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Bacterial cellulose (BC)

- Kombucha

First reported by
A.J. Brown, in 1886.

https://stock.adobe.com/search?k=%22nata+de+coco%22; ~ Brown. A.J., 1886. Journal of the Chemical Society,

https://legourmet.tv/recipe/how-to-store-vinegar-mother Transactions, 49, pp.432-439.
https://www.thekitchn.com/how-to-make-kombucha-tea-at-home-cooking-lessons-from-the-kitchn-173858;



https://stock.adobe.com/search?k=%22nata+de+coco%22
https://legourmet.tv/recipe/how-to-store-vinegar-mother
https://www.thekitchn.com/how-to-make-kombucha-tea-at-home-cooking-lessons-from-the-kitchn-173858

High-purity

High degree of crystallinity

Strong mechanical properties

High water-holding capacity

C.Haigler PhD dissertation
https://en.wikipedia.org/wiki/Bacterial cellulose



https://en.wikipedia.org/wiki/Bacterial_cellulose

Laboratory: Standardized culture medium

BC cultivation
Citric

Glucose | Yeast Peptone Na,HPO, cid

Industry & Circular economy

Nutrients

https://www.vox.com/2016/4/24/11488486/food-waste-solutions
https://www.shutterstock.com/search/agricultural-waste
https://www.shutterstock.com/search/water-pollution-drawing

Agriculture waste



https://www.vox.com/2016/4/24/11488486/food-waste-solutions
https://www.shutterstock.com/search/agricultural-waste
https://www.shutterstock.com/search/water-pollution-drawing

Oil can act as an oxygen transportation medium

Bacteria can
breathe from oil
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Under-liquid biofabrication




Perfluorocarbon (PFC) oil

« Exceptional oxygen dissolving and delivery capacity

— Gas-like liquids

Dissolved O,: 200 H,O molecules : 1 O, molecule
1/5 PFC molecules: 1 O, molecule

Perfluorochemicals Water
Fig.1 (A) PFD and PFOB are the most commonly used PFCs as oxygen of the O, capacity of water and perfluorochemicals. At the same pO,, the
carriers. (B) The carbon-fluorine-bond is extremely polarized; the proba- amount of O, dissolved in PFC is tremendously higher than the amount in
bility of the presence of the electron is on the fluorine side. (C) Illustration water. Figure created with Biorender.com

Jagers, Johannes et al., Pfliigers Archiv-European Journal of Physiology 473.2 (2021): 139-150.

Stabilized Electronically Modified Oxygen
Derivatives in a Bio Inert PFC Matrix,
DOI: 10.13140/2.1.1910.8648



Motivations for under-liquid biofabrication

(i) Evaporation issue

Difficulties in biosynthesizing small objects;

Shrinking, Wrinkling, and Tilting;

A layer of non-volatile oil could

eliminate evaporation:

Cultivation ~1-2 weeks

-

0)\

Evaporation




Motivations for under-liquid biofabrication

(ii) 3D biofabrication 2D-BC idisciofi 3D-BC
Film/Pellicle Liquld marble-templating

« BC grows at the air-water interface; F .
Emu\s‘o

« 3D biofabrication "
- The ability to shape the interface. \ !g

.
& t fodrh* ing Hy rogmggng

Oil-water interface is easier

to manipulate.

S | _

Rihs, P.A., et al., 2018. npj Biofilms and Microbiomes, 4(1), p.21. Manoukian, O.S., et al., 2019. Biomaterials for tissue engineering and regenerative medicine.
Schaffner, M., et al., 2017. Science advances, 3(12), p. eaao6804 Greca, L.G., et al., 2018. Materials Horizons, 5(3), pp.408-415.




Motivations for under-liquid biofabrication

(iii) Continuous production “Microbial Farm”-on-a-chip

» Massive continuous production;

« Homogeneous sizing;

e Multi-compartment design.

Microfluidic devices

https://www.genengnews.com/insights/microfluidics-stands-on-the-shoulders-of-microfab-giants/
He, F., et al., 2019. Advanced Materials Technologies, 4(6), p.1800687.



https://www.genengnews.com/insights/microfluidics-stands-on-the-shoulders-of-microfab-giants/

Under-liquid biofabrication

of BC films

Air (no oil)
Day 7 o
g Silicong__*f
é ! Cult_ure ol 7
U medum B Kol Boam] haBed Dodecane
5 _ Oil
;‘IU A
o) w! Culture
\_/ medium
Incubated at R.T. (~23°C) 5 i 5 8 10

Komagataeibacter medellinensis

Incubation time (days)



BC growth vs. Oxygen solubility

1.4 - : Best

S o Biomedical compatible
E 1.2- o Expensive
% « Silicones: Works well
.g 1.0 o Negligible viscosity impact at < 50 cSt
> o From the literature: More viscous (10° cSt) >
O 0.8- Much reduced dry weight []
0.027F * Hydrocarbons: Depends on chain length
0 1, , : , , , , : o C10 & C12 appear to be the best so far
0 100 200 300 400

Oxygen solubility in solvent (mLg,/Lq,4)

[1] Binelli, M.R., et al., 2022. Biomaterials Advances, 141, p.213095.



Freeze-dried BC films

BC film morphology

Medium side

Air/Oil side




Freeze-dried BC films

Fiber diameter: Air > > Silicone = Dodecane

D 30- ‘n=160

opa L lE
: ‘n=124

10 1 ] 1 1
AI r PeI’ﬂUOI'O- SI|ICOF|e Dodecane
decalin oll



Freeze-dried BC films

BET surface area: > Air = Dodecane = Silicone

N
o
o

—=— Air - 41.5 m?/g
Perfluorodecalin - 53.6 m?/g

—a— Silicone oil - 40.6 m?/g

—v— Dodecane - 41.2 m?/g

50 -

Quantity Adsorbed (cm?®g STP

o
1

B0 02 o4 05 08 10
Relative Pressure (p/p°)



Wet BC films

Data from XRD
Crl=55% 59% 62% 55%

Mechanical properties

Tensile stress (MPa)

Silicone oil ,.\35 v
0.5 © ' v
. A 3.0
0.4 1 gz 5.‘
. n
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Road map for under-liquid biofabrication

Bacteria can
breathe from oil
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W/O emulsion

O _0O (GIN() Capsules

O O

One pot bio fabrication of layered composites

> BC Membrane

\ Chemical X




BC shell structure

BC Capsules

W/O emulsion

OOO OOO Capsules

| biofabrication of Encapsulation of MOFs

BC capsules
= - _f
_

Scale bar = 500 ym

After bacteria/
protein removal
(NaOH, 60°C,
4 hr)

Decreasing droplet volume .
Scale bar =10 cm



Magnetic particles
I o
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Three-layer BC composites

Air T

<[> BC Membrane
"\ Chemical X

Air side PFC side Cross-
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Conclusions

Under-liquid biofabrication provides a robust routine
to produce 3D bacterial cellulose (BC)

> Silicone oil > Hydrocarbon oil

Towards 3D biofabrication

o Water-in-oil (w/0) emulsions: BC capsules

o New interface: Three-layer BC composites

Bacteria can
breathe from oil
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