl.7 koBamHI fragment from pLY4 (21). All DNA fragments
DNA damage by specifically blocking the religation step in thewere3?P-labeled by the random-primer DNA labeling method
enzyme-catalyzed breakage/religation cycles on DNA (7,8)22).
Many cellular effects of CPT, such as induction of sister- YCpGAL1-hTOP1 is a single-copy plasmid containing
chromatid exchanges and chromosome aberratiopsce®  hTOP1 cDNA under the control of the GAL1 promoter (23).
cycle arrest, elevation of fmsand cjun mRNAs and p53, and The yeast A-derived plasmid Yep96 carries a synthetic yeast
activation of NFkB, are characteristic of DNA damage Ub gene under the control of the copper-inducible CUP1 pro-
responses (9-13). However, different from other DNA damagingnoter (24). Plasmid HA-UbK63R, in which Lys63 of ubiquitin
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is replaced with arginine, is identical to Yep96 except that itby electrophoresis and Southern blotting were performed as
bears a haemagglutinin (HA) tag on the N-terminus of Ub (25)described above.

Saccharomyces cerevisiarain IN362aNIATa, adel, ura3-52 ) )

leu2, is7, trpl, tyrl, ised and its isogeniciradé derivative, —Yéast growth, CPT treatment and DNA isolation
JIN362d\rad6(MATa adel ura3-52 leu2, is7,trpl, tyrl,ise2  Yeast strains were transformed with various plasmids according
rad6::LEU2) are constructed by Dr J. Nitiss. to Gietzet al. (29). Strains were grown at 30 in minimal
medium (YNB) containing 0.67% yeast nitrogen base without
amino acids (Difco) supplemented with appropriate nutrients
SV40 T-antigen expressing Simian monkey kidney cells, COS-{SD medium). Strains were inoculated into 2% glucose SD
and COS-7 (26), were maintained in Dulbecco’s modifiedmedium and grown to saturation at°®8 Cells were then
Eagle’s medium (DMEM) supplemented with 10% fetal calftransferred into 2% raffinose SD medium (1:100 dilution).
serum at 37C in a 5% CQ incubator. Subconfluent cells were \When cells reached 0.5 at 0.D.600, 2% galactose was added to
transfected with pSV2cat DNA by the DEAE-dextran methodinduce hTOP1. To induce HA-UbK63R overexpression,
(27). Cells were washed twice with pre-warmed phosphatet00uM CuSQ, was added together with galactose. Eight hours
buffered saline (PBS) and then transfected with 250 ng of pSV2cg@bst-induction, cells were treated with CPT [1081 in 1%
DNA mixed with DEAE-dextran. After frequent agitation for pMSO and 25 mM 4-(2-hydroxyethyl)-1-peperazineethane-
3-5 h, cells were washed twice with PBS and incubated witlylfonic acid (pH 7.2)] for 30 min.

pre-warmed DMEM-10 at 3T for continued growth. CPT  £or DNA isolation, 25 ml of yeast cell culture was mixed
treatment or UV irradiation was performed within 48—72 hyith 2 ml of ice-cold 0.5 M EDTA (pH 8.0) and 25 ml of an
post-transfection. ice-cold termination solution (95% ethanol, 3% toluene and
20 mM Tris, pH 8.0). The mixture was then centrifuged at

_ _ 3000 r.p.m. at AC for 5 min. Cell pellets were suspended with
Following CPT treatment, transfected COS-cells in 35 mmy spheroplasting solution (1 M sorbitol, 25 mM EDTA, pH 8.0,
dishes were washed once with ice-cold PBS. DNAs were isolategy mm B-mercaptoethanol and 1 mg/ml zymolyase). After
by the Hirt extraction procedure (28). The DNA pellet was30 min incubation at 3T, the spheroplast was pelleted and

dissolved in 63ul of 20 mM Tris, pH 8.0 and 50 MM EDTA.  plasmid DNAs were recovered from cell pellets as described (30).
One-third of each DNA sample was analyzed by electrophoresis

in 1% agarose gel and 0.5x Tris—phosphate electrophoresis
(TPE) buffer containing the indicated concentration of chloroquinéRESULTS
Gels were stained with ethidium bromide and then prepared f%

