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Determination of DNA topoisomerase [ activity from L1210 cells
— a target for screening antitumor agents

WANG Long—Gui, LTU Xiao—Mei, JI Xiu—Juan (Insritute of Maieria Medica,
Chinese Academy of Medical Sciences, Beijing 100050, China)

ABSTRACT DNA topoisomerase [I was iso'ated
from mouse leukemia L1210 cells and the activity was
determined by using P4 phage knotted DNA and pBR
322 DNA as the substrates. Based on these results, a
method for screening antitumor agenis by using DNA
topoisomerase II as a target was ¢stablished.

The experiments showed that DNA
topoisomerase Il catalyzed pBR 322 DNA breaking
and relaxing which were revesible and dependent on
ATP. The activity was increased 2 — 4 umes in the
presence of ATP | mmol « L™, In contrast with type
I enzyme, the activity of DNA topoisomerase
I was completely inhibited in the presence of ATP 1
mmol »+ L™ and had full activity in the absence of
ATP. Type B enzyme also showed the unknotiing
activity by using pd4 phage knotted DNA as a
substrate. DNA cleavage and relaxing reaction
induced by type H enzyme increased 5—fold in the
presence of Doxorubicin (Dox) 1 ug+ ml™ or
davnorabicin (Dau). Etoposide (Eto) and aclarubicin
B {Ac¢l B) also stimulated the reaction at 100 pg -
mi™. The cleavage reaction resulted from
topoisomerase [I was inhibited by other agents, such
as frankincense ecxtracts, terpenic compounds (BC
series).

KEY WORDS DNA untwisting proteins; DNA
gyrase; leukemia L1210, antitumor drug screening
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DNA topoisomerase I i a nuclear
enzyme which modifics DNA 1opology by iis
ability to break and reseal one or both
strands. This enzyme plays very important
roles in DNA replication, and other genectic
processes’”’. DNA topoisomerases I and [I
are fruitful targets for both antimicrobial and
oncologic drug developmem®?. Many
intercalative antitumor drugs have been shown
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to induce reversible protein—linked DNA
breaks. DNA topoisomerases | and /or U
arc responsible for this action™. A high
degree of correlation’ was found between
cytotoxicity and potency of inducing cleavable
complex formation in vive and in vitro™. TIn
the present work an attempl was made to use
DNA topoisomerase ]I as a target tor screen-
ing aniitumor agents.

MATERIALS AND METHODS

M aterials Phenylmethyl—sulfonyl
fluoride (PMSF), Sigma Chemical Company
product, was kindly provided by Professor
MA Bender, New York. The working solu-
tion in propyl alcohol was made before use.
P4 phage DNA was kindly provided by Pro-
fessor L F Liu, Baltimore, USA. Topo—
tsomerase I was purchased from Promega.,
ATP was obtained from BDH Chemicals.
1,4—Dithiothreitol (DTT) and proteinase K
were products of Merck Company. Sarkosyl,
doxorubicin (Dox) and daunorubicin (Dau)
were  purchased from Sigma Chemical
Company and Farmitalia. Aclarubicin B
(Acl-B) was a gift from Dr Zhuang
Zeng—Hua, Eto was  produced by
Lian—yun—gang Pharmacentical Factory.
Meisoindigo (Mei), ranuculin (Ran) and
terpenic  compounds (BC  series) were
synthesized or extracted by our institute.
Acetyishikonin {Ace) was provided by Insti-
tute of Botany, the Chinese Academy of Sci-
ences. [°H] TdR (925 GBg* mmoi !« L7}
was purchased rom Chinese Academy of
Atomic Energy Sciences.

Cells Mouse lecukemia L1210 cells were
obtained from the DBA /2 mouse 6 or 7 d
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after transplantation, washed with phosphate
buffer solution (PBS3) for several times and
counted. KB cells were grown in RPMIT 1640
medium (Gibco) with penicillin 40 IU « ml™",
streptomycin 50 uyg « ml™' and 10% fetal calf
serum, and incubated at 37C in the presence
of 5% CQ,. The cells were sceded for 24 h
before the experiment.

