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=PFL  Anatomy of the eye

Lacrimal gland
Conjunctiva

» Surface of eye and inner eyelid are covered by a clear
membrane called a conjunctiva

-Cornea . .
» Tear film consists of 3 layers

e—Mucous * Mucous layer (conjunctiva)
ayer « Watery layer — produced by lacrimal gland
o—\Watery » Oil layer — produced by meibomian gland (keeps tears

layer

—Qil
layer

from drying out too quickly)

» Tears drain from eyes from the tear duct

Meibomian glands

B MSE 493

Anatomy of the eye



https://www.aao.org/eye-health/anatomy/parts-of-eye

=P7L Anatomy of the eye - front of the eye

B MSE 493

Drainage angle

Cornea Iris

Anatomy of the eye

Light is focused into the eye through the cornea
(transparent, dome-shaped)

Anterior chamber behind the eye filled with fluid called
aqueous humor — constant eye pressure (balance of
production and drainage)

Iris and pupil behind anterior chamber — iris (colored part of
eye) has muscles that dilate and constrict to open and
close the pupil and control the light coming to the back of
the eye

The lens is right behind the pupil — the lens changes shape
to help the focus the light entering the eye, toward the back
of the eye


https://www.aao.org/eye-health/anatomy/parts-of-eye

=P7L Anatomy of the eye - back of the eye
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Photoreceptor cell

Cone cell

Anatomy of the eye

Vitreous cavity between the lens and back of eye, filled
with the vitreous humor (jelly-like)

Light focused onto the retina by cornea and lens onto
retina

Retina is a light-sensitive tissue that lines the back of the
eye

Photoreceptors in the retina change lights into energy that
is transmitted to the brain via the optical nerve

Photoreceptors: Rods and cones
Rods — black/white

Cones — color


https://www.aao.org/eye-health/anatomy/parts-of-eye

=PrL Eyesight

Correctly focused

Focused in front of retina
Near-sighted (light refracted too much)

PR Focal point behind retina
a2 Far-sighted (light refracted too little)

Refractive error

B MSE 493


https://en.wikipedia.org/wiki/Refractive_error
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OCTOBER1,2024 | 7 MIN READ

The Nearsightedness Epidemic Has Become a
Global Health Issue

Myopia is projected to affect half of the world’s population by 2050. A new
report says it needs to be countered by classifying it as a disease and upping
children’s outdoor time

Why? Too much time spent indoors
Outdoor light has a more varied “visual diet”

B MSE 493

https://www.scientificamerican.com/article/nearsightedness-has-become-a-global-health-issue/
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Corrective lenses




Far-sighted

Near-sighted

Irherent growth factars faciate chendrooye
functanaliy. Vigble chandrocytes Qenersts
axpraceluiar matrix protaing promoiing
chandrogeaesis by signaling the host colls to
differentiate intn chondrocytes



http://www.scientificanimations.com/wiki-images/

cPrL Dry eyes

Symptoms
= Not enough tears produced

= Tears evaporate too quickly

Dryness, redness, discharge
Blurred vision

Causes

Tear film instability

._ Increased risk to damage the ocular
' surface

N
2

Age

Various deficiencies/illnesses
Side effects of medications
Laser surgery

Contact lenses

Screen use (we blink less)

)

b4
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https://onlinelibrary.wiley.com/doi/full/10.1111/a0s.15675
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=P7L " Dry eyes - topical treatments

1 5 Anti-inflammatories

Viscosity enhancing
agents

= Natural and synthetic polymers
and emollients

= Benefits to ocular surface:
* Improved viscosity

Lipid supplementation * Improved surface adhesion
* Improved tear-film distribution,
B o lubrication, retention time

» Decreased evaporation

B MSE 493

https://onlinelibrary.wiley.com/doi/full/10.1111/a0s.15675
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=P7L " Hyaluronic acid

D-glucuronic acid

c = Anionic, non sulfated, glycosaminoglycan

= Distributed widely throughout connective,
epithelial, and neural tissues

i OH
~owﬁ = Used medically to treat osteoarthritis of the
HO 0 - knee, wound healing, as a cosmetic filler,

