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a  b  s  t  r  a  c  t

Traditional  biotechnology  has  been  utilized  by human  civilization  for long  in  wide  aspects  of our  daily
life,  such  as  wine  and  vinegar  production,  which  can  generate  new  phytochemicals  from  natural  prod-
ucts  using  micro-organism.  Today,  with  advanced  biotechnology,  diverse  applications  and  advantages
have  been  exhibited  not  only  in  bringing  benefits  to  increase  the  diversity  and  composition  of herbal
phytochemicals,  but  also  helping  to  elucidate  the  treatment  mechanism  and  accelerate  new  drug  discov-
ery  from  Chinese  herbal  medicine  (CHM).  Applications  on  phytochemical  biotechnologies  and  microbial
biotechnologies  have  been  promoted  to  enhance  phytochemical  diversity.  Cell  labeling  and  imaging  tech-
nology  and  −omics  technology  have  been  utilized  to  elucidate  CHM  treatment  mechanism.  Application
of  computational  methods,  such  as chemoinformatics  and  bioinformatics  provide  new  insights  on  direct
target  of  CHM.  Overall,  these  technologies  provide  efficient  ways  to overcome  the  bottleneck  of  CHM,
such  as  helping  to increase  the  phytochemical  diversity,  match  their molecular  targets  and  elucidate
the  treatment  mechanism.  Potentially,  new oriented  herbal  phytochemicals  and  their corresponding
drug  targets  can  be  identified.  In  perspective,  tighter  integration  of multi-disciplinary  biotechnology  and
computational  technology  will  be  the  cornerstone  to  accelerate  new  arena  formation,  advancement  and
revolution in  the  fields  of  CHM  and  world  pharmaceutical  industry.
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1. Introduction

Chinese herbal medicine (CHM) has been used for thousands of
years, and CHM is well-known of its holistic modulation effect on
our body by combined usage of multiple herbs that contains a large
variety of active compounds. To increase its diversity, and reduce
the toxicity of crude drugs, there are multiple preparation methods,
including cutting, soaking, boiling, stir-frying, steaming, calcining,
etc, so as to increase the diversity of herbal compounds being
extracted [1,2]. Beside physical and chemical methods (Fig. 1),
traditional biotechnology also used living systems and organisms
to develop or make useful products, or applied any technologies
that involved biological systems, living organisms or derivatives to
make products. One of the examples is the production of wine and
vinegar by fermentation of wheat, which is the oldest application of
microorganism to change and modify the chemical composition of a
plant or crop materials both in China and other countries [3]. These
old biotechnologies have also been applied in CHM preparation,
in which fermentation has been used to generate new pharma-
ceutically active phytochemicals that do not exist naturally (e.g.
Tempeh, [4]). However, old biotechnologies has its limitations due
to the lack of power of gene and giant molecule manipulation,
so limited new phytochemicals could be formed without desired
genetic engineering [5]. CHM exhibits its medical advantages and
strength by its special 3M’s nature characteristics, 3 M stands for
“multi-components”, “multi-targets” and “multi-mode of action”
[6], therefore, maintaining and even enlarging the pool and diver-
sity of CHM effective compounds are the key to exhibit the strength
of CHM. Owing to the natural biodiversity of herbs, it is in fact a nat-
ural existing chemical library which composes of multiple potential
effective phytochemicals, however, new effective compound gen-
eration is random and slowly happens by natural evolution [7]. Also,
the concentration and ratio of the effective components might vary
greatly that is far beyond to satisfy the industrial production scale
[8]. In addition, looking for new effective naturally-existing chem-
ical components depending on new herbal species discovery from
the nature, is a slow, random and difficult process [9].

Now modern biotechnology provides the breakthrough to solve
these limitations, such as the “omics” technology can help to elu-
cidating the complex treatment mechanism of CHM and human
disease network [10,11]. The scope of modern biotechnology is
no longer limited to application of microorganism, it has been
expanded to include new and diverse sciences such as genomics,
systems biology, recombinant gene technologies, cell imaging and
labeling technologies etc. [12–16]. Furthermore, with advanced
computational methods, more and more effective compounds can
be identified in a high-throughput manner. Eventually, these tech-
nologies can enhance the chemical diversity of CHM; and help to
elucidate the treatment mechanism of CHM, finally it can facilitate
pharmaceutical industrial new drug discovery.

2. Enhancing the chemical diversity of CHM with new
biotechnology

Chemical diversity is the fundamental base for supporting the
new drug discovery. The increase of chemical varieties of CHM
further facilitates the identifications of novel compounds, novel
drug targets and novel biological activities of small-molecules.
Nowadays, advanced research methodologies and modern biotech-
nologies are further adopted to enhance the chemical diversity
of CHM by microorganisms-assisted phytochemicals production.
In addition, the combined techniques of mutasynthesis, chemo-
biosynthesis, semi-synthesis, system biology, synthetic biology,
omics technologies, computational system biology and evolu-
tionary genetic engineering could massively diversify the natural
products. As such, the increase of chemical diversity may  help to
expand the spectrum of new drug discovery on known targets
as well as solving the problems of drug-resistant phenotype with
more drug options.

2.1. Microorganisms-enhanced phytochemicals diversity

Traditional methods for the studies of phytochemicals by
microorganism to discover microbial natural products particularly
require the selection and incubation of strains, extraction, bioassay-
guided purification and structure elucidation. Unfortunately, this
approach is often tedious and time-consuming because of a high
rediscovery rate. Along with the more understanding of microbial
genomics, modern biotechnology has provided valuable insights
into the principles of CHM product biosynthesis and therefore
offers promising approaches for the discovery and engineering of
new chemical entities from CHM [17].

In the recent decade, the rapid development of biotechnology
techniques for deciphering microorganism’s genomes transcrip-
tomes, proteomes, metabolomes and fluxomes, together with
recombinant DNA technology, system biology and computational
modeling tools, have been advancing the genetically engineered
bacterial, yeast, fungi and plant-fungus symbiotic co-culture
system to yield tremendous diversity of chemicals, drugs, biore-
newable fuels, foods, natural food colorants and other useful
materials[18–20] (Fig. 1). For instance, the natural phytochem-
icals such as flavonoids, anthocyanins, isoprenoids, terpenoids,
chalcone and novel carotenoid have been intensively produced
by heterologous expression of methyl transferases and glyco-
syl transferases [21], chalcone synthase [22], stilbene synthase
[23], carotenoid synthase [24] and terpene cyclase [25] using Sac-
charomyces cerevisiae and E. coli. system. The drugs and drug
precursors for (i) anti-malarial agent: artemisinic acid [26]; (ii)
anti-cancer agents: taxol [26], benzylisoquinoline alkaloids [27],
doxorubicin [28] and mithramycin [28]; (iii) immunosuppressants:
cyclosporine A [29], FK506 [29] and rapamycin [29]; (iv) antibiotics
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