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Sciences, Dalian 116023, China, and Department of Chemistry and Chemical Technology,
Dalian University, Dalian 116622, China

Receied March 31, 2006

A method by combination of centrifugal ultrafiltration (CUF) sampling with liquid chromatograjphgss
spectrometry (LE-MS) analysis was established to evaluate the DNA structure and sequence selectivity of
the multiple compounds in a small molecule library. The developed method was applied to analyze the
extracts of natural produc@optis chinensigranch andRheum palmaturfL.). From the obtained biological
fingerprinting chromatograms, 7 compound€inchinensig-ranch and 11 iR. palmatun{L.) were screened

out as DNA binding agents. Most of these compounds were identified by standards a3 &nalysis

after the sample pretreatment with the DNA immobilized cartridge. DNA structural binding preference of
the multiple active compounds in these two extracts was then evaluated simultaneously without purification.

Introduction methods targeting the interaction of the complex system are
accordingly required.

Biological fingerprinting analysis, which is defined as the
comparison of the fingerprinting patterns of a small com-
pound library, such as extracts of traditional Chinese

DNA is the molecular target of many antimicrobial,
antiviral, and antitumor active drugsknowing about the
structural preferences may facilitate understanding of the

binding mechanisms of the small molecules to DNA. On el ) ) X ) )
medicines, before and after interaction with biological

the other hand, some DNA with specific sequences or i X
structures may represent attractive targets for small-moleculeSyStems (DNA, protein, cell, etc.), was proposed previdusly

therapeutics. As but one possible example, tetraplex DNA for screening and analysis of the multiple bioactive com-
appears to be an integral part of telomeres and is a substratg®0unds in a library. On the basis of the method of
for telomerases involved in chromsome replication. Com- Microdialysis/HPLC, it has been proven to be effective for
pounds that stabilize tetraplex DNA within telomeres might Studying the complex interaction of a single target of calf
effectively block telomerase activity by locking the nucleic thymus DNA with the multiple alkaloids in the extract of

acid substrate into an unfavorable conformation for its SOMe natural products. With biological fingerprinting chro-

replication. Such small molecules may be potentially valuable Matogram analysis, biological interaction of the multiple
as therapeutic antitumor ageats. components in the extract of natural products with DNA can

The availability of a number of techniques, such as NMR, be smultangously disceméde However, _the microdialysis
sampling fails to apply to samples with a low amount.

UV —visible, fluorescence, and surface plasma resonanceC trifuaal ultrafiltration (CUE) i ther filtrat lecti
have facilitated the studies of dru@NA interactions. To entrifugal uftratitration ( . )is another fiitrate selection
method for a wide range of biomedical and clinical applica-

evaluate the DNA structural preference of small molecules, .~ "=, .

Ren and Chairésntroduced the competition dialysis method, tions: ) I_3e_cause only minute volumes are nee_ded_for
which has been adopted widely in drtBNA interaction analyS'S.’ '.t IS expec_ted to be employed in the biological
investigations;” however, all of these techniques mainly ﬂngerpr_mtmg a”a'YS'S- _ ] o
focus on studying the simple binding system in which one N this work, biological fingerprinting chromatogram
compound binds to one biomacromolecular receptor. With @nalysis was developed by utilizing the CUFA®IS

the development in combinatorial chemistry and the prepara-method. On the basis of this method, the evaluation of the
tion of natural products, recognition studies based on DNA structural preference of multiple compounds in the
screening of libraries turn into reality for the identification €Xtracts of natural products, as an example of a small
of interacting counterparts against known or unknown ¢Ompound library, was performed.

libraries, and the objectives of studying small-moleeule

biomacromolecule interactions have been changing from Experimental Section

simple objects to complex interaction systém3hus, Reagents and ChemicalsCalf thymus DNA (ct-DNA)
(type 1, highly polymerized) purchased from Sigma (St.
84;;;6X‘éhO'gx_cigg_sfloln_‘;ig‘;% GSZhOOUI'E‘fn?zl_aﬂgﬁ;gﬂ@ ZT?Q?&&L Louis, MO) was deproteinized and dissolved in BPES buffer
T Nation-al Cﬁromatographic R. & A. Cen-tre. o (6 mM NgHPQ,, 2 mM Nal—bF_’O‘h _1 mM EDTA' 185 mM )
* Department of Chemistry and Chemical Technology. NacCl) at pH 7.0. The synthetic oligo deoxyribonucleic acid

