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Characteristics of the interaction of lycobetaine with DNA

LIU Jie, YANG Sheng-Li, XU Bin
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ABSTRACT The characteristics of the inter-
action of lycobetaine (LBT) with DNA were ¢xa-
mined by fluorescence spectrometer, disc electro-
phoresis and restriction enzyme analysis. The
apparent binding constant of LBT with calf
thymus DNA has been determined as 1,67 x 108
L/mol by ethidium bromide displacement method.
Based on electrophoresis titration, the mode of
DNA binding was found to be through interca-
lation. Fluorescence quenching assay showed that
the intrinsic association constant and the binding
site size of LBT to calf thymus DNA were (.26
x 10 L/mol and 2,6 base pairs, respectively.
Selective inhibition of LBT on action of some
restriction enzymes showed that LBT intercalate
preferentially into GC base pairs.  Neither
DNA strand break nor interstrand cross-link was
produced by LBT. LBT did not bind to DNA
covalently and did not cause DNA alkylation.
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Lycobetaine (LBT) is a new anticancer
agent derived from lycorine, a main alkaloid
from Lycoris radiata Herb. Tt can inhibit
the growth of many experimental tumors
including P 388, leukemia L1210, Lewis
lung carcinoma, ascites hepatoma and Ehr-
lich ascites carcinoma’. It has been repert-
ed that LBT altered the circular dichroism
of calf thymus DNA in solution®, inhi-
bited DNA and RNA syntheses‘®, and
blocked the expression of actively transcrip-
tional genes™’. Extensive evidence showed
that nucleic acids were probably the prin-
cipal cell target site. It prompted the pre-
sent study of interaction of LBT with DNA.
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MATERIALS AND METHODS

LBT, homoharringtonine (HHRT) and
hydroxycamptothecin (HCPT) were kindly
provided by the Department of Phyto-
chemistry, Shanghai Institute of Materia
Medica. Doxorubicin (DOX) was purchased
from Adria Laboratories Inc. Ethidium
bromide was from Sigma Chemical Com-
pany; restriction enzymes from Boeringer
Biochemical Company.

DNA samples Calf thymus DNA was
obtained from Sigma Chemical Company.
Plasmid pMYC and pPA4 DNAs were fre-
shly prepared as described in reference®.

Estimation of drug-binding apparent
constants. Drug~-DNA binding constants
were estimated as described previously ),
To 2 ml of Tris—EDTA buffer, pH 8.1,
containing ethidium bromide 1.3 wmol/L,
calf thymus DNA was added to reach a
final concentration of 1.35 umol/L. The
fluorescence was measured after equilibrium
for several minutes, using a Hitachi 650~
10S spectrofluorometer equipped with a 150—
W Xenon lamp, at an excitation wavelength
of 525 nm and an emission wavelength
of 600 nm. Aliquots of concentrated drug
solutions were added and the fluorescence
was measured,

Electrophoresgis titration  Electropho-
resis titration of conformation changes of
plasmid pMYC DNA which occurred upon
interaction with LBT was performed by dye
titration method, which was originally used
to measure DNA superhelical density¢",
The 1.0% agarose gels (16 by 0.5 cm)
were formed in 18-cm glass tubes, using
TAE buffer containing Tris—~acetic acid 50
mmol/L, pH 8.0, Na,EDTA 2 mmol/L
and sodium acetate 20 mmol/L. The gel in
each tube contained a concentration of LBT
0, 0.4, 0.8, 1.0, 1.5, 2.0, 2.5, 3.0,
3.5 or 4.0 pmol/L, The tubes containing
the gels were immediately placed in conven-
tional disc tube electrophoresis apparatus

which was filled with the buffer described
above. DNA solution 10 pl (0.5-1 pg)
containing the same concentration of LBT
were layered on top of the gel. Electropho-
resis was then performed at 20 V and 26°C
for 6-8 h until bromphenol blue indicator
migrated to the end of the gel. The gels
were then extruded and stained for 20 min
in TAE buffer containing ethidium bromide
0.5 ug/ml. Photographs of the gels were
taken under long-wavelength uv light with
a red filter.

Fluorescence quenching assay Fluore-
scence of LBT was measured at an eXcita-
tion wavelength of 365 nm using the above
spectrofluorometer in the presence of varying
concentrations of calf thymus DNA. LBT
was dissolved in HEPS buffer 25 mmol/L
and EDTA |.0 mmol/L at (.1 or 1.0
umol/L. The intrinsic association constant
and the binding site size of LBT to calf
thymus DNA were calculated®.