OH |
0
D:{'H and to treat dry eye
- > 1n

P

= Described as “goo” molecule until late
1970s — ubiquitous polymer in ECM

N-acetyl-D-glucosamine = Role in lubrication and tissue repair, etc.,

B MSE 493

https://onlinelibrary.wiley.com/doi/full/10.1111/a0s.15675



=PFL Hyaluronic acid for dry eye
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Callirin lubrificante

Imcasa i sersasions di carpo
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Naturally occurring (including in vitreous
humor, cornea, and tear film)

Varying MW
Properties for dry eye treatment: water
retention and lubrication, reduces shear

force on ocular surface, provides anti-
inflammatory and antioxidant effects

HA drops are often used as a control when
assessing the safety and efficacy of new dry
eye treatment options due to long history of
safety and efficacy in opthamology

https://onlinelibrary.wiley.com/doi/full/10.1111/a0s.15675

https://www.nature.com/articles/s41598-022-21330-0

13


https://onlinelibrary.wiley.com/doi/full/10.1111/aos.15675

™
o
2
L
n
=
|

Self-lubricating, Living
Contact Lenses

Onto the paper...

=
-

Speaker



=PrL

B MSE 493

ADVANCED MATERIALS

JOURNAL METRICS >
Online ISSN: 1521-4095
Print ISSN: 0935-9648

Editors-in-Chief: Irem Bayindir-Buchhalter, Esther Levy, Deputy Editors: Geraldine Echue,
David Huesmann, Duoduo Liang, Sneha K Rhode, Bo Weng

© Wiley-VCH GmbH, Weinheim

ABOUT v CONTRIBUTE v BROWSE v SPECIAL FEATURES v

Advanced Materials, one of the world's most prestigious journals and the foundation of the
Advanced portfolio, has been the home of choice for best-in-class materials science for
decades.

Following this fast-growing and interdisciplinary field, we are considering and publishing
the most important discoveries on any and all materials from materials scientists,
chemists, physicists, engineers as well as health and life scientists and bringing you the
latest results and trends in modern materials-related research every week.

The Advanced portfolio from Wiley is a family of globally respected, high-impact journals
that disseminates the best science from well-established and emerging researchers so
they can fulfill their mission and maximize the reach of their scientific discoveries.
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RESEARCH ARTICLE

ADVANCED
MATERIALS

Editor’s Choice

Self-Lubricating, Living Contact Lenses

www.advmat.de

Maria Puertas-Bartolomé, |zabook Gutiérrez-Urrutia, Lara Luana Teruel-Enrico,

Cao Nguyen Duong, Krupansh Desai, Sara Trujillo, Christoph Wittmann,

and Ardnzazu del Campo*

The increasing prevalence of dry eye syndrome in aging and digital societies
compromises long-term contact lens (CL) wear and forces users to regular
eye drop instillation to alleviate discomfort. Here a novel approach with the
potential to improve and extend the lubrication properties of CLs is presented.
This is achieved by embedding lubricant-secreting biofactories within

the CL material. The self-replenishable reservoirs autonomously produce

and release hyaluronic acid (HA), a natural lubrication and wetting agent, long
term. The hydrogel matrix regulates the growth of the biofactories and the HA
production, and allows the diffusion of nutrients and HA for at least 3 weeks.
The continuous release of HA sustainably reduces the friction coefficient of the
CL surface. A self-lubricating CL prototype is presented, where the functional
biofactories are contained in a functional ring at the lens periphery, outside

of the vision area. The device is cytocompatible and fulfils physicochemical
requirements of commercial CLs. The fabrication process is compatible with
current manufacturing processes of CLs for vision correction. It is envisioned
that the durable-by-design approach in living CL could enable long-term

wear comfort for CL users and minimize the need for lubricating eye drops.

management, digital medicine, and
communication.'!! The transfer of this
vision into widely accepted user products
demands CL materials with the highest
and most durable comfort.?! In soft CLs,
user comfort depends on the capacity of
the CL material to retain moisture, provide
high lubrication, and avoid adsorption of
tear fluid molecules on the CL surface,
among other factors.?] Wettability and
water retention in CLs have been sig-
nificantly improved in commercial CLs
by grafting hydrophilic polymer layers,
surfactants, or lipids on the surface of
the lens (e.g., MoistureSeal, Aquaform or
Hydraluxe technologies, among others)./*!
Alternative academic approaches have been
recently suggested based on embedded
electronics!®! or engraved microchannels!®!
to transport and retain tear fluid at the
eye—lens interface.

