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Abstract — Plant biomass is a commonly known source of pharmaceutically valuable compounds. The
study aimed to investigate the influence of wave-type agitation conditions on the proliferation of
Ringera graeca hairy roots in the disposable bioreactor. Transgenic roots morphology, fresh biomass
increases, and yield of extracellularly secreted bioactive compounds have been recognized.
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Introduction

Plant biomass is a commonly known source of pharmaceutically valuable compounds
exhibiting a range of biological activities [1]. In vitro cultures of plant biomass are mainly
performed as small scale bioprocesses, e.g., in Erlenmeyer flasks, in which aeration of culture
medium is far insufficient. A low level of oxygen dissolved in culture medium significantly
limits biomass proliferation and might strongly impact on metabolic pathways [2]. Disposable
(single-use) bioreactors are recognized as suitable systems for increasing and controlling level of
aeration in cultures of isolated plant cells, tissues, or cultures. In such approaches, agitation is
achieved by continuous horizontal oscillation movement of the whole disposable container fixed
in a rocker unit. Under gentle conditions of continuous rocking, the interfacial area formed
between the gas and culture medium is renewed by waving and therefore the bubble-free surface
aeration of the liquid phase is successfully accomplished. Simultaneously, the generated waves
induce agitation of large volumes of culture medium and facilitate the dispersion of medium
components, enhancing the homogeneity of the culture microenvironment [3]. The aim of the
study was to investigate the proliferation of Ringera graeca transgenic roots in the disposable
bioreactor. The influence of basic operational parameters defining wave-assisted agitation, i.e.,
angle (a) and frequency (w) of oscillations, on transgenic roots morphology, fresh biomass
increase (FB), and yield of extracellularly secreted secondary metabolites (Cng), has been
recognized.

Materials and methods

ReadyToProcess WAVE™ 25 bioreactor system (WAVE 25) equipped with 2 dm3
disposable bag-like container (Cellbag™ 2L), has been applied for bioprocessing of Rindera
graeca hairy roots at the following ranges of the operational parameters: a = 2 - 10° and
o = 10 - 40 min. Hairy roots of R. graesca were maintained for 28 days at 25 °C, with
harvesting samples of culture medium twice a week. Lyophilized and micronized hairy roots, as
well as samples of culture medium, were extracted with organic solvent and the level of
naphthoquinone-analogues secondary metabolites has been chromatographically analyzed.



Results

The values of FB and Cng noted for R. graeca hairy roots cultured in WAVE 25 at various
conditions of continuously rocking resulted in wave-type agitation has been shown in Table 1.

Table 1
The values of FB and Cngq noted for cultures of R. graeca hairy roots in the WAVE 25 system

conditions of wave-type agitation FB Cnag
a[°] ® [min™] [-] [ng]

10 1.85 420.0

6 20 5.38 134.8

30 1.50 75.12

40 disintegration of biomass

2 8.14 384.8

4 6.22 228.2

6 20 5.38 134.8

8 3.84 85.93

10 1.78 40.68

In the case of cultured transgenic roots morphology, two different morphological forms
have been observed: highly ramified and compact structures. For cultures maintained at o < 6°
and w < 20 min? the morphology was highly ramified, as for typical cultures performed in
Erlenmeyer flask. But in other cultures, the hairy roots agglomerated into compact structures.

Conclusion

Morphology of transgenic roots strongly depended on conditions of wave-assisted agitation
supported by the WAVE 25 bioreactor system. Hairy roots grew as typical highly ramified
biomass at low sets of o and ®. Intensified wave-assisted agitation resulted in the agglomeration
of hairy roots into compact structures. The highest increase of R. graeca transgenic roots fresh
biomass, i.e., over 800%, has been observed for cultures performed at o = 2° and = 20 mint. In
the case of secondary metabolites secretion, the highest level of naphthoquinone-analogues, i.e.,
420.0 pg, has been observed for cultures performed at o = 6° and @ = 10 min™,
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