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ABSTRACT

Hairy root cultivation, induced by genetic transformation of plants with gram-negative
bacterium Agrobacterium rhizogenes, is considered a promising alternative to conventional
whole plant propagation technique for the production of important bioactive compounds due
to its rapid growth and similar (or even higher) content of bioactive compounds production.
Ajmalicine, one of the principle secondary metabolites found in C. roseus, has extensive
medicinal applications in treatment of circulatory diseases and is already in use as a
prescription drug (Card-Lamuran, Circolene, Duxor, Sarpan etc.) for hypertension to lower
high blood pressure. Commercially, ajmalicine is extracted from the roots of C. roseus plant,
but the content of ajmalicine in natural root systems is much lower than its demand. Therefore,
alternative biotechnological production protocols such as hairy root cultivation systems are

being studied to supplement the production of this valuable bioactive compound.

Catharanthus roseus hairy root cultures (clone CP32 var. Prabal), used in the present
investigation, were induced by National Institute of Plant Genome Research (NIPGR), New
Delhi. The present investigation focused on the development of suitable novel bioreactor
configurations for mass cultivation of C. roseus hairy roots on inert solid support for

maximizing the ajmalicine content in hairy roots.

Hairy root growth and ajmalicine production kinetics were established in hairy roots cultivated
in two types of solidified media- agar gelled and phytagel gelled media. The maximum
ajmalicine content in hairy roots was observed on 15" day on both types of solidified media.
Sprinkle bioreactor, (equipped with effective custom-made media dispersal system) suitable
for mass cultivation of hairy roots on inert solid supports, was designed and fabricated. Growth

and ajmalicine production kinetics were established for hairy roots cultivated on selected inert



supports (saw dust and grey sand) in the custom fabricated bioreactors wherein growth
associated production kinetics was observed with maximum ajmalicine content in hairy roots
on 20" day with both the inert supports. Twelve different agro-industrial residues were used as
inert support materials and were examined for their suitability for cultivation of hairy roots in
custom fabricated reactors. Saw dust grown hairy roots exhibited maximum ajmalicine content
of 8.07+0.67mg/g DW out of all the inert support materials studied. Three different parameters
were studied to optimize the inert bed characteristics: bed height, particle size of inert material
and frequency of media addition. The complex and intriguing interaction of low and high
concentrations of different effectors (inert bed parameters) and their cumulative effect on
responses biomass and ajmalicine was studied using Response Surface Methodology. RSM
optimized values of the three effectors (bed height, inert material particle size and frequency
of media addition) predicted the ajmalicine content of 9.46 mg/g DW in the hairy roots which
was experimentally validated. Hairy root cultivation was examined in five reactors having
custom made inert support plate geometries; straight plate, curved plate, hemispherical plate,
40° cone and 50° truncated cone wherein high ajmalicine content (10.29+0.48 mg/g DW) was

observed in hairy roots cultivated in 50° truncated cone.

The fabricated sprinkle bioreactors were modified wherein three or more individual sprinkle
reactors were connected to a common media reservoir, which allowed parallel operation of
multiple reactor units at a time. It also minimized the chances of contamination, did not require
an additional power source for intermittent delivery of sterile media to the growing hairy roots

and made the operation and handling of the reactor simpler.

Custom made nutrient mist reactors were fabricated which were equipped with custom made
misting unit for generation of fine mist inside the reactor. These custom fabricated reactors
were simpler in design, cheaper which also featured easy operation as compared to

commercially available mist reactors. C. roseus hairy roots were cultivated on selected inert



supports (polyurethane foam and coconut husk) in the fabricated mist bioreactor wherein high
ajmalicine content was observed in hairy roots cultivated on coconut husk (8.46+£0.45 mg/g
DW). Misting cycle featuring duration and frequency was statistically optimized using
Response Surface Methodology wherein the optimized values of the misting cycle predicted
the ajmalicine content of 10.95 mg/g DW in the hairy roots. This was validated by conducting
independent experiments using the optimized misting cycle. A detailed study of prior soaking
of hairy roots in nutrient media in the fabricated mist reactors was conducted wherein different
combinations of soaking and misting durations were examined. The combination of 15 days
misting followed by 5 days soaking exhibited maximum ajmalicine content in hairy roots

(13.78+0.36 mg/g DW).

Muist reactor was scaled up for large scale cultivation studies on mass propagation of hairy roots
of C. roseus on inert solid supports as this reactor exhibited better ajmalicine content in hairy
roots as compared to nutrient sprinkle reactor. Scale up was done on the basis of “misting area
per unit cross-sectional area of the reactor”. The custom-made mist reactor (20 L) was equipped
with a mist generation device for effective and uniform mist generation inside the reactor. The
design was economical, simple in construction and operation and did not require any external
pumps for mist generation. Optimized misting cycle and combination of preoptimized soaking
and misting was used for large scale hairy root cultivation studies wherein high ajmalicine
content (12.58+0.64 mg/g DW) was observed in the harvested hairy roots, which is the best

reported in literature so far.
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