16
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ADVAN
RESEARCH ARTICLE MATER ALS
Editor’s Choice www.advmat.de

Self-Lubricating, Living Contact Lenses

Maria Puertas-Bartolomé, |zabook Gutiérrez-Urrutia, Lara Luana Teruel-Enrico,
Cao Nguyen Duong, Krupansh Desai, Sara Trujillo, Christoph Wittmann,
and Ardnzazu del Campo*

M. Puertas-Bartolomé, L. L. Teruel-Enrico, C. N. Duong, K. Desai, e Collaboration between research
S. Trujillo, A. del Campo . . . .

INM-Leibniz Institute for New Materials institute and unlverS|ty

Campus D2 2, 66123 Saarbriicken, Germany e Two university departments:

E-mail: aranzazu.delcampo@leibniz-inm.de

M. Puertas-Bartolomé, A. del Campo ChemIStry and SyStemS

Chemisty D?Paﬁtr;em Biotechnology
aarland Universi : -
66123 Saarbriicken, Germany * Prof (del Campo) IS dOUbly affiliated

l. Gutiérrez-Urrutia, C. Wittmann
Institute for Systems Biotechnology

Saarland University https://www.leibniz-inm.de/en/about-inm/
Campus A15, 66123 Saarbriicken, Germany

https://www.uni-saarland.de/en/home.html|
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We study and orchestrate how synthetic materials
interact with living cells. We engineer cell-
instructive environments and material-based
solutions for zero-waste therapeutic solutions.

Our group develops hydrogel materials with programmed and tunable properties designed
to encapsulate and instruct living cells. We study how living cells and inert matter interact
and how these interactions can be exploited to direct cellular functions and ultimately
result in therapeutic advantages. We cooperate with synthetic biologists, biophysicists,
drug developers and clinicians to explore the application potential of our developments,
with a focus on new materials for ophthalmic drug delivery. We contribute to INM'’s
competence fields opto-interactive and bio-intelligent materials. Our research addresses
biomedical needs.

See! Research
is fun!

Interactions between
synthetic materials and
living cells

Why? Therapeutic

18
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Actin-templated Structures: Nature's Way to Hierarchical Surface Patterns (Gecko's
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Living contact lenses -
abstract/introduction

Why even do this study?

= Dry eye syndrome! Oh non! (It's actually serious)
= Compromises long term-contact lens wear
= Users require eye drops to alleviate discomfort

20
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Living contact lenses -
abstract/introduction Hint!

Biofactory = bacteria

So what did they do?
= Embedded a lubricant secreting “biofactory” with the CL
= Self-replenishable

= Hydrogel matrix regulates the growth of the “biofactories” and the HA
production, and allows the diffusion of nutrients and HA for at least 3
weeks

= Continuous release of HA reduces the friction coefficient of the CL
surface

= prototype is presented, where the biofactories are contained in a
functional ring at the lens periphery, outside of the vision area

21
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=F7L  Living contact lenses -
abstract/introduction

rrrr
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Functional Ring

- PVAVS/PVA
““bacterial hydrogel

Field of View“m"'"

Transparent
PVA-VS hydrogel

“
Vinylsulfonated f\/l- o—0 /-‘\-—

poly(vivyl alcohol) Poly(vinyl alcohol) Cross-links Corynebacterium Hyaluronic
(PVA-VS) (PVA) Acid



=F7L  Living contact lenses -

reSllltS C. glutamicum Prospective bacterial and fungal sources of HA 2022

» Corynebacterium glutamicum

« Gram-positive

* Rod-shaped

« Used for large scale
production of various organic
chemicals, such as organic
acids, alcohols, amino acids