Digesticn of modified DNA with
restriction enzymes Normal or modificd
plasmid pMYC (or pPA4) DNA 1 ul (50
ng) and 1 unit of restriction enzyme Wwete
added to a suitable reaction buffer as describ-
ed in Boeringer Catalog 1987/1988. Final
volume of the reaction mixtures was 20 ul.
The mixtures were incubated at 37°C until
most DNA in control group was digested.
The products of digestion were separated by
19 agarose gel electrophoresis, and the
action of restriction enzyme on DNA treat-
ed with LBT was then observed under uv
lamp after stained with ethidium bromide
(1 ug/ml) solution.

Fiuorescence assay for defecting DNA
strand breakage, interstrand cross—linking
and aikylation Reactions were performed at
22-26°C in a total volume of 200 ul buff-
ered with sodium phosphate 50 nmol/L at
pH 7.0 for 4-6 h in dark or under irradia-
tion of uv light. For strand breakage, the
reaction solutions contained plasmid pMYC-
CCC DNA 0.1 mg/ml (80% CCC) and




LBT 5-50 pmol/L or HCPT 5 pmol/L. For
crosslinking and alkylation, the reaction
solutions contained the same concentration
of plasmid pMYC-linear DNA (100% linear)
and the other above components. Aliquots
of 50 ul were taken and analyzed for the
extent of strand breakage or interstrand
crosslinking by addition to the standard pH
11.8 assay solution 3 ml, which contained
sodium phosphate 20 mmoi/L, pH 11.8,
EDTA (0.2 mmol/L and ethidium bromide
0.5 pg/ul. The same volume of reaction
solution was taken and analyzed for the
extent of alkylation by addition to standard
pH 8.1 assay solution 3 ml. The measure-
ments of ethidium bromide fluorescences
were performed as described above or after
heat denaturation at 96°C followed by rapid
cooling to 23°C. )

RESULTS

Drug-DNA apparent binding constants
The apparent binding constants of the drugs
to DNA were estimated and compared by
measuring the reduction in fluorescence of
an ethidium bromide-DNA complex as an
result of competitive displacement. The drug
concentration that produced 50¢% inhibition
of fluorescence was assumed to be inversely
proportional to the appatent binding con-
stant®. From Fig 1 the drug concentrations
producing 509 inhibition were found to be
6.0, 0.6, 2100 and > 6600 pmol/L for
LBT, DOX, HCPT and HHRT, respectively.
Controls were performed to show that the
drugs did not interfere with the fluorescence
measurements at the levels employed. Taking
the apparent binding constant of ethidium
bromide to be 107 L/mol, then the apparent
binding constants were calculated as 1.7
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Fig 7. Imhibition of ethidium bromide binding to

calf thymus DNA by addition of anticancer drugs.

Homoharringtonine

!

Electrophoresis titration  Native plas-
mid pMYC DNA is negatively supercoiled.
The interaction of LBT with pMYC DNA
has been shown to induce marked confor-
mational changes. The negative supercoils
were removed progressively and the positive
supercoils were then introduced into the
molecule with increasing LBT. LBT at 0.8
pmol/L removed all superhelical turns in
closed circular DNA. In this case the mobi-
lity of CCC DNA are practically equal to
that of the same circular DNA containing
one or more nicks (Fig 2). Based on this
experiment, the mode of LBT binding to

Linear form

Oc form

CCC form

Fig 2. Electrophoresis titration of pMYC DNA
conformational changes which occur upon inter-
action with lycobetaine. Electrophoresis was per-
formed in gels containingincreasing concentrations
of lycobetaine, from left to right: 0, 0.4, 0.8,

1.0, 1.5, 2.0, 2.5, 3.0, 3.5, 4.0 umol/L. Oc:
open circle; CCC: condensed covalently circle.

x10% 1.7x107, 4.7x10%and 0 L/mol for
LBT, DOX, HCPT and HHRT, respectively.
It indicates that LBT has a binding ability
to DNA which is markedly greater than
that of HCPT and HHRT, but less than
that of DOX,
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DNA was determined to be through inter-

calation. 0”]

Fluorescence quenching assay LBT has 030/ o
fluorescent property, and the fluorescence \&o
is quenched when it binds to DNA. Fig 3 015 ~o
showed the fluorescence spectrum of LBT, N \
and the fluorescence quenching by DNA. mo'"} ° ~
No peak shift was seen during the 0.051 O‘g o
interaction of LBT with DNA. Fig 4 K
showed the Scatchard analysis for the 0 o1 oY) ) 04
binding of LBT to calf thymus DNA, the B (% 10-9)

experimental points generated from fluores- Fig 4. Scatchard plots of the binding data for
cence quenching assay, the line representing the interaction of lycobetaine with calf thymus
the best fit to the data determined by lecast DNA. B-=binding ratio (drug bound/base pair),
squares analysis. The intringic association F = free lycobetaine in molar concentration.
constant and binding site size were calcula-
ted by the equation of McGhee and Hippel®
to be 2.6x10° L/mol and 2.6 base
pairs. respectively.

they showed different degrees of resistance
to some enzymes (Tab 1). Through the
analysis of enzyme recognition sites, it can
be seen that LBT inhibited selectively the
. action of the enzymes of which recognition
3(7 0 sequences more than 2 GC base pairs exist-
ed. It is suggested that LBT may interca-
late mainly into GC base pairs.