Cell culture and transfection

Cell harvest and isolation of episomal DNAs

Southern transfer onto Zeta GT membrane filters. pUC1 PTln_duces rapid and reversible relaxation of episomal
DNA was used to prepare tB#-labeled probe by the random- NAs in COS cells
primer labeling method (22). In order to study the effect of TOP1-mediated DNA damage on
. _ the chromatin structure, the linking number of episomal DNAs
UVirradiation of COS cells in COS cells treated with CPT was monitored. As shown in
COS-7 cells transfected with pSV2cat DNA were irradiated withFigure 1, within 3 min, CPT induced a large change in the
UV light at 48—72 h post-transfection. The media were removetinking number of the episomal pSV2cat DNA, resulting in the
from dishes thoroughly by suction and cells were irradiated in théaster migration of a new species labeled R in 1% agarose gel
UV Stratalinker (Model 2400) with 254 nm wavelength germ-containing 5uM chloroquine. This new species R was identi-
icidal light at 30, 100 or 300 J/ras indicated. Irradiated cells fied to represent partially relaxed topoisomers by comparing its
were replenished with pre-warmed DMEM-10 medium andelectrophoretic pattern in the absence and presence of varying
incubated in a C@incubator at 37C for various time periods. concentrations of chloroquine (data not shown) as well as by
. . L o two-dimensional gel electrophoresis (Fig. 3). Based on the sep-
Digestion of chromatin in isolated nuclei withStaphylococcus g ation between the supercoiled DNA (S) and relaxed DNA
aureusnuclease (R), the linking number increase was estimated to be greater
Cells were either treated with M CPT at 37C for 10 min,  than 10. This large change in DNA linking number is charac-
or UV-irradiated at 100 J/fand then incubated at 3Z for  teristic of major chromatin structural reorganization and possibly
15 min. Nuclei of treated cells were then isolated by thendicates partial or complete disassembly of multiple nucleo-
following procedure. Briefly, cells were lysed by a lysis somes (31). This relaxation phenomenon appeared to be
solution containing 10 mM NaCl, 10 mM sodium phosphateyestricted to a 5-15% population of the total intracellular
pH 7.5, 3 mM MgCl, 0.5 mM dithiothreitol (DTT), 0.5 mM pSV2cat DNA in COS cells. As shown in Figure 1, after
PMSF, 5 mM N-ethylmaleimide (NEM) and 0.6% NP-40. 10 min of CPT treatment, ~15% of pSV2cat DNA was relaxed
Nuclei were scraped off the dishes with rubber policemen andnd no further increase in the proportion of this relaxed population
washed twice with the digestion buffer (10 mM Tris, pH 8.0, was observed. Similarly, a dose response curve has revealed a
25 mM CaC} and 50 mM NacCl).Staphylococcus aureus similar saturation phenomenon with the plateau being 15% of
nuclease was added to nuclei. Nuclease digestion was carrieglaxed population (data not shown). This relaxation phenom-
out at 37C for 10 min. The reactions were terminated by addingenon was shown to be due to the formation of TOP1-mediated
an SDS-lysis buffer (1% SDS, 50 mM EDTA, 10 mM HEPES, DNA damage since the inactive enantiomer of CPT, 20(R)-CPT,
pH 7.5 and 1 mg/ml Proteinase K) followed by incubation atfailed to induce relaxation even at higher concentrations (data
65°C for 1 h. DNAs were isolated by extraction with phenol/ not shown). Most interestingly, plasmid relaxation appeared to
chloroform followed by precipitation with ethanol. DNA analysis require continued presence of CPT. Upon removal of CPT
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Figure 1. Reversible change in the linking number of episomal DNAs in COS
cells treated with CPT. COS-1 cells were cultured in 100 mm Petri dishes thigure 2. CPT induces DNA relaxation in isolated nuclei. Nuclei were pre-
subconfluency and then transfected with pSV2cat DNA as described in Materialsared from COS cells transfected with pSV2cat as described in Materials and
and Methods. Sixty hours post-transfection, cells were treated with\25  Methods. Isolated nuclei were treated with CPTu@) at 37°C for varying
CPT. Cells were harvested at 1, 3, 10, 30, 120 and 240 min following CPTime period and then subjected to electrophoresis (wjtMEhloroquine) and
treatment. DNA samples were subjected to electrophoresis in 0.5x TPE buffsouthern analysis. Lanes 1, 3 and 5, DMSO controls (no CPT) for 20's, 1 and
containing 5uM chloroquine. Southern analysis was performed u¥iRgabel&l 10 min incubation, respectively; lanes 2, 4 and 6, nuclei treated witl EPT
pSV2cat DNA as the probe. Lane 1, control, no CPT treatment; lanes 2—-8, DNAor 20 s, 1 and 10 min, respectively.
samples from cells treated with CPT for 1, 3, 10, 30, 120 and 240 min, respectively;
lane 9, transfected cells were treated with CPT for 10 min followed by incubation
in CPT-free medium for another 30 min. The relaxed (R) and supercoiled (S)
DNA populations were marked.