Alkaline Elution The alkaline elution
technigue for assaying DNA single—sirand
breaks (SSB) has been described previouslym.
Briefly, 2.5 x 10°—5.0 x 10° of KB cells were
labeled with P"H]TdR for 16 h. The medium
containing radicactivity was removed and
fresh medium was added to the culture and the
cells were incubated for another 12 h, The la-
beled cells were treated with Eto, Dox, Mei or
Ran for 1 h. Washed twice with ice—cold PBS
(pH 7.4), harvested by rubber policeman,
loaded on polyvinyl chloride flter {1.2 uam)
and lysed with a solution of 2% SDS, EDTA
20 mmol- L' (pH 10.0). The DNA was
eluted from the filter with NaOH at pH 12.0,
The rate of elution was 1,5 ml+» h™' with a
fraction interval of 1 h. And a total elution
time of 10 h.

Extraction of topoisomerase ]I from
mouse leukemia L1210 cells The mouse
leukemia L1210 cells were drawn from mouse
6 or 7 d after transplantation and washed
twice with ice—cold PBS. 1 x 10® Cells were
suspended in 10 m! of TMN (Tris 10 mmol -
L7, pH 7.5, MgCl, 1.5 mmol- L™ and
NaCl 10 mmol « L") and allowed to set a1 0C
for 10 min. One ml of 10% Sarkosyl was
added to the cell suspension and the mixture
gently triturated and fieally left at 0C for 15
min. The cells were then centrifuged at 3000
% g Tor 10 min, and the pellet was resuspend-
ed in 2 ml of ice—cold buffer A (Tris 50
mmol = L7, pH 7.5, KCl 25 mmol~- L7,
CaCl, mmol- L™ | MpCl, 3 mmols L7,
sucrose 0.25 mol» L"), and fresh PMSF in
propanol was added to final concentration of 1
mmol « L™ and kept in ice For 2 min, the 0.6
ml] of buffer B (bulfer A with 0.6 mol « L™}
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sucrose) and sedimented at 5000x g for 10
min. The pellet was resuspended in 2 ml buf-
fer C (buffer A without CaCl, and with
MgCl, 5mmol ~ L"), centrifuged at 5000 x g
for 10 min and finally the pellct was
resuspended in 0.15 ml of buffer D (same as
buffer C but without sucrese}, 15 ul ol EDTA
0.2 mol+ L' {pH 8.0) and 0.33 ml of buffer
E [Tris 80 mmols L7, pH 7.5, EDTA2
mmol + L™, DTT 1 mmol - L™, NaCl 0.53
molL™, and 20% glycerol, {vol « vol™")]. This
mixture was gently triturated, left at 0 T for
30 min, and centnifuged at 40000 x g for 20
min. The protein concentration of the
supernatant containing topoisomerase 1I was
determined by colorimetric method”. The
cnzyme solution was diluted with an equal
volume of glycerol, and BSA and PMSF were
added to get final concentrations of 1 mg
ml™' and 0.5 mmol - L', respectively. The
enzyme is stable at —20 C for 3 wk.

Cleavage of plasmid pBR 322 DNA
Supercoiled pBR 322 DNA was isolated
accocding to procedures of “large scale prepa-
ration of plasmid DNA"® and treated with
200 pug + ml”' of RNase at 37 C for 1 h.
Three bands {form 1 : supercoiled; form 1I :
nicked circular and form [l ; linear) should ap-
pear on 0.8% agarose gel alier
clectrophoresis. A 20—ul assay contained 5 ul
of cleavage buffer (Tris 200 mmol - L™, pH
7.5, KCI 340 mmol+ L7!, MgCl, 40 mmol -
LY, DTT 20 mmol « L™, BSA 120 ug - mI™*
and ATP 4 mmol- L™"), 1 pg of pBR 322
DMNA, and various amounts of topoisomearse
I . After incubation at 37C for 30 min, the
rcaction was terminated by adding 2 ul of 10%
SDS and 2 ul of proteinase K (10 mg + mI™).
The mixture was then incubated at 37 T for
another 30 min. Two al of loading buffer
(bromophenol blue 0.42% , xylene cyanol
0.42%, and glucerol 50% in H,0) were added,
the DNA was subjected to electrophoresis on
0.8% agarose gel at 80 V for 2 h, and the gel
was stained with 1 ug « ml™ of EB solution
for 30 min.
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Effects of antitumor sagents on the cnzyme
actvity The cleavage reaction induced by
DNA topoisomerase I can be affected by
some antitumor agents Im 2 ways, Ie,
stimulation and inhibition. For the former
0.2 U of the enzyme in the cleavage reaction
was used in which supercoiled pBR 322 DNA
(form 1) did not become nicked in circles (form
1) or linear (form I ) significantly. For the
latter 1 U of the enzyme was used so that the
form 1 DNA band disappear completely in
the absence of drug. Then the reaction was
performed as above except that an antitumor
agent was added to the reaction system.