* No exdotoxins

« GRAS

B MSE 493

| | WD =125 mm Mag= 10.00K X



https://en.wikipedia.org/wiki/Corynebacterium_glutamicum
https://www.sciencedirect.com/science/article/pii/S2001037022005074

=PFL  HA MWs produced from

B MSE 493

variuus snurces Prospective bacterial and fungal sources of HA 2022

) streptococci

a gram-positive

G ) gram-negative
5

B fungi

. Ecdi ;
B. subtilis
L. lactis

C. glutamicum

3
% S. zooepidemicus

0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0
MW (MDa)

24
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GRAS = Generally "
recognized as safe

"GRAS" is an acronym for the phrase Generally Recognized As Safe.
Under sections 201(s) and 409 of the Federal Food, Drug, and Cosmetic
Act (the Act), any substance that is intentionally added to food is a food
additive, that is subject to premarket review and approval by FDA, unless
the substance is generally recognized, among qualified experts, as having
been adequately shown to be safe under the conditions of its intended
use, or unless the use of the substance is otherwise excepted from the
definition of a food additive.

https://www.fda.gov/food/food-ingredients-packaging/generally-recognized-safe-gras
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Living contact lenses -
the bacteria

= C. glutamicum DSM 20300 :

o \ﬁIVXd type genetically engineered to secrete

= Step 1: eliminate native /dhA gene encoding
lactate dehydrogenase to prevent
accumulation and secretion of lactate under
oxygen- I|m|t|n? conditions (mutant C.
glutamicum AldhA)

= Step 2: expressed the two-gene biosynthetic
cluster hasAB from Streptococcus equisimilis, y
encoding HA synthetase and UDP-glucose
dehydrogenase, respectively, in the mutant to
enable HA production

Breaking it down:
hasA makes the enzyme
that produces HA (HA
synthetase)
hasB makes the enzyme
that creates one of the HA
building blocks (glucuronic
acid)

« Promoter Ptufis a
constitutive promoter,
upsteam of hasAB;
constitutive means that the
gene is turned on all the
time, for continuous HA
production
ON switch (Ptuf) — gene 1
(hasA) — gene 2 (hasB)
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HA concentration [mg mL"™"]

1— v Bacterial suspension
160 -
" I
120 - -
/
80 -
v
40 - /
|4
Ofvw v
0 10 20 30 40
time [h]

50

27

Showing that HA is produced
in suspension culture

Seems to need about 10 h

Figure S1: Cumulative HA concentration released in the medium from suspension culture of

the engineered HA producer C. glutamicum. No medium change was performed during the

incubation time. HA concentration was measured by GPC analysis of the supernatant.



=P7L  Living contact lenses -
the hydrogel

-~ /\// PVAC Ethanol
[CH,CH(OAC)], + C,H,OH —
. HO, [CH,CH(OH)],, + C,H-OAC
PVA Ethyl acetate

« Based on polyvinyl alcohol * Not produced by monomer polymerization —
« Water soluble monomer vinyl alcohol is thermodynamically unstable
« Synthetic » Produced by the hydrolysis of polyvinyl acetate
« Highly used in different areas * Properties defined by MW and degree of
« Biocompatible hydrogels, also used in deacetylation

contact lenses * More hydrolysis = water soluble; and vice versa

B MSE 493

PVA or PVOH



https://en.wikipedia.org/wiki/Polyvinyl_alcohol:%7E:text=Polyvinyl%20alcohol%20(PVOH%2C%20PVA%2C,of%20coatings%2C%20and%203D%20printing.