Tab 1. Action of restriction enzyme on plas-
mid (pMYC or pPA4) DNA treated with different
concentrations of lycobetaine. + + +. completely
digested; + +, -+, partly digested; — . completely
undigested,

Action of enzyme on DNA
Enzyme Cut site treated with lycobetaine at
0.5 1.0 2.0 pmol/L

10

Fluorescence (arbitrary unite)

" Bgl II  AGATCT +++ 4+ ++ + + +
pmol/L Cla1 ATGCTA +++ +++  ++
EcoR I GAATTC +++ 4+t + + 4+ +
0 - EcoRV GATATC ++ + + + + + 4+
480 505 530 555 580 Hae I PuGCGCPy + + + -
Wavelength {nm) Hind 1II AAGCTT  + ++ + + + + 4
Hpa I GTTAAC +++ +++ + o+ o+
Fig 3. Fluorescence spectrum of lyccbetaine (0.1 Hpa Il CCGG 4 N _
pmol /L) and its chenges which occur upon inter- Pvu II CAGCTG f 4+ 44 +
action with calf thymus DNA (1-10 pmol/L). Smal CCCGGG + + + B
Restriction enzymic studies Plasmid DNA damages In pH 11.8 assay
pMYC and pPA4 can be cut by several system only CCC or interstrand cross-
restriction enzymes, and are easily separated linked DNA will spontaneously renature
by agarose gel electrophoresis. When treated after heat denaturation’”. LBT at 5-50

with LBT at 0.5, 1.0 or 2,0 umol/L, pmol/L did not cause decrease in the fluo-



rescence of CCC-DNA or increase in that
of linear DNA. HCPT, as a positive
control, caused a marked decrease in vthe
fluorescence of CCC DNA. These results
indicated that neither strand breakage nor
interstrand cross—linking was produced by
LBT. In pH 8.1 assay system the loss of
ethidium -bromide fluorescence is "directly
proportional to the extent of alkylation¢"’.
LBT at 5-50 wmol/L did not decrease the
fluorescence, which implied that LBT did
not bind to DNA covalently or form DNA
alkylation. '

DISCUSSION

Considerable evidence accumulated from
biochemical and pharmacological studies
demonstrated that the biological activities
of many anticancer agents such as anthra-
cyclines are related to their ability to bind
to DNAU®, LBT has been shown to bind
to- DNA with a high apparent binding
constant of 1.7 x 10° L/mol. The binding
is thought to be due to intercalation of the
plapar ring structure into GC base pairs,
and the jonic interaction and H~bond might
be important for stabjlization of the binding.
The planar aromatic chromophore is recog-
nized as an essential requirment for interca-
lation. It is probably related to the cytotoxic
effect of LBT, and should be as the basis
of LBT structure reformation. The essential
features of the intercalation model for LBT
into GC base pairs will need NMR and X-
ray diffration analysis. The specificity of
LBT to GC base pairs should be determined
using synthetic poly (dAdT)-poly (dAdT)
and poly (dGdC)-poly (dGdC).

In general, intercalators appear to fall
into three distinct categories based on either
equal or preferential inhibition of DNA
and/or RNA synthesis®. The present com-
pound is similar in this respect to actino-
mycin D, which inhibits preferentially RNA
synthesis and does not damage DNA struc-
ture. Other intercalators, examplified by
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doxorubicin and anthrapyrazole, inhibit
DNA synthesis equally to or much more
potently than RNA synthesis. ‘They are
often photosensitizers and can induce the
formation of single-or double—strand breaks
or cross-links in vitro after illumination at
the wavelength of absorption maximum®?®.
The discrimination of LBT from other inter-
calators most likely derives from the dif-
ference in binding affinity which related to
drug-DNA complex and the orientation of
the bound molecule.

The interaction with DNA has been
considered to be an important characteristic
of effective anticancer drugs. It is under-
standable that the ethidium bromide displace-
ment method will be very useful for rapid
sci‘eening of the effective antitumor sub-
stances. It is rapid, convenient and only
very small quantities of samples are needed.