RESULTS

Catalytic activities of topoisomerases
The catalytic activity of topoisomerase II was
estimated by cleavage reaction. One ug of
pBR 322 DNA was incubated with 0.1, 0.3
and 0.5 ug of the proteins extracted from
L1210 cells in the reaction mixtures for 30 min
as described above and 1 U of the enzyme is
defined as the amount of proteins which
caused 1 ug of supercoiled pBR 322 DNA to
become form Il or form I DNA at 37C in 30
min. As shown in Fig 1la (lane B to D), the
catalytic reaction showed a function of the
amount of enzyme proteins in the presence of
ATP 1 mmol - L™'. About 0.5 ug of the pro-
teins were needed to complete the cleavage
reaction. The specilic activity of the enzyme
was found to be about 2000 U » mg™'. How-
ever, the activity decreased (1.5 ug of the
enzyme proteins were needed for full reaction)
when the reaction was performed in the ab-
scnce of ATP. In contrast with topoisomerase
I, the activity of topoisomerase [ was inhib-
ited by ATP 1 mmol « L™ (Fig 1, lane [ to J)
and the enzyme showed a full activity in the
absence of ATP {Fig 1b,lane K 10 L}.

Effects of NaCl on topoisomerase 1T
activity One of the characters of
topoisomerase 1l is that the cleavage of
supercoiled DNAby the enzyme can be inhib-
ited by high concentrations of NaCl. In our

reaction system pBR 322 DNA 2.5 ug,
emzyme proteins 2.5 U and different amount
of NaCl were added to cleavage buffer to a
final vioume of 50 ul. Fig 2 indicated that the
inhibition of NaCl on catalytic activity of
topoisomerase I was a function of the con-
centration of the salt. Addition of high con-
centrations of NaCl (0.25 mol- L7, lane E
and 0.5 mol « L™, lane F) to the reaction mix-
ture the cleavage was completely blocked.

This result is consistent with the previous re-

Catalyzed by topoisomerase I extracts

A B C DEF G

— I {mucked cireular}
~—— Hl {lincar)

Catalyzed by pure topoisomerase |
H I ] K L

Flg 1. Cleavage and relaxing of pBR 322 DNA by
topoisomerasen with or without ATP. Lane A: pBR
322 DNA only; lane B to D: DNA and 0.1, 0.3, 0.5 ug
of the extracts with ATP 1 mmol + L™} lane E to
Giame a8 the “B to D", but without ATP; lane H:
DNA only; lane T to J: DNA and 05, 10 U
topolsomerase 1 with ATP 1 mmol « L™ lane K to L:
aame as the *I to J°, but without ATP.

Reversibility of the topoisomerase 11
cleavape reaction Cleavage reaction induced
by topoisomerase I is reversible. After com-
pletion of the reaction, the mixture was set on
ice bath or highconcentration of NaCl was ad-
ded to the mixture (final concentration of
NaCl10.5 mol + L™!) and incubated at 37T for
30 min. As shown in Fig 3, the cleavage reac-
tion was reversed by decreasing temperature
from 37 T 10 0 € (lane C) or high concentra—
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Fig 2. Imhibitlon of NaCl on cleavage of DNA by
mouse leukemia L1210 cell topolsomerase 1. A reac.
ton mixture {30 ul) contalned 7.5 11 CB, 3.0 ug pBR
322 DNA, 3 U topolsomerase [[ and different concen-
trations of NaCl. Lane A ls the control (no enryme).
Fimal NaCl concentrations in lame B to G were 0, 500,
250, 125, 62.5 and 31 mmeol + L™, respectively.

A B C D

Fig 3. Reversible cleavage of pBR 322 DNA by mouse
Jkeukemia L1210 cell topolsomerase [1. A 30—ul assay
contalmed the same bulffer as above, 3.0 ug pBR 322
DNA and 3.0 U DNA topolsomerase [ . Lame A {with-
out the enzyme) and B {with the enzyme} are the con-
trols. Lame C: after incubation at 37T for 30 min, the
reaction mixture was kept on lce—bath for 30 min.
Lamwe D : 500 mmoi * L™ of NaCl was added to the
mixtare and locubated at 37C for another 30 min. The
reactions both in lane C and D were terminated.

tion of sodium chloride (lane D) compared
with control (lane A). This result is also in
agreement with the previous report(’).
Unknotting activity The unknotting of
knotted P4 phage DNA is shown in Fig 4. As
the reaction procedes, the faster migrating
smear of multiple knotted DNA was converted
to the slower moving heavy band of unknotted
circular malecules. This reaction was inhib-
ited by ADM (comparing lane C with lane D).