10.1021/cc060039I CCC: $33.50 © 2006 American Chemical Society
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(DNA) was purchased from Takara Biotechnology (Dalian, simultaneously at 12 000 rpm for 10 min. The filtrate was
China) and dissolved in BPES buffer. Single-stranded purine stored at 42C until further HPLC analysis. The mixture of
dA;; and pyrimidine dT, were used as received. Duplexes the extract of natural products and BPES buffer was regarded
DNA [5'-(dAdT)s] and [3-(dGdC}], triplex DNA [5'- as the blank, which represents the extract of natural product
(dAdT,)¢], and tetraplex DNA [5(T.G20T2)4] were prepared  solution before interaction with DNA.
as described by Ren and ChaifgSoncentrations of all the HPLC and LC —MS Analysis. The HPLC system con-
DNA samples were determined by UV absorbance measure-sisted of two LC-10ATvp pumps (Shimadzu, Kyoto, Japan),
ment§ and expressed in terms of the monomeric unit that a Rheodyne-type injector valve with a 10-loop, a Waters
comprises the polymer, that is, nucleotides, base pairs,996 photodiode array detector (Waters; Milford, MA), and
triplets, and tetrads. EDC (1-ethyl-3- (3-dimethylaminopro- a Millennium 32 workstation (Waters; Milford, MA). The
pyl)-carbodiimide) was purchased from Acros Organics (NJ). 250 x 4.6-mm-i.d. column packed with & Hypersil-BDS
The standards were purchased from the National Institutewas from Elite Analytical Instruments Co. (Dalian, China)
for the Control of Pharmaceutical and Biological Products. for the analysis ofC. chinensisFranch. The mobile phase
The HPLC grade CECN was from Merck (Merck; Darm-  was acetonitrile/20 mM Britton-Robinson buffer (1360
stadt, Germany), distilled water was further purified by of HsPQ,, 1150uL of HAc, 1.236 g of HBOs in 1000 mL
Milli-Q system (Millipore; Milford, MA), and other chemi-  water, pH 3.0) containing 5 mM sodium heptyl sulfate. For
cals were of analytical grade. R. palmatum(L.) analysis, the 150< 4.6-mm-i.d. column
Preparation of the Extracts of Natural Products. The with 5-um Hypersil-ODS packed in house was used. The
natural productsCoptis chinensig-ranch andRheum pal- mobile phase was Gi€N/water with pH 3.0 adjusted with
matum (L.) were purchased from a local store (Dalian, formic acid. Online LC-MS detection and analysis was
China). A 15-g portion of those natural products was crushed performed on an APCI-MS detector (Shimadzu, Kyoto,
into powder in a grinder and immersed in 150 mL of 95% Japan) in negative ion detection mode. The APCI probe
ethanol overnight, then heated under reflux for 1.5 h. The voltage was set at 1800 V; the nebulizing gas flow was 2.5
extraction was repeated twice. After being combined, the L/min; and the APCI, CDL, and block temperatures were
extract was allowed to filter through a 0.4B1 membrane.  set at 400, 250, and 20, respectively. The mass range
The residues obtained upon evaporation of the solvents wagm/z) was from 100 to 800, and the scan rate was set at 2

dissolved in 25 mL of BPES buffer and stored for further
experiments.

Microdialysis Sampling. The microdialysis system con-

s/scan.

SPE with the ct-DNA Column. The ct-DNA immobilized
silica SPE cartridge was prepared in-house as the following

sists of a Cole-Parmer 74900 microdialysis pump (Cole- procedure. A 2.5 mg portion of ct-DNA in 2.0 mL of
Parmer; Chicago, IL) and a homemade microdialysis probe 1-methylimidazole solution (10 mM) was sonicated for 30

with a cellulose membrane (Spectrum; LA) at a length of
10 mm and a molecular weight cutoff of 18 000 Da. The
perfusion rate was kL/min. The microsyringe was filled
with the perfusion solution before sampling. A 20D-
portion of extract of the natural products and 1Qa0 of
ct-DNA solution (final concentration of base pairs was 100
uM) were mixed and incubated at 37.0 over a water bath

