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Mass Production of Shikimic Acid (Raw Material for Tamiflu) from Plant
Cell Culture

Abstract

Shikimic acid (tri hydroxyl-1-cyclohexene-carboxylic acid) is the key intermediate for
production of Oseltamivir phosphate (Tamiflu), which is potentially used to treat the diseases
caused by entire influenza family, especially pandemic diseases like “Bird flu” and “Swine
flu”. The main source of Shikimic acid is the matured pods of Chinese plant Star Anise (Illicium
verum L.). However, its limited availability, low content, and high cost requires exploration of
alternate protocols of production to meet the huge demand of Shikimic acid for Tamiflu
production. The distinct ability of several indigenous plants e.g., Arucaria excelsa, Pinus
roxberghii, Pinanga dicksonii, Agathis borneensis, Calophyllum apetellum, Agele marmelos,
and Melia azedarach, etc. to produce Shikimic acid has been recently reported in the literature.
However, it has been realized that the extraction of Shikimic acid from natural plant will not
be able to cater to the huge demands of society. It was therefore, necessary to develop invitro
mass cultivation protocols of specific cells containing high amount of Shikimic acid in the
bioreactor & recover Shikimic acid from the growing cells to enhance the production &
availability of Shikimic acid.

With above objectives in mind, induction of callus of Agathis borneensis was initiated in the
medium (containing WPM 2.4g/L+ sucrose 30g/L+ NAA 1.5mg/L+BAP 1.25mg/L+ charcoal
0.2g/L+ agar 0.75%), and thereafter, the propagation of cell suspension culture in the shake
flasks were established. The friability of callus of A. borneensis was increased by addition of
10%v/v coconut water while eliminating BAP in the callus induction media. This resulted in
increase in the homogeneity of the suspension culture, which led to enhanced production of
biomass (11.2g/L) and high Shikimic acid accumulation (of 240.38mg/L). Shake flask

cultivation studies on growth & Shikimic acid production from Agathis cells under statistically



optimized concentrations of medium components (sucrose 33.61g/L, (NO3/NH4") (40:20)
4.33g/L, KH2PO4 0.09¢g/L, CaClL.2H,O 0.56g/L, WPM 2.4g/L+ NAA 1.5mg/L+ BAP
0.25mg/L and charcoal 0.2g/L) & environmental conditions (pH 5.8; temperature 25°C; 16/8
h light/dark regime; 100 rpm) resulted in increased biomass growth (13.8+1.1g/L) and
Shikimic acid content (of 339.505+43.60mg/L). The Shikimic acid yield was further increased
by the combined addition of statistically optimized concentrations of selected elicitors (Casein
acid hydrolysate, CAH-0.80g/L), vitamin (Pyridoxine HCI, PHCL-8.85mg/L), and growth
factor (Gibberellic acid, GA3-0.80mg/L) into nutrient medium which resulted in enhanced
accumulation of biomass (13.8g/L) and Shikimic acid (487.22mg/L).

The batch cultivation of A. borneensis was performed in the (3L) stirred tank bioreactor using
statistically optimized medium recipe (WPM 2.4g/L, sucrose 33.61g/L, (NO3/NH4") (40:20)
4.33g/L, KH2PO4 0.09g/L, CaCl,.2H20 0.56 g/L, NAA 1.5mg/L, BAP 0.25mg/L, Charcoal 0.2
mg/L, CAH 0.8g/L, GA30.8mg/L, and PHCI 8.85mg/L) & optimal cultivation conditions (pH
5.8; temperature 25°C; 16/8 h light/dark regime; 100 rpm; aeration rate 0.2vvm), to establish
the kinetics of batch growth and shikimic acid production, which resulted in highest biomass
of 14.4g/L and Shikimic acid accumulation of 706.54mg/L after four days of cultivation.

The possible inhibition of major nutrients, Sucrose (S1) and Nitrate (S2) on the growth of Agathis
cells were examined during shake flask cultivation, wherein the maximum inhibitory
concentrations (Sm) with respect to Sucrose & Nitrate were identified as 100g/L & 16.5g/L. The
batch growth kinetics of A. borneensis along with independently acquired substrate inhibition
data was used to propose and identify the mathematical model. The batch model was, thereafter,
extrapolated to fed-batch cultivation conditions by addition of dilution terms and was used to
identify nutrient feeding strategy for enhanced biomass and Shikimic acid accumulation. It was

observed that feeding of sucrose at concentration of 100g/L & rate 0.015mL/min during 4™ day



to 7" day led to enhanced biomass (1.06 times) and Shikimic acid (1.14 times) concentrations
respectively.

Scale-up of Shikimic acid production of 3L to 100L bioreactor cultivation was attempted in
two steps (3L to 15L) and (15L to 100L) by maintaining identical geometrical and dynamic
similarities of the two scales of bioreactor cultivation. The scale-up of batch cultivation of
Agathis cells was attempted from 3L to 15L bioreactor using impeller tip velocity as scale-up
criteria using statistically optimized media. The reactor operating conditions (agitation speed
of 58 rpm and volumetric gas flow rate of 0.2vvm) corresponding to parametric indices
similarity test of scale-up criteria (under Il-test) were chosen for operation of 15L bioreactor
which upon experimental implementation resulted in relatively identical values of biomass and
Shikimic acid concentrations in both 3L and 15L bioreactors (14.4g/L in 3L vs 13.94g/L in
15L), (706.54mg/L in 3L vs 665.58mg/L in 15L).

The scale-up of the batch cultivation of Agathis cells was, thereafter, attempted from 15L to
100L bioreactor using constant Reynolds number as the scale-up criteria using statistically
optimized medium. The reactor operating conditions of 100-liter bioreactor (agitation speed of
58 rpm and volumetric gas flow rate of 0.2vvm) were identified by extensive scale-up
calculations using same Reynold number (Nre) criteria for the two bioreactor (15 & 100 liter)
cultivations, which upon experimental implementation in 100L bioreactor, resulted in almost
similar values of biomass (13.94+0.18¢g/L in 15L vs 13.93+1.03g/L in 100L) & Shikimic acid
concentrations (665.58+8.74mg/L in 15L vs 658.89+4.8mg/L in 100L). It is believed that the
developed optimized production protocol for mass production of Shikimic acid would

supplement the Shikimic acid availability for production of Tamiflu in society.
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Qv Volumetric gas flow rate
Kira Volumetric mass transfer coefficient
NRe Reynold number
IT Impeller tip velocity
C Blend time
XIS, Yield of Biomass with respect to Sucrose (g/g)
Yyis, Yield of Biomass with respect to Nitrate (g/g)
Ypis Product yield with respect to substrates (Sucrose or Nitrate)




Greek Letters:

u Specific growth rate (d!)

. Maximum specific growth rate (d™')

Wj Weight of each process variable

Aij Difference between the model and experimental values for i data point and j

process variable

X1