R
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A B C D

—— pdcircle

.

pd knots

Fig 4. Assay for unknotting activity of topolsomerase
I from L1210 cells. Reactions {20 ul each) were con-
dwcted under the same conditions as those decribed for
the cleavage assay except that P4 kootted DNA (1 ug)
was uwsed. Lane A: P4 knotted D'NA only; lane B, C:
P4 DNA with 1.5 and 3.0 ug enzyme extracts; lane D
P4 DNA with 3 g enzyme extracts and 10 ug Dox.

Effects of antitumor agents on
topoisomerase I activity

1 Stimulation of DNA cleavage Afier
incubation of pBR 322 DNA 1 pug with 0.2 U
of topoisomerase Il extracted from mouse
leukemia 1.1210 eclls in the presence (lane E to
P in Fig 5A) or absence (Fig 5A, lane B) of
Eto, Dox, Dau and Acl-B 1, 10, and 100 ug -

" ml™", the reaction products were treated with

SDS, proteinase X and then electrophorised
on 0.8 % agarose gel. The presence of Dox
and Dau 1 ug + ml™" reproducibly stimulated
DNA cleavage by 5—fold in the presence of the
enzyme (only 0.2 U of the enzyme was needed
for complete cleavage). Eto and Acl-B also

" enhanced the cleavage ability of topoisomerase

II but with higher concentrations in our

experimental conditions (Tab 1). The high
concentrations of Dox and Dau (100 ug-
ml™") induced alteration of mobility of the
DNA on the agarose gel elecirophoresis. This
might result from the intercalation of the drugs
to DNA. However, the stimulations of DNA


http://www.cqvip.com

- 112

cleavage by topoisomerase [I in the presence
of Mei, Ace, Ara-c, and Ran were not seecn
{Fig 5B).

ABC DEFGHI JTKLMNDO

Fig 5. Effect of antitumor drugs om pBR 322 DNA
cleavage reaction by topolsomerase I1 . A: Lane A:
DNA only; laue B to D: DNA with the enzyme (0.1, 0.3
and 0.5 ugk lane E to G: 0.2 U enzyme and iceatment
with 1, 10, 100 zg - m1™”' of Eto; lane H to J: 100, 10
and 1 pzg - mlI™' of Dox; lane K to M: 100, 10 and 1
g - mt™"  of Dan; lane N to P: 180, 10 and 1 ug-
ml™ of Acl—-B. B: Lene A: DNA ouly; lane B: DNA
with 0.2 U enzyme; lape C: 10 pg « ml”  Dox; lane D
to F: 100, 10 and 1 g + ml™"  of Mel; lane G to 1: 100,
10 and 1 pg - wil™ of Ace lane J to L: 100, 10 and 1
g - ml™ of Ram; lame M o O 100, 10 aud 1 pg -
' of Are—C.

2 TInhibition on the catalytic activity
The  cleavage reaclion  catalysed by
topoisomerase II can be inhibited by somc
chemicals. As shown in Fig 6 and Tab 1,
when 2.5 pg of pBR 322 DNA reacled with 2.5
U of topoisimerase I in the absence of drugs
band T complelely disappeared. The reac
tions were stopped when terpenic compound
BC—-1, BC—-4, BC-9 100 ymol or BC-M 200
umol were added to the reaction system.
These agents also showed cytotoxicity (data
not shown),

DNA single sirapd breaks induced by
antitumor agents DNA single strand breaks
(S5B) induced by antitumor agents was

Tab 1. Stimulations of Eto, Dox, Daa and Acl-B and
Inblbitlons of BC serles om pBR 322 DNA cleavage
reactloncatalyzed by topolsomersse [T . — mo actlvity;
+. half activity and ++: full actlvity.