Time (min) g 0 5 15 30 90120 15 15
——

from the culture medium, the relaxed population disappeared yy e o | 100
within 10 min at 37C. The relaxed DNA population is either
degraded or more likely converted back to the supercoiled
population.

A number of metabolic inhibitors including 3-aminobenzamide
(3-AB) [an inhibitor of poly(ADP-ribose) polymerase], aphidicolin
(an inhibitor of DNA polymeraser and d), dichloro-D-ribo-
furanosylbenzimidazole (DRB) (an RNA polymerase Il inhib-
itor) and cycloheximide (a protein synthesis inhibitor), have - e
been used during co-treatment with CPT and none affected -
CPT-induced relaxation.

To further study this phenomenon, nuclei were prepared jR
from pSV2cat transfected COS cells. Addition of CPTu{@) - |
to isolated nuclei similarly resulted in relaxation of pSV2cat
DNA (Fig. 2, lanes 2 and 4). Relaxation was rapid. Within 20 s 1 1 3 4 5 € 7 8 % 10
of CPT addition, a portion of pSV2cat DNA was relaxed, sug-
gesting that relaxation is a direct response to TOP1-mediatggy,re 3. uv irradiation induces an increase in the linking number of episomal
DNA damage. Unexpectedly, upon prolonged (10 min) incubatiomNA in COS cells. pSV2cat DNA transfected COS-7 cells were irradiated at

of nuclei, pSVZCat DNA was also relaxed in the absence ofarious UV doses and subsequently incubated &E3@r various time periods
CPT (Fig 2 lane 5) as indicated on top of each lane. Lanes 2—7, COS-7 cells irradiated with 100 J/m

and then incubated at 3C for 0, 5, 15, 30, 90 and 120 min, respectively;

; At i ; ; lane 8, COS-7 cells were irradiated with a UV dose of 302J4nd then
UV irradiation induces relaxation of episomal DNAs incubated at 37C for 15 min; lane 9, COS-7 cells were irradiated with a UV

We have tested the effect of topoisomerase || (TOP2)-mediatéH’59 of 300 J/ﬁnand then incubated at 3¢ for 15 min; lane 10, COS-7 cells
DNA damage on the linking number of episomal DNAs, e'e reated with 2aM of CPT for 15 min.

Surprisingly, VM-26 (100uM), a specific TOP2 poison, had ) ) ) )

no detectable effect on the linking number of episomal DNA inR). Like CPT, UV-induced relaxation of a small fraction of
COS cells (data not shown). However, irradiation of transpSV2cat DNA in COS cells (Fig. 3, compare lanes 4 and 10).
fected COS-7 cells with the 254 nm UV light induced the Interestingly, relaxation of pSV2cat DNA only occurred after
relaxed population (Fig. 3, see topoisomer population labeleti5 min of incubation at 3T following UV irradiation. With-
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chloroguine
(15 M)

Probing chromatin structural changes with Staphylococcal
nuclease

The observed large linking number change of episomal DNAs
treated with CPT suggests possible chromatin structural alter-
ation. In order to probe the chromatin structural change, nuclei
were isolated and the chromatin structure probed @ittureus
nuclease. As shown in Figure 4, the overall rate of digestion of
chromatin in isolated SW620 nuclei, as revealed by staining
}.l with ethidium bromide, was not altered by CPT treatment
(Fig. 5). Similarly, when gels were probed wiffP-labeled
R human (-actin cDNA, hTOP1 cDNA or humar$-globin
cDNA, no major difference in the rates of digestion with or
without CPT treatment was observed (Fig. 5). This experiment
has been repeated with similar results in a number of cell lines
Finure 4. Two-dimensional el electrophoresis of nSV2cat DNA isolated i mmcludmg CO_S-?, HT29 and Cocka_yne _ceILf; (both CSA and
B el gl ophoress of P\ 2cat DNAISOlted fom £SB). The slightly faster rates of digestion in non-Cockayne
with 5uM CPT for 10 min and then analyzed by two-dimensional gel electro-Cells (i.e. COS-7, HT29 and SW620) treated with CPT were
phoresis in the presence of chloroquine (5 anqullGfor the first and second  reproducibly observed usirfgractin and TOP1 cDNA probes
dimensions, respectively). Panel 1, DNA isolated from cells treated with CPTt not thep-globin cDNA probe. The significance of this
panel 2, DNA isolated from cells treated with 1% DMSO (control, no CPT); observation is unclear. UV irradiation (100 Jlnmad essen-

