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Systems Biology and Studies on the ZHENG of TCM

SHEN Zi-Yin
Institute of integraled traditional Chinese and western medicine
Huashan hospital affitiated to Fudan University (Shanghai, 200040,China)

[Abstract] The idea of science and methodology of science since the later half 15th century  was reviewed
in this article. The great difference between reduction theory, which is used to study the components and nature of
things, and emergence theory, which is mainly involved in studying the production of new things was precisely
discussed. The better method in research work is to combinate these two theorys. The author pointed out that the
combination of systems biology and molecular biotogy and application of mathematical modeling is a new trend
in biology science. The connotation of ZHENG, a professional term of traditional Chinese medicine, is consistent
with systems biology. The integration of findings at molecular Jevel during the last several decades by reduction
theory will push the research of ZHENG into the scientific frontier again.

[Key words] systems biology, reduction theory, emergence theory, ZHENG, mathematical modeling
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Biochips and Applications

Lei Wang' Hongying Yin'and  Jing Cheng"?
1. Medical Systems Biology Center, Tsinghua University School of Medicine(Beijing, 100084, China)
2, National Engineering Research Center for Beijing Biochip Technology

[Abstract] Biochip-based systems have enjoyed impressive advancement in the past decade. A variety of
fabrication processes have been developed to accommodate the complicated requirements and materials for
making such a device. Traditional microfabrication processes and other newly developed techniques such as
plastic molding and microarraying are being explored for fabricating silicon, glass or plastic chips with diverse
analytical functions for use in basic research and clinical diagnostics. These chips have been utilized to facilitate
the total integration of three classic steps involved in all biological analyses, ie., sample preparation, biochemical
reaction, and result detection and analysis, and finally construct fully integrated smaller, more efficient bench-top
or even handheld analyzers — laboratory-on-z-chip system. Meanwhile, biochip-based analytical systems have
demonstrated diversified use such as the analyses of small chemical compounds, nucleic acids, amino acids,
proteins, cells and tissues. In this chapter, aspects related to biochips with different functionality and chip-based
integrated systems will be reviewed.

Sample Processing

Sample preparation is the first stage of a lab-on-a-chip system. It generally implies the ability to process crude
biological samples such as blood, urine, water, ete. to isolate target molecules or bioparticles of interest such as
nucleic acids, proteins or cells. Currently, most of the analytical methods used in biomedical research and clinical
applications'analyze samples at volumes of >2 L. Handling and processing of micro-samples {e.g., pL and
sub-pL volume) is difficult.  Analysis of sub-pL. volumes of sample has known problems such as loss of sample

MEETREEHTRA No: 20024A272011
vegdt, BEAR, AHSALNERIEAR S EHE, Tel 010-80715888-8318 E-maill: chengyy@zju.cdu.co



%2;12: B mEwWMERS B E Z & A Nov. 2004
20045117 Tnternational Symposium on Bioinformatics and Chinese Medicine No. 2

on the walls of pipette tips, loss by evaporation, loss of the targeted analyte because of adsorption onte the
tubingwalls or containment vessels during manipulation and processing period, difficulty in obtaining a
representative sample from an nonhomogeneous specimen. Additionally, the low concentration of the analyte may
restrict the scale of miniaturization. In many cases the analytes are usually present at extremely low concentration,
e.g. 100 molecules/mL. Hence, in a 1uL sample there is less than one molecule of the analyte, and thus this degree
of miniaturization is impracticable. Sample miniaturization is suitable for molecular analysis of genomic targets,
Generally speaking, there are approximately 4.400-11,000 white cells in a | pL of adult human blood. In theory
the DNA molecules from a single white cell are sufficient to allow theamplification of the region of interest
millions of times through the use of molecular technologies such as PCR, For a blood specimen, suppose the
white blood cell count is 10,000/uL, the average volume for a sample to contain one white bloed cell is 100 pL.
Tn the event of detecting rare cell types or microorganisms (s.g., detection of cancerous cells, fetal cells in
maternal circulation, assessment of minimal residual disease), insisting on the use of reduced volume of samples
is no longer practical. Under these circumstances, sample sizes compatible with detection will have to be
determined by the expected cell frequency or microbial load and sample volumes ranging from 100 pL to 5 mL
may be desired. Moreover, specific selection (e.g., dielectrophoresis technology) or a preconcentration step has to
be adapted to ensure the presence of the desired cells or microorganisms.

