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that this strategy will ensure a reliable and  
cost-effective supply of natural products such as 
paclitaxel in the near future. Currently, the best 
options involve a combination of approaches. 
Notable  examples include production of the 
anti- malarial agent artemisinin by expression 
of a pre cursor in a microbial host followed by 
synthetic  chemistry7, and a partial solution 
for paclitaxel that involves sustainable harvest 
of Taxus needles, extraction of a precursor 
and synthetic chemistry. In many situations,  

plant cells, their aggregation (which compli-
cates scale-up to bioreactors), low yields of 
 secondary metabolites, and above all, vari-
ability in these properties5. Another alternative 
is microbial hosts engineered to express plant 
metabolic pathways. For example, Escherichia 
coli was recently engineered to express the first 
2 out of the putative 19 steps of the dedicated 
paclitaxel biosynthetic pathway6. However, 
many complex plant secondary biosynthetic 
pathways are not fully defined, and it is unlikely 

Natural products from plants have an  important 
place in the history of pharmaceuticals as a rich 
source of leads and drugs1. Yet research into 
natural products has declined steadily over the 
past two decades, eclipsed by high-throughput 
screening and combinatorial chemistry and 
by uncertainties regarding the feasibility of 
large-scale manufacture2. In this issue, Lee  
et al.3 show that these concerns might be 
overcome by culturing cambial meristematic 
cells (CMCs), multipotent plant cells that give 
rise to the vascular tissues xylem and phloem. 
From a commercial perspective, CMCs could 
supersede existing plant cell culture methods 
for generating natural products.

Owing to their structural complexity, 
most natural products cannot be produced 
on an industrial scale by chemical synthesis. 
Extraction from plants is often not feasible 
as the plants can be rare or slow growing. 
These supply issues came to national atten-
tion in the United States during development 
of the anticancer drug paclitaxel (Taxol) in 
the early 1990s, when legislation was enacted 
to protect the pacific yew (Taxus brevifolia) 
from overharvesting and to mandate explo-
ration of alternative sources of paclitaxel.  
One solution that emerged was culture of 
de differentiated cells (DDCs) from various 
Taxus species, and after extensive research 
efforts involving media optimization, meta-
bolic engineering and process engineering 
in both academic and industrial laborato-
ries, Phyton Biotech, a DFB Pharmaceuticals 
company, received US Food and Drug 
Administration approval to produce Taxol for 
Bristol-Myers Squibb by plant cell culture4. 

Nonetheless, this method of producing 
 natural products has several limitations, includ-
ing the slow growth rates of  dedifferentiated 

Plant natural products from cultured multipotent cells
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Cultured cambial meristematic cells could enable large-scale production of certain natural products.
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Figure 1  Suspension cultures of CMCs provide an attractive alternative to cultures of DDCs for the 
production of plant natural products.
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variability in growth and profusion of necrotic 
cells. CMCs appear to enhance cell culture 
performance in all of these areas, and notably 
do not require selection of specific cells and 
aggregates for consistent growth over repeated 
subcultures, thereby minimizing maintenance 
requirements. These improvements yield cell 
cultures that are substantially closer to mam-
malian cell cultures with regard to large-scale 
process considerations. CMC-based strategies 
should therefore facilitate the development of 
economically viable plant cell tissue culture 
processes for many natural products.
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paclitaxel yields from CMCs are similar to 
some values reported elsewhere for dediffer-
entiated cells, they are lower than the maxi-
mum values reported9. However, Lee et al.3 
did not attempt extensive process engineering 
optimization, and higher yields seem possible. 
The utility of this new approach is also dem-
onstrated for the production of ginsenosides 
from P. ginseng cultures.

Some secondary metabolites accumulate to 
much higher extents in differentiated organ 
cultures (e.g., shoot or root). The most notable 
examples are the vinca alkaloids, produced by 
means of Catharanthus roseus hairy root cul-
tures10. The benefits of using CMC cultures 
for the synthesis of such products will have to 
be evaluated.