lane 3, DNA isolated from cells irradiated with 100 3/fdV (254 nm) . . .
followed by 15 min post-irradiation incubation. tially the same effect as CPT in all cell lines tested (data not
shown).

Control (DNS0) UV (100 J/M2)

(5 uh)

Ind
CPT (5 uM)
=

1 2 3

out post-irradiation incubation, no relaxation of pSV2cat DNACPT induces plasmid relaxation in yeast

was observed (Fig. 3, lane 2). It was also observed that thge have tested whether this plasmid relaxation phenomenon
relaxed population, albeit at reduced levels, persisted evegan be reproduced in yeast. Using the CPT permeable strain
after 120 min of post-irradiation incubation at°€7 (Fig. 3, JN362a and under the condition that hTOP1 was over-
lane 7). Relaxation of pSV2cat DNA in UV irradiated cells expressed (see +hTOP1 lanes in Fig. 6A), we were able to
was confirmed by two-dimensional gel electrophoresisdemonstrate that CPT (1QMM) indeed induced plasmid relax-
(Fig. 4). ation (see + CPT lanes in Fig. 6A). In this case, over 70% of the

[(-actin TOP1 [Fglobin EtBr Stain

CPT 10 uM + - + - n . v _
|—Hﬂ"‘m~||rw'-mﬂ—”'—"’ mg!lamn—lln—m mrw-"ammw—ln-ﬂ d‘aa"t&mn—l

. aureus
nuclease (unith

'Ha;i— i 5 @

- -

2 4 6 8 10 12 14 16
i 3 5 7 9 11 13 15 17

18 20 22 24 26 28 30 32
19 21 23 25 27 290 31

Figure 5. Probing CPT-induced chromatin structural chang&tphylococcahuclease digestion. SW620 cells were treated witpMOCPT for 15 min. Nuclei

were then isolated as described in Materials and Methods. Isolated nuclei were treated with QRIJ {&015 min and then digested witB.aureuswuclease as
described in Materials and Methods. Digested DNA was analyzed by electrophoresis in 1% agarose gel and Southern blotting wittPvabeled DNA

probes. Lanes 1-8, probed wihactin cDNA; lanes 916, probed with hTOP1 cDNA,; lanes 17-24, probed v@tglobin cDNA; lanes 2532, total DNA as

revealed by ethidium staining.
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Figure 6. CPT induces plasmid relaxation in yeast. All the strains used here were transformed with plasmid YCpGAL1-hTOP1 in which hTOP1 cDNA is under
the control of the GAL1 promoter. Cells were grown in 2% glucose SD medium and then transferred (1:100 dilution) into the same SD medium containing 2%
raffinose. When O.D.600 reached 0.5, 2% glucose or 2% galactose (for hTOP1 induction) was added into the log phase cultures. After 8 h of glsimrse repres
(-hTOP1) or galactose induction (+hTOP1), cells were treated witiuBCPT (+CPT) for 30 min at 3. Yeast plasmid DNA was then extracted and analyzed

by electrophoresis in 1% agarose gel (0.5x TPE buffer containjrlg 8hloroquine). Southern blotting was carried out using*@elabeled Yep96 DNA X) The
endogenousj2plasmid was directly measured in JN362a transformed with YCp-hTOP1 usif@ttabeled Yep96 DNA probe (the larger YCp-hTOP1 plasmid is not
shown in the gel);B) JIN362a (labeled RAD6) and its isogeritad6 derivative (labeleARADG) were transformed with YCpGA1-hTOP1. The endogenqus 2
plasmid detected by tHféP-labeled Yep96 DNA probe was show@)(Yeast CPT-permeable strain IN362a (RAD6) was transformed with both YCpGAL1-hTOP1
and a yeast|2-derived plasmid HA-UbK63R carrying the yeast Ub mutant (UbK63R). Cu300 uM) was added to all culture media at the time of galactose

