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This article described a 3D structure database of components extracted from Chinese Traditional Medicinal
(CTM) herbs. It offers not only basic molecular properties and optimized 3D structure of the compounds
but also detailed information on their herbal origin, including basic herbal category (e.g. English name,
Latin name, and family), effective parts, and clinical effects. An easy to use, interactive GUI browser allows
users to perform various searches via complex logical query builder. Combined with the latest network
database engine (MySQL), it can achieve excellent performance under both a local network and an Internet
environment. We have tested it on the design of inhibitors of NS3-NS4A protease. Results show that the
structure database of components extracted from Chinese medicinal herbs can be a rich source in searching
the lead compound.

INTRODUCTION eEasy retrieval molecular information from a remote

Phytomedicine is a part of health care systems around thedatabase .
world. The World Health Organization (WHO) estimates that ~ *Simple query as well as complex logic query on almost
80% of the world’s people rely on herbs for their primary €Vvery field of a record .
health care needsChinese traditional phytotherapy has been ~ *Incremental query upon previous search
developed and incorporated the therapeutic use of herb for *Easy substructure query _ _
more than four thousand years. Recently, Chinese phy- *Various display modes with many fine-tuned options for
tomedicine is gaining more and more attention in clinical 3D structure visualization, e.g. wire frame, ball-and-stick,
practices throughout the worfd, due to the global trends ~ @nd space fill _ _
of using natural products in prevention and diagnosis of *Calculation of bond distance, torsion angle, and bond
physical and mental diseases. angle on a 3D structure . .

However, the challenges in incorporating Chinese herbs *Batch 3D structures output to integrate with other
into clinical practices are broad. In addition to creating a commercial molecular simulation or drug design software
resource base and clarifying liability issues, keeping quality This structure .database consists of chemical compounds
and consistency of herbal products, identifying primary isolated from Chinese traditional herbs. Although there are
bioactivity components, and describing drug pharmacological @ few successful natural product related databases®fiow,
interaction in modern scientific dialect are all issues to be they all have their own limits, e.g. the NAPRALERIBcks
addressed when practicing in a conventional setting at regionsstructural information and the DNRacks herbal details. Our
outside China, especially in western developed countries. database focuses on providing both structural and herbal

The methodology of structure based drug design used ininformation specialized to the CTM field. Using th|§ kind
modern chemistry gave rise to pharmacology and the Of database as an supplement for current drug design tools,
development of synthetic drugs. Unfortunately, the drug reésearchers can take full advantage of our knowledge of
discovery process is such a money and time-consumingCh'nese traditional herbal medicine while avoiding the
process that it becomes more and more difficult for the obstacles in incorporating Chinese herbs directly into clinical
industry to develop new drugs. To organize the vast practices.addressed above. Although cqrrently the scale of
guantities of biochemical data and speed up drug discovery,commercial natural product databases is far beyond ours,
various structure databases have emerged and have beconibeir data has been collected without respect to the therapeutic
the common tools for the drug designer_ Among these, the effects. Natura”y, it iS_e.XpeC_ted that our qatabase C0u|d, more
3-D structure database of compounds derived from natural©r less, be more efficient in drug design than that of the
product gains wide interest, since natural products could becommercial natural products since all compounds presented
seen as an abundant source of candidate drugs. A growindere are stemmed from medicinal botanies reputed in ancient
number of successful drug design cases based on structurgfhinese folklore. At last, a test case to discover potential
database searches have been repdrted. inhibitors of NS3-NS4A protease is shown to prove the

In this paper, we reported a 3D structure database efficiency of using this database.
developed in our lab. The system currently enables the

following: METHODS
* Corresponding author phone: (086)-010-62757456; fax: (086)-010- Philosophy Behi_nd the Dat_a_lbase Desigrihe P”_maf_”Y
6275; e-mail: xiaojxu@chem.pku.edu.cn. applied form of Chinese Traditional Drugs (CTDs) in clinical
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practice is an herbal mixture. In many instances, the use of Table 1. List of Structural Descriptors Stored in the Database