min in an ice bath, and then 0.18 g of aminopropy! silica
was added in the DNA solution. After being mixed homo-
geneously, 0.27 mL of freshly made EDC solution (200 mM)
in 10 mM 1-methylimidazole was added, then the mixture
was allowed to react at 5T for 5 h for immobilization of

the ct-DNA onto the silica. After being washed by water
thoroughly, the ct-DNA-immobilized silica was packed into

for 10 min. The microdialysis procedure was preceded as the cartridge. Before use, the cartridge was conditioned by

described previousl$.

CUF Sampling and DNA Structural Preference Ex-
periment. The CUF was performed on a Hermle Z300
centrifuge (Hermle; Gosheim, Germany). A 20-portion
of extract of natural products and 100 of ct-DNA solution
were mixed in a Microcon centrifugal filter from Millipore
(Bedford, MA) with molecular weight cutoff of 200 000 Da
and incubated at 37.2C over a water bath for 10 min. A
blank sample was prepared with the addition of 1400f
BPES buffer instead of ct-DNA, then they were centrifuged
at 8000 rpm for 1 min, and the filtrates were analyzed by
HPLC.

The experiments of DNA structural preference were
carried out using the following procedure. A 20Q-portion
of extract of natural products in BPES buffer and 1Q00of
1 mM oligo DNA solution with various structures was mixed
in the centrifugal filters with the molecular weight cutoff of

0.9 mL of 20 mM Tris-HCI buffer (pH 7.4) containing 20
mM NaCl, then 10QuL of extract ofR. palmatum(L.) was
added. After being washed by another 0.9 mL of FHkCl
buffer, the cartridge was eluted by 0.3 mL of €EFN/20
mM Tris—HCI (pH 7.4, containing 20 mM NaCl and 5 mM
MgCl,) (20/80), and the eluted solution was collected. Before
LC—MS analysis, it was desalted by SPE using an ODS
cartridge.

Results and Discussion

Biological Fingerprinting Analysis of Natural Products
by CUF Sampling Combined with HPLC. C. chinensis
Franch has been commonly used with the effects of clearing
heat, drying up dampness, purging toxicosis, and detoxici-
fication in a clinic in China. It has been proven previodsly
that seven compounds, including jatrorrhizine, palmatine, and
berberine, in the extract &. chinensig-ranch are active in

3000 Da. The final pH was adjusted to 7.0 by concentrated binding to ct-DNA.R. palmatumnL.) is another commonly

NaOH solution, and the volume was 180. The mixtures
were incubated at 37.0C for 10 min then centrifuged

used natural product for the treatment of hemorrhaging of
the digestive system, acute hepatitis, gallstones, inflammation
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c? Table 1. Binding Degrees of the Active Components to
ct-DNA Obtained by Microdialysis or Centrifugal
Ultrafiltration Sampling Combined with HPLC

Extract ofC. chinensig-ranch

0.015

@

0.010

c3

o4 6 peak solute microdialysis CUF
0.005 el tes Binding Degree
Before interaction 2 1 (%, £SD,n=3)
' cl not identified 36.5041.10) 35.28 £0.98)
0000 c2 not identified 43.5140.93) 41.1140.95)
A c3+  jatrorrhizine+ 64.65 (-1.85) 49.87 £1.32)
N R R I SN | VN L SUE S c4 not identified
0,005 T " T - - - c5 not identified 58.67+40.88) 48.8040.95)
t (min) c6 palmatine 47.5941.21) 41.93£0.75)
c7 berberine 51.8240.99) 46.72 ¢£1.03)
0.010 -
(b) Extract ofR. palmatuniL.)
0,008 - pl not identified 21.3£0.13) 16.2 £0.28)
' p2 not identified 3.7440.15) 3.00 £0.56)
p3 not identified 35.440.43) 30.3 £0.53)
0.006 pl p4 chrysophanol &-- 36.9 &0.69) 30.3 {0.68)
D-glucopyranoside
pll p5 not identified 43.04£0.72) 39.9 £0.75)
0.004 — 7 o8 b9 plo p6 not identified 41.34£0.53) 32.140.62)
PP P8 PY T Before interaction p7  physcion 89-3-D- 12.5 (¢-0.49) 9.58 £0.53)
glucopyranoside
0.002 - p8 not identified 13.210.43) 9.00 £0.61)
| I , ; Afier interaction p9 aloe-emodin 26.240.92) 24.5 {0.76)
LT (il ) pl0  rhein 4.5840.11) 4.55 £0.34)
0.000 - [ SV e I e M pll  emodin 31.9£1.02) 26.2 {0.99)
o 0 ' 20 j 20 " 0 T 0 a Primarily identified compound.
t(min)