A reliable, cost-effective supply of  natural 
products for use as pharmaceuticals,  fragrances,  
dyes and insecticides remains a major  challenge 
for many systems. Plant cell  tissue culture has 
been limited by inconsistent performance and 
the economic constraints associated with slow 
growth and low product yield. Compared with 
mammalian cell culture, plant cell culture has 
required batch times of months rather than 
weeks and has reached product titers of mg/l 
rather than g/l. Additional problems include 
cell aggregation, susceptibility to shearing, 

however, such as natural products derived 
from slow-growing plants and having complex, 
undefined  biosynthetic pathways, plant cell 
culture will remain the most viable option.

The work of Lee et al.3 marks an important 
departure from traditional plant cell culture. 
Instead of culturing heterogeneous mixtures of 
dedifferentiated cells, they isolated cells derived 
from vascular cambium and propagated them 
in solution. When exposed to the appropriate 
ratio of growth regulators, explants from most 
plant organs can be induced to dedifferentiate 
to form so-called callus cultures, which can be 
transferred to liquid media and disaggregated 
into single cells (Fig. 1). The resulting suspen-
sion cultures are amenable to bioprocessing 
technologies used for large-scale mammalian 
and microbial cultures. However, the starting 
cell population from the plant organ is a mix-
ture of specialized cell types, which vary in cell 
cycle participation8 and other properties, and 
the cell types that remain after extended culture 
in the dedifferentiated state are also probably 
heterogeneous, contributing to the instability 
of many culture properties.

In contrast, Lee et al.3 bypass the dedifferen-
tiation step by isolating undifferentiated CMCs 
from a variety of species, including T. cuspidata, 
Panax ginseng and Ginkgo biloba. The proce-
dure (Fig. 1) is simple and rapid, with CMCs 
isolated from explants within a month. The 
authors focus on characterizing the potential of 
a cell line derived from T. cuspidata cambium 
cells for producing paclitaxel and related tax-
oids. The T. cuspidata CMC cultures are distinct 
from DDC cultures derived from needles and 
embryos on the basis of  morphological char-
acteristics, increased ability to differentiate,  
hypersensitivity to radiation and comparison 
of molecular signatures. A Gene Ontology 
analysis of the >500 differentially regulated 
genes confirms the upregulation of several 
genes known to be overexpressed in cambial 
cells. The cultured CMCs can thus be consid-
ered innately undifferentiated and inherently 
distinct from the dedifferentiated cells typically 
used for plant cell tissue culture.

The performance of CMCs as an applied 
bioprocessing technology is shown to be far 
superior to that of DDC cultures established 
at the same time. Growth rates and paclitaxel 
production are improved at both the labora-
tory scale (125 ml) and pilot scale (up to 20 
liters), aggregate size is reduced, and variability 
in growth measured over repeated subculture 
cycles is markedly decreased. The authors 
also demonstrate the feasibility of using both 
stirred-tank and air-lift bioreactor designs 
for promoting growth and paclitaxel synthe-
sis with CMCs, suggesting flexibility when 
designing a large-scale process. Although the 
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Synthesis and screening of a small library of antibody fragments yields 
promising hits.

Screening large combinatorial libraries is 
 standard procedure in small-molecule drug 
discovery but is not generally used to discover 
therapeutic monoclonal antibodies. The main  
obstacle is the prohibitive cost of library syn-
thesis, as it has been believed that upward 
of 100 million unique antibodies would be 
needed. In this issue, Mao et al.1 overturn 
this conventional wisdom by showing that  
a library of only ~10,000 antibody frag-
ments, designed in  silico and synthesized de 
novo, can yield new leads for several targets. 
Their results suggest that rational approaches  
for determining the relationships between  
the sequences and acti vities of a library of 

molecules can aid the search for new thera-
peutic antibodies.

Monoclonal antibodies are now widely 
used to treat a range of diseases, particularly 
 cancers and autoimmune disorders. More than 
20 are approved by the US Food and Drug 
Administration, generating over $15 billion  
in revenue annually, and hundreds are in 
clinical trials2. The insatiable demand for new 
therapeutic antibodies has spurred efforts to 
improve the efficiency of the processes used 
to discover them. The most common method 
used in industry relies on creating libraries 
of hybridomas from immunized (transgenic) 
mice, screening them by limiting serial dilution, 
and applying molecular engineering to human-
ize the leads or to improve their affinities and 
specificities. Advances in automated screening 
and liquid handling have improved this tech-
nique, but it remains arduous and costly.
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