Topoisomerase  Drug Stimulation or inhibition actvity

I (units) 1.0 1080 100.0 2000
02 Eto, pg - mt” -~ +

Dox, g - mi™ +—+ ++

Dau, ug * mi™ +—+

Aci-B, pg - ml™ -~ -

Arc—C, pg - ml™ — -

Ace, pg = mi”' - -

M-GAG, ug > mi™t — -
CMT, ymol - L7 -~ -
Mei, pmol = L™ - -
Ran, pmot - L - -
VCR, mmol-L' - -

10 BC-1,pmol - L™ - + ++
BC~3.gmol » L™ -
BC—4, gmol ~ L™ -
BC—4, pmol « L™ +
BC—6, gmol = L™ -
BC—8, ymol » L™ -
BC-9, pmol - L7 - + ++
BC—M, yanol « L -

ABCDETFGHTIJK
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Fig 6. Inhibition of wopowomerase [T activity by sotitwmor
sgentd. Lane A: DNA only; lane B: DNA with 1 U of the
etzyme; lane C: treated with 10 zg - ml™ of Dox; lane D to
¥: freated with 1, 10, 100 jamol « L of BC-Llane Gin k:
treated with 1, 10, 100 japmol = L™ of BC—1; lane J to K:
treated with 200 and 100 jmol « L™ of BC—4M.

estimated by alkaline elution technigque. As
shown in Fig 7 S5B in K B cells were observed after
the treatment with Eto and Dox, and thenumbers
of breaks were increased with increasing drug
concentrations. At higher concentrations, Eto

o oa
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produced greater numbers of §SB, although
the curves tended to level off, as if ap-
proaching saturation (Fig 7). But DNA single
strand breaks were not obtained when KB
cells were exposed to Ran and Mei under the
same experimental conditions (Fig 7).
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Flg 7. Analysis of DNA single strand breaks Induced
by autitemor drugs In KB cella by mesns of slkaline
clution. The cells were exposed to 10 and 30 ug - m)™
of Eta, Dox, or 10 to 3¢ gmol « L' of Ran and Mel
for 1 h, washed twice with cold PBS amd eluted with
NaOH solution (pH 12.00). (O) : comtrel; (@) :
1 ugwi” orpmol- L™ (%) :30 ug- mi™* or
pmol » L7

DISCUSSION

In recent years, many methods have been
reporied for the isolation and purification of
topoisomerase I “*'Y but most of them are
complicated and timc—consuming. In the
present study, we utilized the procedures re-
ported by Sullivan e ai{m, with some modifi-
cations. The major amendment was that at
the last step of centrifugation higher speed was
used 10 remove nucleic acid which may inter-
fere with the cleavage reaction. The proce-
dures for extraction of topoisomerase II re-
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ported here have an advantage of easiness and
time—saving. All extractions can be finished
in a few hours. The characters of
topoisomerase I we detected, such as unknot-
ting activity, cleavage reaction, effects of ATP
apd WaC! on cleavage reaction and ihe
reversibility of the cleavage reaction by
topoisomerase I, are consistent with the pre-
vious reports®™!*_ The findings that cleav-
age reaction catalyzed by topoisomerase I can
be inhibited by ATP 1 mmo! - L™ indicate
that interference of topoisomerase [ which
may occur in the extracts can be removed by
adding ATP 1 mmol » L™' 10 the reaction sys-
tem.

Some workers' reported the effects of
DNA intercalating agents on topoisomerase
I induced DNA SSB and breakage—reunion.
In our experiments, stimulations of Dox, Dau,
Eio and Acl-B and inhibitions of BC-1,
BC—4, BC-9 and BC—M on DNA cleavage
reaction by fopoisomerase I were observed.
SSB induced by Eto and Dox was alse ob-
tained by means of alkaline elution
technique. Nevertheless the stimulations of
cleavage reaction resulted from Mei, Ace, Ran
and Ara—c¢ and DNA S5B induced by Ran and
Meci in the presence of DNA topoisomerase []
have not been found. There is a good correla-
tion between the stimulation of DNA cleavage
by topoisomerase Il and formation of DNA
S5B in the presence of some aatitumor agents.

A  number of concepts regarding
topoisomerases as drug targets are becoming
better defined. Lock er af*” suggested that
for inhibirors of both ropoisomerases, a major
effort must be made to elucidate the
physicochemical nature of the drug—enzyme
DNA interaction. Synthetic and natural
product screening efforts will hopefully gener-
atec new inhibitors for both enzymes which,
upon systematic apalysis, may lead 10 a uni-
fying model to account for drmg effects at the -
molecular level. Based on this idea, we estab-

15)
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lished a method for screening anticancer drugs
by using topoisomerase ]I as a target. Some
natural products have been screened by using
the method we reported here and interesting
results have been obtained. However, as with
the development of other drugs there are limi-
tations for wusing this method to screen
antitumor drugs. In fact this method is only
suitable to the agents which may interfere with
topoisomerase II .
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