(or glucose) addition. The plasmid HA-UbK63R DNA has the same size as the endogendd\26318 versus 6206 bp). Consequently, both plasmid DNAs
were detected by th8P-labeled Yep96 DNA probe as shown.

population was shown to be converted into the relaxed formvrapping of DNA around the nucleosome cores is prevented
(see species marked R in Fig. 6). The requirement for over31). An alternative explanation is that TOP1 is actively
expression of hTOP1 is probably due to the fact that yeashvolved in maintaining the negatively supercoiled state of a
TOP1 is much less sensitive to CPT than hTOP1. We have algmpulation of nucleosome-free episomal DNA (32,33). In this
tested the potential role of RAD6 and ubiquitin in CPT-case, TOP1 must selectively remove positive supercoils which
induced plasmid relaxation. RAD6, an E2 enzyme involved ins normally generated due to RNA transcription (34,35). Inhi-
ubiquitin—protein conjugation, has been shown to be involvedbition of TOP1 would result in more positively supercoiled
in DNA repair. As shown in Figure 6B, plasmid relaxation wasDNA (i.e. an increase in the linking number). We consider this
observed in both RAD6 andrad6 strains. In addition, over- alternative explanation unlikely for at least the following four
expression of a dominant negative mutant Ub (HA-UbK63RYeasons. First, purified TOP1 does not exhibit preferential
had no effect on plasmid relaxation, suggesting that at leasictivity on positively supercoiled DNA (36). Second, CPT is
Lys63 of Ub is not required for this process. an excellent TOP1 poison but a rather poor activity inhibitor of
In order to examine the chromatin structure, yeast IN362a0OP1 (8). Third, positively supercoiled episomal DNAs have
transformed with hTOP1 expression plasmid was treated withever been detected even at the highest CPT concentrations
CPT and then permeabilized for digestion v@taureusiuclease. used in our studies. Fourth, active transcription does not seem
As shown in Figure 7, th8.aureusiuclease digestion pattern to be required for the observed linking number change since
remained the same with or without CPT treatment. the transcription inhibitor DRB had no effect on this process.
In addition, CPT was shown to induce the same change in linking
number in the absence of active transcription in isolated nuclei
DISCUSSION (Fig. 2) (note that no rNTPs were added to isolated nuclei
The large linking number increase of episomal DNAs observeduring the reaction).
in COS cells treated with CPT is intriguing. The most likely It is interesting that only a small fraction of the episomal
explanation is that episomal DNAs have undergone rapid chrddNA in COS cells is relaxed by CPT or UV treatment. Previous
matin reorganization. The increase of greater than 10 linkingtudies have shown that only a small fraction of SV40 DNA in
number in the episomal DNA suggests that at least 10 nuclednfected monkey cells is transcriptionally active and are
somes have been disassembled or significantly altered so thatsionally stressed upon isolation (32,33). The amount of this
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the UV-damaged episomal DNA molecules retain their intact
chromatin structure. Only a fraction (<10%) of the episomal
DNA molecules are relaxed.

MNase (unit/ml) To test whether the chromatin structure in response to TOP1-
mediated DNA damage, we have performed nuclease digestion
studies. The results frorBtaphylococcahuclease digestion
studies in isolated nuclei indicate that bulk chromatin is not
altered in COS cells treated with either CPT or UV. Likewise,
both active (e.g. hnTOPBractin) and inactivef-globin) genes

- are arranged in regular nucleosomal arrays. These results

appeared to contradict the plasmid relaxation results. One

possible explanation is that nucleosomes within actively tran-
scribed regions may undergo some form of disassembly (to
explain plasmid relaxation as revealed by the linking number
measurement) without complete dissociation of histones from
the DNA templates (to explain the nucleosomal arrays as
revealed by nuclease digestion). This type of chromatin struc-
tural alteration has been demonstrated for ATP-dependent

N chromatin remodeling complexes such as SWI/SNF (38—42).

Chromatin reorganization observed in our studies could
result from histone modifications. Amongst a myriad of his-
tone moadifications, histone ubiquitination appears attractive.