QIAO ET AL.

the entire plant or leaf is more clinically effective than

descriptor name

brief description

isolating the primary active compounds. For example,

area

molecular surface area

feverfew (Tanacetum parthenium) for migraine prophylaxis vm molecular volume

did not demonstrate significant effects when isolated to the MR Ghose and Crippen molar refractivity

active ingredient in a recent randomized controlled #dal. ~ Apol , sum of atomic polarizabilities

Some studies concluded that the therapeutic effects might gﬁggﬁ%ﬁgon ;‘ggjzf"tfhgey;?g&ular shadow in the XY plane
be a complementary action of natural constituents in the shadow Sxz area of the molecular shadow in the XZ plane
whole plant form. Even though we do not have a good Shadow Syz area of the molecular shadow in the YZ plane

Shadow (Sxy, f)  fraction of area of molecular shadow in the XY
plane over area of enclosing rectangle

fraction of area of molecular shadow in the XZ
plane over area of enclosing rectangle

fraction of area of molecular shadow in the YZ

plane over area of enclosing rectangle

understanding about how the traditional medicines work, an
essential point is that the basic principle of CTDs and
Western drugs (WDs) are the same, that is, the interactions
between the medicinally active molecules of CTDs or WDs
and their biological targets at the molecular levels provide

Shadow (Sxz, f)

Shadow (Syz, f)

therapeutic functions for diseases. Thus, in practical applica- Shadow; rattio of largest to smallest dimension

. . o . . Shadow Lx length of molecule in the X dimension
tions, a reduction of the scientific model of CTDs is to isolate  gpadow Ly length of molecule in the Y dimension
certain compounds and document their effects. Controlled shadow Lz length of molecule in the Z dimension

experiments were conducted to measure curative effects

MW

molecular weight

density
PMI

density

under specific conditions. These chemical compounds were TS N
principal moment of inertia

broken down and analyzed to establish weight paraméters.

. - . ¢ AlogP98 Ghose and Crippen octanol/water partition
We consider that the latter model is more practical in current coefficient
drug design, since the herbal mixtures in conventional herbal Fh2o desolvation free energy for water
therapy are too complex to trace their complementary action. Foct desolvation free energy for octanol
JIX Balaban indices

Our database design adopts this reduced model.

- . .kl Kier's shape indices 1
There are two kinds of audiences that our database is

K2 Kier's shape indices 2

primarily aimed for. The first kind are those drug designers «3 Kier's shape indices 3 o
who want to speed up the searching process of lead «l Kier's alpha-modified shape indices 1
Ka2 Kier's alpha-modified shape indices 2