Microfiliration

To analyze nucleic acid by a lab-on-a-chip system the nucleic acids released from white blood cells usually have
to be amplified by various amplification technologies such as PCR or SDA. However, these amplification
processes might be inhibited by hemoglobin released from red blood cells. Hence a fundamental consideration in
designing the microfilter chips for sample preparation is to facilitate the largest possible isolation of white blood
cell populations or nucleic acids with very low red cell or hemoglobin contamination. Al microfilter chips so far
have been fabricated directly from silicon using both conventional wet etching and reactive ion etching,
Different structural designs were explored, including simple arrays of posts (1], tortuous channels, comb-shape
filter and weir-type filters [2]. The general structure of a microfiltration chip is an etched chamber that contains
the filter element across the entire width of the chamber. The study of microfilter-facilitated cell separation soon
revealed that the deformability of cells plays a critical role in the separation efficiency. The filter dimensions were
initially designed according to the reported sizes of blood cells obtained from morphological measurements of the
stained cells. Yet, filtration of white and red blood cells was found to be influenced by the cell concentration,
applied pressure, viscosity of the medium, and the size of the filter port. And it was discovered that red blood cells
with relatively stable discoid architecture readily align themselves to facilitate passage through a 3 um gap while
highly deformable white blood cells with spherical diameters in excess of 15 um will pass through filter gaps of
only 7 pm. Thus, optimization of filter geometry was performed and weir-type filters with a filter gap of
approximately 3 ym were proved to be effective in isolating large sized-white blood cells with relatively high
yield [2]. For the isolation of cells with very small sizes (e.g., bacterial or viral particles) or specific types or
subtypes (e.g., CD4+), microfilter chips may be incompetent despite its effectiveness in removing red bloed cells
from blood. The following two isolation approaches may be found useful.

Magnetic cell sorting

A microfluidic structure has been made in silicon to enable the magnetic cell sorting [3). An enrichment rate of
more than 300-fold has been achieved. However, it was impossible to control the interaction time of particles with
magnet due to the parabolic flow profile in microchannel. In addition, build-up of magnetic particles increased the
magnetic field gradient inside the channel and consequently entrapment of particles was observed.

Electronic cell separation

Spiral gold electrodes were fabricated on the glass substrate. The electrode array consists of four parallel spiral
electrode elements energized with phase-quadrature signals of frequencies between 100 Hz and 100 MHz.
Depending on the frequency and phase sequence of applied voltages, the three dimensional forces generated by
spiral electrodes could result in cell radial motion, levitation, and trapping. The chip bearing spiral electrodes has
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been used for the enrichment of breast cancer cells and isolation of breast cancer celis from bloed [4].
Complicated design of platinumvtitanium and indium tin oxide electrodes have been fabricated also on glass
substrate for cell manipulation [5]. Negative dielectropheresis has been employed in this case for concentrating
and switching the particles at flow speed up to 10 mm/sec. In addition, planar microelectrodes were used to trap
viral particles when a phase-shifted high frequency AC signal is applied [6). Moreover, individually addressable
microelectrode array fabricated on silicon substrate has recently been used for the isolation of cultured cervical
carcinoma cells from human blood [7]. This demonstrated the possibility of further integrating cell isolation
devices with other microdevices through the use of established silicon processing technologies.

Biochemical Reaction

Biochermical reaction may include various types of chemical or enzymatic reactions such as chemical labeling,
DNA amplification using PCR or SDA (strand displacement amplification) or DNA restriction enzyme digestion.

Amplification of Nucleic Acids

The amplification of nucleic acids has been performed in microchips fabricated from different substrates such as
glass [8], silicon-glass {7] and plastics [I1]. Both thermal and isothermal amplification techniques were
demonstrated [9]. The reaction volumes varied from a 1 pL [12] to > 25 Wl [14]. The glass-silicon microchips
were bonded by using either silicone rubber [10] or anodic bonding {13]. The size of the amplification products
ranges from approximately 50 bp to 1600 bp. Thermal cycling was achieved cither by an on-chip polysilicon thin
film heater or externally by means of a Peltier heater-cooler or an infrered irradiation [14]. Nucleic acids have
been amplified in these microchips using conventional hot-start PCR, LCR, DOP-PCR (14], multiplex PCR and
SDA [9]. RNA has been amplified using the single step RT-PCR protocol [15]. Rapid PCR was achieved recently
on a microchip-based PCR device using flexible printed circuit technology. An new digital temperature control
system was de\?éloped by introducing a heater/sensor switching procedure. Temperature stability within 0.3 °C
and a transitional rate of 8 °C/s during heating/cooling was achieved [16].

Surface chemistry plays a significant role in microchip amplification reactions [13]. Various passivation
procedures have been tested and several identified that are PCR and LCR friendly. Covering a silicon surface with
a thermally induced silicon dioxide layer (thickness of 2000 A) is the most effective passivation procedure
discovered so far for nucleic acid amplification reactions [14]. Isothermal nucleic acid amplification techniques
(e.g., nucleic acid sequence-based amplification and strand-displacement amplification) are candidate techniques
for a microchip format. These techniques do not require the use of the heater-cooler system and therefore greatly
simplify the construction and operation of a microchip for nucleic acid analysis and should prove energy saving.