First, ubiquitinated histones H2A and H2B are known to be

associated with active chromatin (43). Second, CPT is known

Figure 7. Staphylococcus auremsiclease digestion of chromatin in permeabiize {0 induce rapid multi-ubiquitination of TOP1 (44). UV irradi-

yeast cells. Yeast IN362a transformed with YCpGAL1-hTOP1 was cultured iration is also known to induce ubiquitination of the largest sub-

2% glucose SD medium. Expression of hTOP1 by galactose induction angnit of RNA polymerase Il (45). Third, RADG, an E2 enzyme

CPT (100uM) treatment were performed as described in the Figlire 6 legend . . . LT
Yeast cells were then permeabilized using NP-40 as described ceptthatClgpown to be involved in DNA repair, can catalyze ubiquitin

and S.aureusnuclease were included in the permeabilization solution (47).cONjugation to histone H2An V_itro (46)-_ Consquent_ly, we
Staphylococcus aureusiclease digestion was performed atGGor 5 min. have tested the role of RADG in plasmid relaxation in yeast.
Digestion was terminated by the addition of SDS, RNase A and proteinase r results have clearly shown that RAD6 is not responsible

as described (47). Digested DNA was then isolated by phenol/chlorofori . . .
extraction followed by ethanol precipitation. DNA samples were analyzed b?or plasmld relaxation in response to CPT.

1 kb ladder
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electrophoresis in 2% agarose gel and Southern blotting #RHabeled Our working model for this interesting phenomenon is
Yep96 DNA. The positions of mononucleosomes (MN), dinucleosomes (DN)hown in Figure 8. In this model, we propose that SV40 mini-
and trinucleosomes (TN) are marked. chromosomes exist in two populations, the active (susceptible

fraction) and the inactive (inert fraction) chromatin. DNA

damage in active but not inactive chromatin induces major

chromatin reorganization. The nature of this reorganization is
fraction varies depending on the post-infection time (37)ynclear. However, based on both linking number measurement
Addition of purified TOP1 has been shown to result in relax-and nuclease probing, the reorganized chromatin may involve
ation of this small population of transcriptionally active SV40 extensive disassembly of multiple nucleosomes without
minichromosomes in isolated nuclei (32,33). It seems possiblgistone dissociation. The reorganized chromatin is detected as
that the small fraction (e.g. 5-15%) of the relaxed episomalelaxed DNA due to passive activity of a topoisomerase.
DNA we have observed in transfected COS cells represents thgyparently, the majority of plasmid DNA molecules are sus-
transcriptionally active fraction. Either CPT or UV treatment isceptible to relaxation in response to DNA damage in yeast.
able to effect relaxation of this population. Consequently, yeast may offer an excellent system for both

The effect of UV irradiation on the linking number change ofgenetic and biochemical analysis of chromatin dynamics in

the episomal DNA is quite similar to that of CPT. Only a response to DNA damage. Clearly, further studies are neces-
fraction of the episomal DNA is converted to the relaxed stat&ary to reveal the nature of this rapid chromatin reorganization
in COS cells. Interestingly, relaxation of episomal DNA (asreaction as an early response to TOP1-mediated DNA damage.
measured by the linking humber increase) peaked at 15 min
post-irradiation in COS cells irradiated with 100 3/mt this
UV dose, multiple UV lesions are introduced into the episomafA‘CKNOWI‘EDGEMENTS
DNA template. This is most evident by inspecting the smearetive are grateful to Dr Kawai Lau for his many helpful
distribution of topoisomers in cells irradiated with a UV dosediscussions and assistance during the course of this work, and
of 300 J/n? (Fig. 3, lane 9), which indicates that all episomal Drs John Nitiss and R. Haguensauer-Tsapis for providing us
DNA molecules have been heavily damaged. However, even atith the yeast strains. This work was supported by NIH grants
300 J/m, only a fraction of the episomal DNA is relaxed GM27731 (to L.F.L.), CA39662 (to L.F.L.) and CA72878 (to
(Fig. 3, lane 9). This result clearly indicates that the majority ofH.Z.).
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Figure 8. A working model for chromatin reorganization induced by DNA damage. In COS cells, two populations of the SV40 minichromosomes exist, the inert
and the susceptible fractions. The susceptible fraction, which probably represents transcriptionally active population of the SV40 mintespcassondergo

rapid and extensive chromatin structural alteration in response to DNA damage by either UV or CPT treatment. Chromatin structural alterd@ynimasvés
disassembly of a group of nucleosomes without the loss of histones. This chromatin structural alteration is detected by the linking numberheheingganf t
episome due to passive activity of a topoisomerase.
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