compounds and improve the shooting accuracy, because theK 3
compounds in our database come from Chinese medicinal \iener
herbs having definite curative effects. Moreover, many of Logz
compounds here have not listed in any commercial database Zagreb
by now since their original papers were published in Chinese.
The second kind are those phytomedicine researchers who Current Scales. By now, there are 10 564 herbal com-
may use it in a more advanced manner. For example, oneponent records and 2073 CTM herbs records from 296
can set up a new pharmacophocore model to guide new drugfamilies having been collected. The records in the database
discovery through finding the common structural character- contain bibliographic information, factual molecular, and
istic among bioactivity components extracted from medicinal herbal data as well as computational descriptors on the
herbs having the same curative effects to specific disease.components from CTM herbs. There are over 90% compo-
Of course, a researcher may also take it as an auxiliary toolnents having optimized 3D structures and 80% components
when he does data statistic work on linking the Chinese having a CAS registry number. The database contains records
traditional herbal medicine theory with modern biochemical from 1950 to the present. Approximately 80% of the records
theory. are from systematic survey of the literatures from 1980 to
According to the design objectives above, all the com- the present. The remaining records were obtained by selective
pounds in the database were carefully chosen from thoseretrospective dating back to 1950.
being reported to isolate from the Chinese traditional Database Engine Configuration.The system employs
medicinal herbs. To keep our data as comprehensive asclient/server architecture. We chodgSQL as our back-
possible while not digressing away from the drug design end database engine in order to achieve scalability, flexibility,
purpose, properties from three categories were selected taand high performance with minimum costdySQL is a
form a complete record. The first category is basic molecular fast, multithreaded, multiuser, platform-independent, and
information, including common name, standard name, for- robust SQL (Structured Query Language) database server
mula, weight, CAS entry number, and physical properties. being widely used on the Internet. Thanks to the power of
The second category is structural information, including 2D client/server architecture andySQL engine, our database
structure, optimized 3D structure, and various molecular back-end may be installed onto not only the same desktop
structural properties useful in drug design, especially in PC with the client browser but also a remote database server
QSAR (see Table 1). All the 3D structures are optimized on network supporting TCP/IP or NETBIOS protocols. For
via the molecular mechanics module in Ceritfassing the personal use, the easiest way is to install the database and
MMPFF force field!® The last category is about the informa- the client browser on the same computer. For group-wise
tion on source herbs, including Latin name, family, effective application, it is highly recommended to install the database
parts, and curative effects. The herbal information is not on a dedicated server to improve the overall performance
quite as comprehensive but is enough for a drug designer.and simplify the maintenance efforts. There are no limits in
Partial resources used in data collection are listed in selection of operating system running on the server, since
Appendix A. almost all modern systems work well witMySQL .

Kier’s alpha-modified shape indices 3
Wiener index

logarithm of Hosoya index

Zagreb index
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Connection Configuration i Two tables store structural information, including 2D struc-
ture, optimized 3D structure, individual element’s count, and
aad | more than 30 useful molecular structural properties (see Table
1). Another table stores basic herbal information, including
English name, Latin name, family, effective parts, pharma-
cological effect, and clinic indication. The last table stores
standard references information. Due to the multi-to-multi
mapping nature among the compound properties, it is not
wise to simply put all information into a single table. For

~Detail Config:

Host Address: |loc=lho=t

Database Name: |He rb3truc

PoEts : |33|:|s i’

Hosts List:

Def. |Host Addr. | patabase | Port Set Default . .
N, localhost Herbstruc 3306 o example, a compound may be isolated from multiple herbs
N 162.105.27.92 Herb3trus 3306

and an herb may have multiple ingredients. The same holds
Erqis | true for compound’s literature field. This multitable layout
s . _ [ i may not only significantly reduce the storage costs but also
: have balanced performance under concurrent queries.
Supported Query Type. The query method adopted in
o L . present implementation is very similar to the one in the
Figure 1. Database connection configuration interface. Cambridge DatabaséThat is, all kinds of retrieval options,
simple or complex, are supported via a special query builder.

O, | Cancel l

B _ The following retrieval options are available:
Herblafo_ | e Compound name and chemical name segments
im Standard_Name ® p X g
/ = Cas eFormula segments and weight range
T Tropertles «CAS registry numbers
English_Name / eIndividual elements count from C, N, O, S, P
m&"m eSubstructural search based on GMA algorithm suggested
Effect ,/ by \]Un XU et aF.S
@_— f eNumeric value or range query for various molecular
: % structural properties, such as
ﬁ!a Table: St B Area: surface area
o - B Vm: molar volume
AtomC MR Author B MR: molar refractivity
s Aleg P Litsreture B AlogP: logarithm of the octanelwater partition

Struc2D Apol Published_Year o
- 7 | PMImag Velumns coefficient

\/ eBibliographical search term
Figure 2. Table layout and internal linkage of the database. Partial  *Herb name, Latin name, family segments
important field names in each table are listed under the table name. *Effective parts, pharmacological effect, and clinic indica-
Table-pair linked with a one-way arrow means that their records tion segments of specific herb
do not have the one-to-one mapping characteristics and thus result «Complex Boolean expressions

in the reverse searching which proves to be a time-consuming .
process. An intermediary index table (e.g. table [Ref2Mole]) has -Incre_mental search upon previous query result
to be introduced to speed up the query. A typical query procedure consists of two steps. For