Sedimentation—velocity titration and
viscometric titration are the commonly used
methods to determine whether a compound
is an intercalator¢'*:!'s), Electrophoresis of
CCC DNA in agarose gels can be used for
following the DNA conformational changes.
and thus offers 2 new convenient and poten-
tial method for determining the property
of intercalator. The electrophoresis titration,
as described, is rapid, requires small amount
of DNA (as little as 0.2 pyg) and can use
unpurified extracts.

_ACKNOWLEGMENT The authors thank Prof

JIN Guo-Zhang, Prof WU Ru-Ping, Mr ZHANG
Zhen~De, Dr JIANG Chao -Ling and Miss WU
Ai-Ling for their valuable assistance.

REFERENCES

1 Zhang SY, Lu FL, Yang JL, Wang LJ, Xu
B. Effect on animal tumors and toxicity of
lycobetaine acetate. Acta Pharmacol Sin
1981 2 : 41

2 Wu H, Shen CY, Xu B. Effect of lycobetaine
on DNA circular dichroism. Chin J Pharmacol
Toxicol 1987; 1 : 272

3 Wu H, Xu B. Effect of lycobetaine on nuclear



442

RNA polymerase activity in murine hepatoma
cells. Ibid 1989; 3 : (in press)

4 Liz J, Yang SL, Xu B. Effects of lycobetaine
on chromatin structure and activity of
murine hepatoma cells.  Sci Sin [B] 1989;
32 : 1010

5 Liu J, Yang SL, Xu B. Effects of homo-
harringtonine on several oncogene mRNAs
in HL-60 cells. Acta Pharmacol Sin 1988,
9 : 565

6 Hartley JA, Reszka K, Zuo ET, Wilson WD,
Morgan AR, Lown JW. Characteristics of the
interaction of anthrapyrazole anticancer agents
with deoxyribonucleic acids: Structural re-
"quirements for DNA binding, intercalation,
and photosensitization. Mol Pharmacol 1988;
33 : 265

7 Espejo RT, Lebowitz J. A simple electro-
phoretic method for the determination of
superhelix density of closed circular DNAs
and for observation of their superhelix density
heterogeneity. Anal Biochem 19765 72 : 95

8 McGhee JD, von Hippel PH. Theoretical
aspects of DNA-protein interactions: Co-
operative and non-co-operative binding of
large ligands to a one-dimensional homo-
geneous lattice: J Mol Biol 1974; 86 : 469

9 Morgan AR, Lee JS, Pulleyblank DE, Murray
NL, Evans DH. Ethidium fluorescence assays.
Part 1, Physicochemical studies. Nucleic

ArARS DNA T EERBGS

10

11

12

13

14

15

Acids Res 1979y 7 :@ 547

Lown JW, Chen HH, Studies on the effects
of the antitumor agent camptothecin ana
derivatives on deoxyribonucleic acid: Mecha-
nism of thé scission of deoxyribonucleic acid
by photoactivated camptothecin. Biochem
Pharmacol 19805 23 : 905

Hsiung H, Lown JW, Johnson D. Effects
of alkylation by dimethyl sulfate, nitrogen
mustard, and mitomycin C on DNA structure
as stﬁdied by the ethidium binding assay.
Can J Biochem 19763 54 : 1047

Denny WA, Baguley BC, Cain BF, Waring
MJ. Antitumor acridines. In: Neidle S, War-
ing MJ, eds. Molecular aspects of anticancer
drug action, 1st ed. London: Macmillan,
1983 : 1-34

Berman HM, Young PR. The interaction of
interéalating’ drugs with nucleic acids. Annu
Rev Biophys Bioceng 1981; 10 : 87

Fry DW, Besserer JA. Biochemical pharma-
cology and DNA-drug interactions by CI-958,
a new antitumor intercalator derived from a
series of substituted 2H-[1] Benzothiopyrano
(4,3,2-cd) indazoles. Mol Pharmacol 1988

33 ¢ 84

Keller W, Wendel I. Stepwise relaxation of
supercoiled SV40 DNA. Cold Spring Harbor
Symp Quant Biol 19755 39 : 199

A, HEAL F O#H (FERFEREEBYHER, Lk 200031, hED

ME FEENE. HARKFIRDEAVEE B L4, LBT RS DNA #4144, % 3 £DNAg
3T Bl (LBT) 5 DNA X EAER . &30, LBT  %fr. ZBSENH.

R—# DNA AR, TFEAGCCHENZME. BS

DNA IR ME S HEBRRELE & & B 5 B 1.67 *EiIB AFEARES DNAy 288, HAHEMK, Bt
x 106 1 0,26 x 10° L/mol, EZ&fIA kN 2.6bp SR R