. o o binding on DNA decreased after the interaction, the interac-
Figure 1. Biological fingerprinting chromatograms for the extract  jgn properties of compounds in the extract of natural product

of (a) C. chinensig~ranch and (bR. palmatum(L.) by combing . .
CUF sampling with HPLC. Chromatograms are for ultrafitrates from with DNA can be deduced from a comparison of the two

the extract ofC. chinensigFranch orR. palmatun(L.) themselves ~ Obtained chromatograms, that is, a biological fingerprinting
and the mixed solution of their extract with ct-DNA, respectively. chromatogram. The biological fingerprinting chromatograms

Chrf(m:jato%r]agbtﬂc |_<|30ndltl_cl>fl135|138(a) qullump]f ng‘ég}?om"-&- of C. chinensigranch andR. palmatun{L.) before and after
packed wi m Hypersil- ; mobile phase, m ; : ; PR
Britton-Robinson buffer (135@L of H3PO,, 1150 uL of HAc, interaction with ct-DNA are shown in Figure 1.
1.236 g of HBOs in 1000 mL of water, pH 3.0) containing 5 mM As defined previously,!® the binding degree of any
sodium heptenylsulfonate; ambient temperature; flow rate, 1 mL/ component to DNA can be calculated as

min; linear gradient elution,-040 min for 20-45% CHCN. Peak

identification: (c3) jatrorrhizine, (c6) palmatine, and (c7) berberine. A,
(b) Column, 150x 4.6-mm-i.d. packed with zm Hypersil-ODS; binding degree=
mobile phase, CkCN/water (pH 3.0, adjusted by formic acid);

linear gradient elutions from 17.6 to 48% @EN in 40 min and

from 48 to 80% CHCN in another 10 min; ambient temperature;
flow rate, 1 mL/min; detection wavelength, 430 nm. Peak identi- whereA, andA, are the peak areas of a compound after and

fication: (p4) chrysophanol &-f-p-glucopyranoside (primarily before the interaction with DNA in the biological fingerprint-
identified), (p7) physcion &-j-p-glucopyranoside (primarily ~ ing chromatograms, respectively.

identified), (p9) aloe-emodin, (p10) rhein, and (p11) emodin. Obtained from the peak areas integrated using the UV
wavelength of 345 and 430 nm, respectively, the binding
degrees of the compounds @ chinensisFranch andR.
palmatum(L.) by biological fingerprinting chromatogram
analysis with CUF sampling are shown in Table 1. It can be
seen that seven peaks,-ed7, in C. chinensisFranch and
seven peaks, p1, p3, p4, p5, p6, p9 and p1R.ipalmatum
e(L.) bind on DNA obviously. In addition, there are four

Ao x 100%

of the sweat glands, and for exterminationHélicobacter
pylori.’® It has been reported to contain anthraguinone
derivatives, such as physcion, chrysophanol, aloe-emodin,
emodin, rheirt#~2% and anthraquinone glycosid&¥s?° Be-
cause emodin and aloe-emodin have been proven to hav
cytotoxic and DNA damage-inducing activiti€gand some
other natural and synthesized anthraquinone derivatives wer
also reported as DNA binding agets2 it can be expected ~ P€aks. p2, p7, p8, and p10h palmatuniL.), that are found
that other compounds in the extract®fpalmatun{L.) may  (© have weak binding.
bind to DNA due to the structural similarity of the compo- ~ Peak Identification of the Active Compounds to ct-
nents. DNA. The components in the extract of natural products are
The ultrafiltrate from the extract of the natural product extremely complex. As seen in Figure 2a, there are so many
itself and the mixed solution of the extract with DNA were components irR. palmatum(L.) that they cannot be well-
collected by the procedure described in the Experimental separated in a limited time. The implication of the inactive
Section and were analyzed by HPLC under identical condi- peaks can be avoided by choosing a suitable detection
tions. Because the free concentration of the compoundswavelength; however, under the MS detection mode, the
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0.15 ' (a)
010 p6
R ' —— 280 nm
z — 430 nm
) p3 p4pbh _
0.05 1P~ p7
P | T
b s
P8 9 PIO l
0.00 :
5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00 45.00 50.00