example, if we want to retrieve all the structures that MUST

A very flexible and secure host-based verification system have 110 oxygen atoms and MUST be isolated from
allows better data protection when the database opens tomedicinal herb “GINSENG” and MUST NOT have “HY-
Internet. At client peer, a user can add, modify, or delete a DROXY” substring in their compound’s standard name, we
specific database, local or remote, from database configu-could do it in two steps. In the first step, we can create each
ration list and select a default database to connect to at staruery operand in a respective query dialogue box (see Figure
up (see Figure 1). The combination of host address (either3). The second step is to dispatch each operand in logical
IP address or host domain name), database name, and po@perand pool into specific logical operator’s (AND, OR, and
number specifies a unique database configuration. SuccessfuNOT) processing queue (see Figure 4). In addition, one can
connection is based on whether the password supplied by aselect whether to search the records from the whole database
user can be verified. or the previous search result set. Finally, a user may execute

At the front-end, graphical input interfaces and user- a real query to retrieve the concerned information.
friendly search forms provide an easy access to the data [ogical Query Formula. To simplify the composite
without requiring knowledge of detailed command syntax. logical query formula, we chose the fix formula as follows
At present, only MS Windows version of client running on
IBM compatible PC is available. A Unix version will be (Qa1AND Q,,AND ... Q,) AND
released in the future.

A multitable layout is designed to store all property fields
of data (see Figure 2). There are five tables designed to store
compound information and two auxiliary index link tables
to speed up query. Two tables store basic molecular (Q:ORQ,0R ... Q)
information, including common name, standard name, CAS
number, formula, weight, original source herb, and literature. where Q represents query operands in queue of loghdéD,

(NOT (Q,; AND Q,,AND ... Q,)) OR
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Molecular Information Query Type T X
English Hane |Standard Nane |Fornula|Weight | CAS No. | Molecular Information
F Use in query Query Dialog
Standard Name: [hydroxyl R
i Herb Information Query Type g Pt x|
Fa_-}sf_{gu_-f Effective Parts | Cure Effects | Indications |
| English Name | Latin Hame | Farily | TCH Haae
i'—] v Use in query Element Query
{4
English Name: Iginseng DiaIOg
Example:
= T r-Hotes: Tt
i Loals | ;r:scf Intro. : ElementiCuery -ﬂ
| R A
4 |
T ! u ("Element Query
Examnple: I " Atom c I o ﬂ snd 1 o j
| FULL NAME SEARCH: Mu | I Atom H [ §=] end T
| PARTIAL NAME SEARCH: 1 o = =t {
i [ Facmo [ 1 =fend [ 10 FH |
5 | |
L | [ aAtom W i il j and ] j
' [T Atom 3 Ujand[ g::ll
s 7 —l and i o= l
! s e
|Herb Information
Query Dlalog OF | CamelJ
Figure 3. Three types of query boxes used in the example query.
/ Build Guery \( Query Result \
[ Query Category————)  ~Query Logic Assig
f Bl ] Logical Operand Pool: 0 Query Logical AND [Must Have] : Z
P e e e S = § .
1% Structure Search -&-]Query [0001] => EnglishName: alkaloid |
1> Molecular Information Search “ Query [0003] == Atom C: § <> 30
1> Reference Search
12> Herb Information Search
12 Structure Properties Search
| . -
| Logical NOT [Must Not Have] : 1
| = Query [0002] => English Name: Hye
E Add =>
Herb Info.
| <= Delete
|
| Logical OR [Optional Have]: 0
R
—Query Range |
@ Whale Database | A=
O Current Selection TR

Execute Query | | Del Operand | [ Clear Pool |

]

For b, = e e

Figure 4. The query builder view of the database client. The example operands have been dispatched into respective logical operator
processing queue.