Other chemical reactions

Apart from the DNA/RNA amplification performed in various microchips, other chemical reactions have also
been investigated using microchips. For example, both quartz and glass microchips have been fabricated for
performing capillary electrophoresis and postcotumn reaction [17]. On-chip postcolumn reaction of
o-phthaldialdehyde and amino acids generated theoretical plate numbers up to 83000 and approximately 90 ms
peak widths, Approximately 10% degradation efficiency was due to the reactor geometry. Apart from that, it was
found through the study that pH differences in the mixing solutions play a role in the efficiency of the postcolumn
reactions. In another report, enzymatic reactions were performed within a microfabricated channel network {18].
Precise concentrations of substrate, enzyme, and inhibitor were mixed in nanoliter volumes using electrokinetic
flow. Reagent dilution and mixing were controlled by regulating the applied potential at the terminus of each
channel, using voltages derived from an equivalent cireuit model of the microchip. The B-galactosidase-catalyzed
hydrolysis of resorufin p-D-galactopyranoside was used as & model system for enzyme kinetic and inhibition
determinations. The microchip approach assay allowed the studies to be completed with significant time-savings
and reduction of reagent consumption by more than 4 orders of magnitude while delivering results consistent with

conventional approaches.
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Result Detection

Result detection may be facilitated by microchannel-based separation approach, microarray-based affinity binding
approach, etc.

Microchannel-based separation methods

One distinct advantage for microfabricated chips is that they can be utilized as platforms for multi-purpose liquid
samiple handling and analysis. As a result, a variety of separation methods have been developed for use with
microchips. The methods implemented on chips include free-solution capillary electrophoresis, capillary gel
electrophoresis, micellar electrokinetic chromatography, isotachophoresis, isoelectric focusing, open-channel
electrochromatography and free-flow ¢lectrophoresis.

Nucleic acid analyses

The analyses of nucleic acids can be divided into two main categories. One is the fragment sizing in most cases
related to the detection of DNA mutations. The other cne is DNA sequence analysis. For the first category
polymer solution gel capillary electrophoresis has been used as the main separation media. One of the eartiest
separation case, the rapid sizing of PCR amplified HLA-DQu alleles as well as the spiked DNA marker with size
ranging from 72 to 1353 bp was obtained in approximately 2 minute in a glass capillary electrophoresis device
(20}. Hydroxyethyl cellutose (HEC) was used to form the entangled free-solution sieving matrix in this study.
Apart from glass chip plastic chips have been fabricated and used for fragment sizing [21] and detection of single
DNA molecules [7]. Using injection-molded acrylic capillary electrophoresis chip and HEC as sieving matrix all
fragments in the DNA marker with size ranging from 72 to 13353 bp was baseline resolved in 2.5 minutes, The
standard deviation for Tun-to-run is less than 1% and for chip-to-chip is between 2-3% [21]. Also PDMS molded
capillary electrophoresis chip has been used together with hydroxypropy! cellulose as sieving media in the
separation of the marker same as that used in reference 6 and 36. In the study of single DNA molecule detection
efficiency larger than 50% was obtained using the same device 7). Fused silica capillary electrophoresis chip has
been fabricated and used for fast DNA profiling [21]. In this case a replaceable denaturing polyacrylamide matrix
was employed for baseline resolved separation of single-locus short tandem repeats amplicons. The complete
separation of four amplicons containing loci of CSF/PO, TPOX, THOI and viF4 was achieved in less than 2
minutes representing a 10- to 100-fold increase in speed compared to the conventional capillary or slab gel
electrophoresis systems. In another report glass capillary array electrophoresis chip filled with HEC solution was
used for high-speed DNA genotyping {22]. Twelve DNA samples with the largest fragment size of 622 bp were
separated in paraliel in less than 3 minutes. For the detection of all lanes a laser-excited confocal fluorescence
scanner was developed for achieving a temporal resolution of 0.3 seconds. In a recent case, ribosome RNA
samples were separated in an injection-molded plastic microchannel with a cross-section of 100x40pm and a
effective length of 1 ¢m [23). The sieving matrix employed is hydroxypropylmethylcelulose and the detection of
RNA less than what can be obtained from a single cell is achieved using a fluorescent microscope equipped with a
photometer. Recenily, a PDMS chip-based temperature gradient capillary electrophoresis was developed for fast
screening of single nucleotide polymorphismns. A temporal temperature gradient with a precision of 0.1 °C per step
was applied on the chip during the separation. The homoduplexes and heteroduplexes were base-line resolved [24].
Ultra high speed DNA sequence analysis has been achieved on a glass capiliary electrophoresis chip where a
denaturing 9%T and 0% C polyacrylamide solution was used as the separation media [25]. When & four-color
detection scheme was used the readout of approximately 200 bases was obtained in 10 minutes in an effective
separation length of 3.5 cm. After optimization of both electrophoretic channel design and methods much higher
readout in four—color DNA sequencing was obtained, i.e., 500 bases in less than 20 minutes [26]. For the purpose
of fast DNA sequence analysis if a 96-channel array chip is used one can then easily see how significant the
production rate could be compared to the conventional DNA sequencers.