Minutes

(b)
Detected by MS

.20

: 280 nm
0.10 4
Pl.s p7 p8
| p= p3 ) \ ]
.05 C
. | , \ P 0 p 10 P
0.00 L
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Figure 2. Chromatograms of the extract 8. palmatum(L.) (a) before and (b) after the SPE extraction with the immobilized ct-DNA
cartridge. Detection wavelength, 280 and 430 nm. Other chromatographic conditions were the same as in Figure 1b. The upper chromatogram
in part b is that of an MS trace.

implication of these compounds renders the detection of thea fragment ion resulting from loss of a glucose and a
active peak rather difficult. To identify the active peaks, SPE fragment ion resulting from loss of another methyl. Accord-
extraction with the immobilized DNA cartridge in combina- ing to its mass and UV spectrum, it can be primarily
tion with LC—MS analysis was performed with the. identified as physcion &-5-p-glucopyranosidé’*° The
palmatum(L.) extract. Since the active compounds have structures of chrysophanol @-3-p-glucopyranoside and
affinity interaction with DNA, they can be retained on the physcion 80-3-b-glucopyranoside are shown in Figure 4.
immobilized DNA SPE cartridege under a weak mobile By the comparison of retention times and YVisible
phase while the inactive components are washed away. Therspectra with standards, three peaks in the chromatogram of
the active compounds can be eluted by washing the cartridgeC. chinensid-ranch were identified as jatrorrhizine, palma-
with a strong mobile phase. As shown in Figure 2b, after tine, and berberine as structures shown in Figure 4, which
the treatment, most of the inactive compounds were removed.is in agreement with our previous results addition to the
The eluted fraction was desalted by the SPE cartridge usingMS spectra, the identification of aloe-emodin, rhein, and
an ODS stationary phase before analyzing by-MS, and emodin was also confirmed using the standards. With the
the obtained mass spectra of the peaks are shown in Figureaddition of the standards in the sample in HPLC analysis,
3. Peaks p9, p10, and p11 show molecular ion peak¥zat the peak that sharply increases in height was identified as
270, 283, and 269, matching those of aloe-emodin, rhein, the same compound with the standard. The identification was
and emodin as the MS spectra of the standard compoundsalso confirmed by the comparison of UV spectra with the
shown in Figure 3. The other peaks can be primarily standards, as shown in Figure 3.
identified as anthraquinone glycosides, which are richly =~ Comparison of the Sampling by CUF with Microdi-
contained inR. palmatuniL.). Except for peaks p2 and p8 alysis. For the compounds in the extract 6f chinensis
without mass signal, the spectra of all the other six peaks Franch, the recoveries of the microdialysis and CUF are
show two prominent peaks. One was the molecular ion peak47.14-58.41% and 66.6977.47%, respectively. And for
and the other was the fragment ion by losing a molecular those inR. palmatum(L.), the recoveries are 13423.8%
weight M;) of 162, which was generated by losing a side and 50.173.6%. For the compounds in these two kinds of
chain of glucose during the ionization process. By the natural products, the recoveries of CUF are much higher than
comparison of the UV and mass spectrum with the results those of microdialysis. In addition, the CUF is timesaving
previously reported!2°peak p4 can be primarily identified because centrifugation of the samples can proceed simulta-
as chrysophanol &-3-b-glucopyranoside. Peaks pl, p3, p5, neously in the batch.
and p6 have the same molecular ion signah&431. Their As shown in Table 1, the binding degrees of most active
MS and UV spectra characteristics, which are similar to p4, compounds obtained from the sampling by CUF are slightly
suggest that they are also the glucopyranoside of an-lower than those obtained by microdialysis under identical
thraquinone. Peak p7 has a molecular ion peak/at446, interaction conditions. It is probably caused by the shifting
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o