Qn represents query operands in queue of log@lT, and of substructure query. This module enables easy construction
Qr represents query operands in queue of log@Rl of organic molecules by adding/connecting atoms, bonds,
Although this logical formula cannot cover all possible rings, and functional groups. A user may choose the desired
composite logical query patterns, it is a quite convenient way action from the menu or left toolbar and then picks the
to express the common query pattern. For example, the mostappropriate place on the drawing area. After the structure
common query pattern that a researcher uses is to find thefragment construction, a user can transfer it to the query
set which MUST HAVE certain properties and MUST NOT operand pool by clicking [Store] command under the file
HAVE certain properties OR MAY HAVE certain properties. menu and then quit the construction tool.
More over, almost every complex logical formula may be  Since the structural match problem is a well-known
constructed when combined with the technique of incremen- example of NP-complete probléfrand a traditional algo-
tal query. rithm has factorial of factorial computing complexity, an
Structure Edit and Substructure Query. We developed  efficient algorithm for structure query is indispensable to any
a convenient molecular construction tool to aid the building structure database. At present, we implemented the GMA
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English Name: |01iemal Stephania
Latin Name: Stephania cepharantha Hayata : .
| | | | Herb Information Page l
| TCM Name: |hai yao zi :
|  Family: |Menispe]ma[;eae PR AT - I T
I ]
| Parts: aterous oot SerialNo: 9527
|
4] English Name: Alkaloid FE 3000
_ | ;
| Effects: To clear heat and '
| Standard Name: Alkaloid FK 3000; FK 3000; 6,7-Di-O-acetylsinococuline
| 1]
5 _ €] i
| Indications:
i Sore throat and th Faia |CZZHE?N07
4] Weight: |41?.43?a

i |

! CAS No: A
Properties: Mp 185-186 deg C; Optical Rotation: -163 at 22 deg C (¢, =

' « | LFJ .
ll\{olccular Information [’agel '

Figure 5. The sample molecular and herbal info page in query result view.

algorithm proposed by Jun X8 GMA is a partial-ordering- category (see Figures 5 and 6). The [Basic Info.] page is the
set-based backtracking algorithm, which has exponential basic molecular information, such as name, formula, weight,
computing complexity. The distinctive concept of GMA is CAS number, and physical properties. The [Herb Info.] page
that it considers a query structure as a “program”, which contains the information on each source herb, including
will be executed on the queried structure (or substructure). English name, Latin name, family, effective parts, indica-
Because the substructure query algorithm in our databasetions, and curative effects. The [Reference] page stores the
requests just an answer of “Yes” or “No”, the GMA standard literature description. The [2D structure] page and
algorithm does not have to start searching every node on[3D structure] page display the 2D and 3D structure. In
target structure. It may stop at any starting node when a addition to the standard wire-frame view, various modes have
mapping has been found. Thus in our implementation, we been introduced to aid the visualization of 3D structure (see
ignore other possible mappings and get partial order setFigure 7). The advantage of CPK (space filling) images is
information from a query structure only one time at the the possibility to see the overall space requirement of the
beginning. It can save much time in a large database searchmolecule. In ball-and-stick models, on the other hand, the
Due to the fact that the UDF (User Defined Function) atomic connectivity is visible. Moreover, the system also
mechanism is not currently supported in théindows allows the calculation of bond length, angle, and torsion on
version ofMySQL, we cannot further improve the substruc- the fly like Rasmol. The [Structure Info.] page shows more
ture query efficiency through defining a UDF routine for a than 30 structure properties of a molecule (see Table 1). If
substructure query at the server side on iNendows the result set is too large, it may take several minutes to
platform. On the other hand, creating a native function for retrieve all the data at one time. In view of this, a simplest
MySQL is not a good choice either, since it needs to modify fixed size cache algorithm is introduced to accelerate the
the source of th&lySQL engine. If then, our database would display, reduce the client-peer storage, and balance the server
have to be severely dependent on the modified version of payload under concurrent connections. The main idea behind
the MySQL engine, meanwhile it would be difficult to itis that a user usually views the record in sequential manner.
integrate our database into users’ exiskgSQL engine. Thus we can retrieve only nearby records of the target, say
So we have to make a tradeoff between efficiency and five records before and after the target, if it is not hit in the
portability. In the present implementation, the substructure cache. And any old records in the cache are simply discarded.
guery routine is put to the client side, and all the structures This little trick can significantly improve the client response
have to be retrieved to the client side before running it. When on slow-speed network, especially on the Internet.
the UDF functions are supported by thlySQL engine on To demonstrate the record display, the results of a sample
both theWindows and theUNIX platform, the substructure  query for alkaloid, an interesting kind of secondary metabo-
query routine will be moved to the server side as soon aslite, are shown in Figures 5 and 6. There are 23 components
possible. founded. The 3-D structure of one hit record, Alkaloid
Result Record Display.The properties of a record are  FK3000, is shown in Figure 6. To let the user have a better
displayed in six different property pages according to their idea of the result representation, the content of two other
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Basic Info.
Herb Info.
Reference
2D Structure ™=
3D Structure

