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Identification of type IB topoisomerase
from HL - 60 human leukemia cells
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Department of Biochemistry, Kosin University College of Medicine, Busan, Korea

Abstract

Background DNA topoisomerases fall into two categories - type I and type II. For the type I enzymes. the DNA
strands are transiently broken one at a time; for the type II enzymes, by contrast, a pair of strands in a DNA double
helix are transiently broken in concert by a dimeric enzyme molecule. The two types can be further divided into four
subfamilies: IA, IB, IIA and [IB. DNA topoisomerases solve the topological problems associated with DNA replication,
transcription, recombination, and chromatin remodeling by introducing temporary single- or double-strand breaks in the
DNA. Camptothecin is an antitumor alkaloid that has been isolated from the Chinese tree, Camptotheca acuminata..
We have developed a procedure for the simultaneous purification of type I and II topoisomerase from HL-60 human
leukemia cells, and identified type IB topoisomerase. Methods DNA topoisomerase was purified from HL-60 human
leukemia cells by a simple and fast four-step procedure : selective ammonium sulfate precipitation, chromatography
on Ultrogel A6 and DNA- cellulose, followed by ultracentrifugation on a glycerol gradient. Enzyme activity, and
molecular weight were assayed by measuring the relaxation of supercoiled pUCI9 DNA using agarose gel
electrophoresis and sodium dodesyl sulfate denaturing gel electrophoresis, respectively. Results Type I and II
topoisomerases were isolated from extracted nucleoprotein complexes by glycerol gradient centrifugation, respectively.
Human tvpe IB topoisomerase was purified 8.6-fold as compared to the whole cell homogenate, with 12% yield. The
purified type I topoisomerase has a molecular weight of 100 kDa as determined by SDS polyacrylamide gel
electrophoresis. The enzyme relaxes supercoiled DNA in the absence of ATP or Mg2+. Camptothecin inhibited the
relaxation activity of type I topoisomerase in pUC19 DNA by forming a cleavable complex at various concentrations
(0.4-50 u#M). Conclusion The results showed that a type IB topoisomerase has been purified to near homogeneity
from HL-60 human leukemia cells, and partial purification of type IIA from small samples was achieved by isolation
of cell nuclei. Thus, the potential antitumor activity of a type I and II topoisomerase-targeted drug might be easily
screened by testing the drug's ability to cause DNA cleavage in the presence of enzymes.
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Camptothecin&  AldrichAboliA],  Triton  X-100,
phenylmethanesulfonylfluoride(PMSF),  ATP, DNA
cellulose, acrylamide, coomassie blue, bromophenol blue,
EDTA, EGTA, Tris-HCl, sodium dodecyl sulfate, Ficoll
400, phenol, dithiothreitol# proteinase K& Sigma3]ALE.
HE, Ultrogel A6, bovine serum albumin(BSA)S
Pharmacia LKBAFI|A, T8 A size marker= Bio-RadA}
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Fig. 1. Elution profile of topoisomerase on Ultrogel A6 gel
filtration
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Fig. 2. DNA cellulose column chromatography of

topoisomerase eluated from Ultrogel A6 gel filtration

Fig. 3. Separation of topoisomerase by glycerol gradient
centrifugation

The material purified by DNA  cellulose column  was
centrifuged with 15-40 % glycernl gradient in nucleous buffer
containing 0.35 M NaCl at 100,000 xg for 68 hr at 4 oC
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Fig.-4: Effects of ‘ATP and Mg2+ -on the relaxation activity
of type 1 topoisomerase fraction by glycerol gradient
centrifugation

lane 1, pUCI9 DNA only; lane 2, lane 1 + reaction
buffer(without ATP and without MgCl2) + type I fraction;
lane 3, lane + reaction buffer(with ATP and without MgCl2)
+ type I fraction; lane 4, lane 1 + reaction buffer (with
MgCl12 and without ATP) + type I fraction; lane 3, lane 1 +
reaction buffer (with ATP and with MgClI2) + type I fraction
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Fig. 5. Effects of ATP and Mg2+ on the relaxation activity
of type II topoisomerase fraction by glycerol gradient
centrifugation

lane 1, pUC19 DNA only; lane 2, lane 1 + reaction buffer
‘(without ATP and without MgCl2) + type II fraction; lane 3,

st #1998 13, 2004

lane + reaction buffer(with ATP and without MeCI2) + type
Il fraction; lane 4, lane 1 + reaction buffer(with MgCl2 and
without ATP) + type II fraction; lane 5, lane 1 + reaction
buffer (with ATP and with MgC12) + type II fraction
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Table 1. Purification-of type I: topoisomerase from HL-60

cells
B “Total Total Specific g
Purification step activity protein activity @)
(units) (mg) (unitsimg) %
Nuclear extract 89,946 &9 1011 100
Ammonium
. 5 32 133 7
sifae(40 -g0) OO 30
Ultrogel A6 48 870 28 17435 34
DNA cellulose 23,386 6.9 3418 26
Glycerol gradient 10,394 1.2 8662 12
1 2
kDa
116.3— « §
97.4—
66.2—> = 4
50> =@

Fig. 6. SDS-PAGE analysis of type I topoisomerase from
HL-60 cells
Lane 1, molecular size markers; lane 2, type 1 fraction
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Fig. 7. Effect of camptothecin on the relaxation activity of
type I topoisomerase

The relaxation activity was analyzed by the agarose gel assay
described in "Materials and Methods”. The gel mobilities for the
different DNA forms are indicated for each gel, where form
S is supercoiled, form R is relaxed circular, form L is linear
DNA. Each lane was used 500 ng of pUC19 DNA. Lane 1;
pUC19 DNA only, lane 2; lane 1 + type I topoisomerase (80
ng), lane 34,56 ; lane 2 + 04, 2, 10, 30 uM CPT,
respectively, lane 7; pUC 19/Hind [I fragment
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