R o on R~~~ tion of the interaction. Therefore, the CUF sampling may
H | . not be suitable for the accurate determination of the binding
P N Ry N\~ pare_lmeters of the drugs to Fhe b_iopolymgr_s. However, infor-
“~ OCH matlon concerning the relf':mve bmdmg ab|I|ty.of a compqund
/\ \/\ w - to various targets can still be provided, which allows it to
R H Ry S “\ be competent for the task of the DNA preference evaluation.
0 OCH;, Sequence and Structural Selectivity in Binding of
Compomnd = = = Active Compounds in Natural Proc?u'cts to DNA. Stud'ies.
‘ ’ ’ of sequence and structural selectivity of the DNA binding
Aloe-emodin CH,0H H OH components in the extract @. chinensisFranch andR.
Rhein H COOH OH palmatum(L.) were performed by CUF sampling combined
Emodin OH CH, OH with HPLC. For one kind of the oligo DNA, competitive
Chrysophanol 8-0-B - binding degrees of e_ach pompound can be discerned simul-
D-glucopyranoside CH, H O-CH, 0, taneously from the biological flngerpnntlng chromatograms..
Results obtained for the active compounds are shown in
Physcion §-0-p - CH, OCH,  O-CH,0, Figure 5 as bar graphs in which the binding degrees of the

glucopyranoside

compounds are given for each DNA structure included in

Compound R, R, the assay. It can be seen in Figure 5 that all of the active
Jatrorrhizine OH OCH, compounds inC. chinensisFranch show similar binding

_ preferences. They have the binding degrees in the order of
Palmatine OCH OCH

3

: tetraplex> triplex > duplex> single strand. For the duplex,
Berberine OCH,0 they prefer the GC sequence. Their binding on single strand
_ —— ) is very little. The similar structural and sequence selectivity
Figure 4. Molecular structures of the identified compoundsRin suggests that the same mode is used for them to bind to
paimatum(L.) andC. chinensisFranch. DNA. For the active compounds with strong interaction to

of the interaction equilibrium during CUF sampling. In the Ct-DNAin R. palmatuniL.), p1 prefers triplex and tetraplex
interaction solution, there exists an equilibration between the @nd has poor selectivity to single-stranded forms. For duplex

DNA and the free small molecules, described as the forms, a moderately binding degree was observed on GC
following: sequence, but much less was observed on the AT sequence,

which indicates that the GC sequences are the main binding
M; + DNA = [M DNA] sites on natural DNA where the double strands are the major

form. P2 has strong binding on single strand and tetrapex
where M and M, are the free and bound small molecules, structures. p4 and p5 show no preference for either the GC
respectively. As the CUF proceeded;ZD uL of the filtrate or the AT sequence. They also bind to both single strands.
was removed from the total 130 of solution. As a result, The selectivity of aloe-emodin (p9) and emodin (pl1) are
the amount of the free molecules in the mixture reduced and similar. They have relatively strong binding to duplex, triplex,
the equilibration shifted left, which led to a decrease of the and tetraplex DNA. There was a preference on the T
binding degree. The microdialysis sampling, however, as sequence between the single strands.
demonstrated in our previous wotkhad little influence on
the equilibration due to its comparatively small sampling
portion of the whole mixture. In addition, CUF is not as A simple and rapid method has been developed for
friendly as microdialysis and, thus, may disturb the equilibra- determining the DNA structural and sequence selectivity of

Conclusions
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Figure 5. Evaluation for DNA structural preference of the
interacted compounds . chinensig-ranch andR. PalmatunqL.).

The binding degree of the compound to each DNA structure is
shown as a bar graph.

a multiple-compound library. An important advantage of this
method is its applicability to a relatively small amount of a
complex sample of small molecule libraries, such as natural
products. The multiple compounds can be analyzed simul-
taneously without purification. The sampling of the interac-
tion system with all the DNA structures can be accomplished
in 30 min, which is much faster than the competitive dialysis
assay, which requires at least 24 h. This method provides
an alternative for the biomacromolecular recognition study
of the small molecular combinatorial library.
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