Structrue Info.

Properte Name

Area

[T

T ST

Figure 6. The 3D structure property page in result view of the database client. The partial content of two other pages, [2D Structure] and

[Structure Info], are shown on the same page.

i Hit Record List! [ 23 Hits]
(3 [0] Abrus precatonus Alak
[ [ 1] Bueas Akalold B387
0 [ 2] Crchonia ledgeriana Al
O [3] Gentiana macropivyla 4
[0 [4] Gentiana macropinyda 1
O [5] Lycopodim davatum
[ [6] Akaoid PO4
01 [ 7] Akoid PN1
[ [8] Akaoid RC
O [9] Akaoid ¥C2
O [10] Rosmarinus officindis
O [11] Solanum Akalold SL-¢
0O [12] Selenum Alkaloid SL-¢
[ [13] Solanum Akaloid 1V
[0 [14] Akaloid Shi-c
[ [15] Alkaloid SN-f
O [16] Akaloid Sh-d
O [17] Akaloid Sh-e
efl 157 0
0 [19] Thermopsis lanceolats
O [20] Thermopsis lanceolat:
[0 [21] Thermopsis lanceolat:
[ [22] Zephyranthes Akaloic

Figure 7. Various visualization modes supported in the result view: space-fill (lower-left), stick (upper-right), ball-stick (lower-right), and

wire-frame (upper-left).
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Complex prescriptions
+ o I Information system of TCD+
Traditional Chinese herbs+
[
|
v 3D structure database of
Molecules isolated from TCD+ . R bioactive components in TCD+

Computer-aided drug design+ Receptor or pharmacophore knowledge

ot

Isolation and structural

identifications’

v

> Measure of biological

activities and toxicity+

Lead compounds

Structural optimizations [M——» Computer-aided drug design:

Figure 8. The basic scheme of computer-aided drug design based on TCDs.

pages, [2D Structure] and [Structure Info], is shown on the searching the lead compound based on the database search
same page. of components from CTM herbs. The start of this method is

In addition, the result structures can be stored in MDL a complex prescription (Chinese herb mixture). One can
SD file and imported directly into the most popular com- retrieve the information of herb mixtures related to specific

mercial molecular design software. diseases from certain Chinese herbal medicine databases. In
our lab, we have constructed a Traditional Chinese Medicine
DISCUSSION Drugs Information System based on netwcKEhis system

is based on four databases, including Chinese Herb Database,
Chinese Medical Recipe Database, Chinese Patent Medicine

