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Mass scale production of shikimic acid from different biological sources
ABSTRACT

Shikimic acid (SA) is a raw material for chemical synthesis of drug Oseltamivir
commercially known as Tamiflu, the only drug effective against influenza pandemics like
“Swine flu” and “Bird flu”. It also prevents the spread of H5N1 and Influenza A virus.
Besides its application in the production of antiviral drugs, shikimic acid is also used in
chemotherapy and hormone replacement therapy. SA is potentially used as herbicide and
antibacterial agent. The demand of shikimic acid is growing day by day in the pharmaceutical
industries and its market value has risen to $1000 /kg during pandemic situations, yet the
supply of SA is inadequate to meet the growing demand of world market. Currently SA is
recovered from the seeds of Chinese plant Star Anise using a complex extraction procedure.
SA accumulation has been also reported in other Chinese plant species but their low content
and restricted availability are the major limitations for their use as raw material for
commercial SA production. Hence, there is an urgent need for the identification of alternate
sources and/or development of production protocols for mass scale SA production which was
the major motivation of the present study. Several alternate production routes have been
explored in the recent past to supplement shikimic acid production e.g., microbial
fermentation of genetically recombinant bacteria and enzymatic synthesis SA. But above
production protocols are not suitable for large scale production of SA due to different reasons
as indicated below. Fermentation by genetically modified organisms requires specific
aromatic amino acids in the cultivation medium which are costly and their worldwide
availability is less than there requirement for SA production. Besides, most of the microbes
studied for production of SA are gram negative in nature having lipo-polysaccharides
(endotoxins) in their cell membrane and so are not Generally Recognized As Safe (GRAS)

for pharmaceutical use. Similarly, the enzymatic synthesis procedures require expensive



reagents, besides these production protocols are not easily scalable, with the result these
production strategies are not considered as appropriate for commercial SA production.

In present study in-vitro plant cell cultivation technology was developed which can be
regarded as a safe, scalable and efficient protocol for mass scale shikimic acid production.
Two, literature reported Indian plants Agathis borneensis and Melia azedarach were selected
for development of the sustainable production of shikimic acid. A. borneensis is already
listed as endangered species as it belong to Gymnosperm group of plant and was reported to
contain highest concentration of shikimic acid among all the Indian plant species studied so
far. A. borneensis tree, generally, grows in association with fungal culture and due to this
reason callus induction & the cell cultivation was difficult for this plant species. Also no
reports were available for either callus induction or mass scale cell cultivation for this plant
species.

The callus & suspension culture of A. borneensis were established and mass propagation was

attempted in the bioreactor for the first time.

For this purpose the protocols for surface sterilization, callus induction and suspension
culture initiation were standardized in the present study. The batch production kinetics
studies of A. borneensis was examined in shake flask, 3L stirred tank bioreactor (STR) and
even 3L air lift reactor (ALR). The cell suspension cultivation in shake flask with appropriate
sucrose concentration and cultivation conditions resulted in reasonably high shikimic acid
accumulation (8 % w/w on dry weight basis) 32% higher than the natural plant source.
However the plant cells were observed to be very shear sensitive and therefore the biomass
accumulation decreased by 12% and 22% while attempting the cell cultivation in STR and
ALR respectively. The loss in cell viability of 60% and 57% resulted in reduction of SA

production by 35 % and 40 % during cultivation in STR and ALR respectively. The cell



culture turned brown due to release of intracellular phenolic compounds which inhibited its

growth in the bioreactors. The cell aggregates formed during shake flask cultivation

significantly affected the development of homogenous suspension culture and eventually less

shikimic acid accumulation. Due to above limitations A. borneensis cell suspension could not
be used for in depth cultivation & optimization studies.

Melia azedarach leaves explants were collected from a local tree (1IT Delhi campus) and
subjected for callus induction trials. The successful callus induction was followed by
initiation of homogenous shake flask cell suspension culture. The medium components and
shake flask cultivation conditions were, thereafter, statistically optimized for the enhanced
production of biomass & shikimic acid. Batch cultivation of M. azedarach in the 3L STR
with optimized cultivation conditions resulted in (465 mg/L) 4 folds increase in SA
accumulation than the leaves of natural plants (120.6 mg/L).

The batch kinetics of M. azedarach along with its substrate inhibition data with respect to
specific growth rate was used to develop a mathematical model. The model was then
extrapolated to simulate different nutrient feeding strategies for higher biomass and shikimic
acid accumulation during fed-batch cultivation conditions. Selected model based nutrient
feeding strategies for fed-batch cultivation were thereafter successfully implemented
experimentally wherein 15 folds increase in SA was observed than the natural plant whereas
in continuous cultivation with cell retention an 18 folds increase in SA than the natural plant
was achieved by M. azedarach cells. To further improve the shikimic acid content
“Integrated fed batch cultivation (with maintenance of pseudo steady state with respect to
sucrose @ 23.5 g/L) and thereafter continuous cultivation @ Dilution rate 0.09 L/day) with in
situ cell retention using spin filter (10 micron pore size)” was Simulated by model and
experimentally implemented. During this cultivation study, the biomass growth & shikimic

acid accumulations were 80.6 g/L DCW & 8640 mg/L respectively (34 folds higher SA than



natural plant) on 26" day of cultivation. However, the cell suspension turned very viscous at
such high cell density and it was difficult to maintain the dissolved oxygen (at 30% saturation
value) which eventually led to a decrease in the shikimic acid (8640 mg/L) content after 26™
day of cultivation as opposed to the model predicted SA accumulation of 9400 mg/L on 28™
day of cultivation.

To address the oxygen limitation problem, the cell suspension of M. azedarach was
successfully cultivated in different bioreactor configurations and it was observed that 3L
Centrifugal Impeller Bioreactor (CIB) was most suitable configuration for the large scale
cultivation of cells of M. azedarach which enhanced the biomass production and SA
accumulation by 20% and 150% respectively than the shake flask cultivation. The
Volumetric oxygen transfer coefficient (Kia value) of CIB (5.6 h™t) was almost double than
that of STB (2.6 h'). Which ensured the oxygen availability to growing cells at higher cell
density? Mixing time of centrifugal impeller was also less (4.9 sec) than that of stirred tank
bioreactor (5.3 sec). Shorter mixing time may have enhanced the growth of high density cell
suspension by improving oxygen transfer capacity and reducing the dead zone formation
thereby leading to biomass and SA concentrations of 17.4+1.3 g/L DCW and 1150+21 mg/L

respectively.
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