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@ Immobilized Biocatalysts in Bioethanol Production JL vnersivor
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O Assist yeast tolerance

O Enhance ethanol production

rate and yield

[ Stable product formation

O Easy cell recirculation

O Entrapment in alginate beads

O Poor mechanical properties

O Novel eco-friendly and cost-

effective rigid carriers
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‘¥{) Biochar as a Carrier for Biocatalyst Development JIL &
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Potential for Cell Attachment
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Saccharomyces cerevisiae vs Pichia kudriavzevii L G

Immobilized S. cerevisiae
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S. cerevisiae BBBs at Elevated Temperatures
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37, 39 & 41 °C to assess thermotolerance

Synthetic Citrus Peel Waste-based hydrolysate

CHANIA 20253

Time [h]

Reduced bioethanol production at 41 °C
Productivity of last 3 batches (41 °C)

o BBB:5.1-5.7gL1ht

o Freecells: 3.3-3.7 gL' h'!

Maximum bioethanol concentration at 41 °C
o BBB:51.6gL"

o Freecells:32.4gL! 3
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O% BBBs vs Suspended Cultures in CPW Biorefinery Hydrolysate ][ S
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Bioethanol & Glucose Conc. [g L] o

Bioethanol & Glucose Conc. [g L]
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From the macro-scale to molecular mechanisms
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Metabolic responses in S. cerevisiae
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Sensing systems and complex signalling networks responding
to variations in:

Temperature, osmolarity, inhibitors, etc.

Biochar confers stress multi-tolerance?
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TPS: controlling trehalose synthesis

Metabolic Responses /

O Heat shock response  mp- HSF1: regulated by trehalose encoding

for heat shock transcription factor
O Ethanol stress response _ . .
HSP104: refolding of misfolded proteins
L Osmotic stress response

L Oxidative stress response

30°Cand 39 °C

Similar results using free cells for 30 °C and 39 °C

BBB vs free cells at 39 °C
39glLlvs34glL?
7.7gL1htvs2.0glLtht
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“ Expressmn from the Heat Shock Response Pathway JIL Syt
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Expression from Genes Induced by Oxidative Stress
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 Reactive oxygen species during heat shock

O Oxidative stress expressed by the MSN2/MSN4 system

L MSN2: 2.0-fold increase in free cells and 0.3-fold decrease in BBB
L MSN4: 2.7-fold increase in free cells and 1.4-fold increase in BBB
[ Stress induction in free cells

O Biochar protects S. cerevisiae enhancing tolerance to oxidative

stress
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Ethanol stress induces heat shock proteins (HSP) similarly to heat shock

HSP12 and HSP104 confirmed to influence yeast tolerance to ethanol
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.}{) S. cerevisiae Fermentations Under Osmotic Stress JL P
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Osmotic stress response signalling pathway regulates osmoprotection

Proline accumulation:

Membrane stabilizer

Glucose conc. [g L]

Protein folding chaperone

Reactive oxygen species scavenger

CHANIA 2023 18



3.0 -
o) ] a
$ 2.5 ]
e ]
5 2.0 1
g_ ]
= 1.5 b
2 ] b b
° -
: 1'0: { I bc
£ ] ¢
S 05 - I I
o ]

0.0 -

0h | 6 h | 12 h 0Oh | 6 h | 12 h
Free cells Immobilised cells

CHANIA 20253

N e Cyprus

Accumulation of Intracellular Proline by Osmotic Stress [ i

1 M NaCl, 70 g L! glucose, 30 °C

Intracellular proline in free cells reached 2.5 umol g wet
biomass

Increase of intracellular proline in BBB was not significant

At least 2-fold higher proline accumulation in free cells

Cells tackle the inhibition resulting in reduced bioprocess
performance
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Glucose sensing, signalling and bioconversion
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B3 Conclusions & Future Plans ][ e

o Biochar includes advanced characteristics for immobilization

o Different raw materials — different properties

o Different strains — different efficiencies

o Enhanced ethanol production

o High ethanol productivity via S. cerevisiae at elevated temperatures

o Immobilization conferred cells with multi-stress tolerance (heat tolerance, ethanol tolerance, osmotolerance)

o Tailor-made (nano)biochar for cells and hydrolytic enzymes immobilization
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