Various structural databases have been widely used tc)Database, and Chinese Medical Dietotherapy Prescription

accelerate the discovery of new drug. Although there are a Patabase. Using this information system developed in our
few Chinese natural products database currently in use, alll2b, we can directly get the information about herbs related
of them are not particularly schemed to cater to the specific {0 Specific diseases. Then, a 3-D structure subset of
needs in computer aided drug design. Our database construdngredients related to specific diseases can be constructed
tion minds the distinct requirements in drug discovery from through searching all structures origin from plants consisting
the very beginning. of the herb mixture. Next, this structure subset is filtered
In practical or clinical applications of CTDs, the complex Via virtual screening. There are several screening methods
prescription (herb mixture) is the most widely-used form in in modern computer-aided drug design. For example, mo-
therapy. So, in CTDs, the diseases are directly connectedlecular docking can be used to study the interaction between
with complex prescriptions, not molecules, sometimes not bioactive ingredient and target enzyme when the target 3-D
even herbs. So we think that complex prescription is the structure is knowrt® 1® Pharmacophore searching can be
starting point in the computer-aided drug design based onused to search candidate compounds with specific pharma-
CTDs. cophoric groups. Further, candidate compounds may be
To utilize the wealth of information from the Chinese extracted from respective herbs and be subjected to bioac-
medicinal herb better, we suggest an efficient way for tivity and toxicity test. Finally, a researcher may further

The methodology used in modern chemistry gave rise to
pharmacology and the development of synthetic drugs.
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modify the structures of those bioactive compounds to 9. Jian, Y.; Guo, L. G IrModern Study of Chinese Drugs
improve their activity. Figure 8 shows the basic scheme of and Clinical Applications Jian, Y., Ed.; Xueyuan Press:
computer-aided drug design based on TCDs. China, 1993; Vol. +2, in Chinese.

We have applied the above method into the work of  10. Jian, Y.; InModern Study of Chinese Drugs and
discovering new potential inhibitors of NS3-NS4A protease. Clinical Applications Jian, Y., Ed.; Ancient Book Press of
HCV is the major pathogenic virus infecting hepatitis after Chinese Medicine: China, 1997; Vol. 3, in Chinese.
blood transfusion. HCV DNA encodes two proteins, i.e.,  11. Institute of Materia Medica. IModern Studies of
NS2-NS3 metal protease and NS3 serine protease. TheChinese Herbal MedicineChinese Academy of Medical
former cleaves NS2-NS3 in multiprotein cleaving. The later Sciences: China, 1996; Vol—1, in Chinese.
catalyzes NS3 cleaving at all cleaving locations. Both of them  12. Ji, Y. B. InPharmacological Action and Application
are vital to the process of HCV duplication. Kim and Love of Available Composition of Traditional Chinese Medicine
have identified the structure of the NS3-NS4A cryStél Ji, Y. B., Ed.; Heilongjiang Science and Technology Press:
successfully. We selected the NS3-NS4A protease as a desigiieilongjiang, China, 1995; in Chinese.
target. At first, we retrieved an herb mixture and herbal plant, ~ 13. Ji, Y. B.; Zhang, G. M. IrPharmacological Action
which have therapeutic effects for hepatitis, from a Chinese and Application of Aailable Antitumor Composition of
herbal medicine network information system (CHMN¥S)  Traditional Chinese Medicin&hang, G. M., Ed.; Heilongjiang
established by our group. Then we constructed an 1100Science and Technology Press: Heilongjiang, China, 1998;
compound subset found in the 3-D structure database ofin Chinese.
bioactive ingredients from medicinal herbs. For each of the
molecules in the subset, we studied the interaction between
the compound and target protease via a molecular docking REFERENCES AND NOTES
module also developed by our group. Then several high score (1) akerele, 0. InSummary of WHO guidelines for the assessment of
candidate compounds were selected according to an energy  herbal medicingHerbalgram1993 28, 13-19.
and geometry match. Finally, these compounds were ex- (2) Kenner, D.. Requena, Y. IBotanical medicine: a European

. . . professional perspecte; Paradigm Publishing: Brookline, MA,
tracted from respective Chinese medicinal herbs and sub- 1996
jected to NS3-NS4A protease bioactivity test. This project (3) Castleman, M. InThe healing herbRodale Press: Emmaus, PA,
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several compounds exhibit distinct bioactivity against the N. E.; Du, L.; Blumberg, P. M.; Milne, G. W. Al. Med. Chem1994

NS3-NS4A protease. 37, 4479-4489.
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