=F7L  Living contact lenses -
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the hydrogel

a) W Q.‘\\ NaOH *\]/I/\]/{/ o
n m + o P +
OH 0 [o] \\\‘/ls\g/‘\x\ Lt OH 0 /”\OH
~F o) \L
e PVA-VS o
=,
Obé’ b
b c
) Lala, ) —s— PVA Mowiol 18-88
on oy S op ] PVAVS Mw 177210, PDI 3.7
2 5 Mw 151680, PDI 3.0
’ 3
H;0 . g 154
&
3 | £ 10
| 2
|| 'I E
4 [ ]| 2 F. | g 31
" I _J__l—_x T E
_— 0

7 8 9 10 11

Elution volume [mL]
Figure S2: a) Chemical functionalization of PVA with divinylsulfone (DS) to form vinyl
sulfonated poly(vinyl alcohol) (PVA-VS). b) 'H-NMR spectrum of PVA-VS in D;O. The
integrals of the vinyl signals indicate a 1.5 +0.2% degree of VS modification. ¢) GPC elugram

of PVA (Mowiol 18-88) and PVA-VS showing no significant changes in the molecular weight

distribution after the VS-functionalization reaction.

Hydrogels contained PVA and
modified PVA-vinyl sulfone (VS)

Is PVA-VS ok for contact lenses?

PVA-VS can be crosslinked with
light with LAP as photoinitiator

Non-crosslinkable PVA is
included to modulate the porosity
of the hydrogels

Screening results: 5-10% w/v
PVA-VS with 1.5% degree of VS
functionalization gives
mechanically stable and
transparent hydrogels

Bacteria could grown in these
gels (data not shown)

29



=F7L  Living contact lenses -
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the hydrogel

Table 1. Physicochemical properties of PVA-VS/PVA hydrogels and the commercial PVA-based Focus Dailies CL (Alcon) measured in STF.

Material Polymer Equilibrium water Oxygen permeability Water contact Transmittance Refractive Storage modulus
content [% w/v] content (EWC) [%] D, [barriers]? angle [°] [26]t index G’ [kPa]”
Focus Dailies - 61+3 19+2 28+ 4 >99 1.380 156 +0.2
PVA-VS/PVA 100:0 10 37.5+059 539 +24 29+ 13 99.1+0.5 1.336 179+ 0.1
PVA-VS/PVA 100:0 5 361+ 06 50915 23+7 98.4 + 0.6 1.334 22+03
PVA-VS/PVA 99:1 5 26.6 + 1.7 521+28 2243 98.4 + 0.3 1.333 1.6 +0.2
PVA-VS/PVA 95:5 5 353 +05 49.4 + 1.1 2341 98.7 + 0.8 1.334 1.5 +0.1

b } .
? Caleulated from EWC measurements:  Value at 600 nm; 9 Obtained from time sweep measurements.

«3) Calculated from EWC measurements;
b Value at 600 nm;

«¢) Obtained from time sweep measurements.

Big table of properties, not super visual — can | make it clearer?

30



=7L  Living contact lenses - effect of polymer content
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Equilibrium water content (%)

Transmittannce (%)

100
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Focus Dailies 10% - PVA-VS/PVA 5% - PVA-VS/PVA 100:0
100:0
Focus Dailies 10% - PVA-VS/PVA 5% - PVA-VS/PVA
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N
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Oxygen permeability
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o o

-
o
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18
16
14
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10

Storage modulus (kPa

o N A~ O

Focus Dailies

10% - PVA-VS/PVA 5% - PVA-VS/PVA 100:0

100:0

Focus Dailies

10% - PVA-VS/PVA
100:0

5% - PVA-VS/PVA 100:0

Only see
effect of 5
vs.10% in G’
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=PFL  Living contact lenses - effect of free PVA

100
90

80
70 :
60
50
40
30
20
10
0 0

Focus Dailies PVA-VS/PVA PVA-VS/PVA 99:1 PVA-VS/PVA 95:5
100:0

60

(o))
o

N
o

Oxygen permeability
N w
o o

Equilibrium water content (%)

-
o

Focus Dailies PVA-VS/PVA  PVA-VS/PVA 99:1 PVA-VS/PVA 95:5
100:0

« All at 5%
» No big diff
* Not exactly

tunable...

N
oo

100.5

N
(]

100

N
N

99.5

99
98.5
98
97.5
97 2 -
96.5 0 - -

Focus Dailies PVA-VS/PVA PVA-VS/PVA PVA-VS/PVA Focus Dailies PVA-VS/PVA  PVA-VS/PVA 99:1 PVA-VS/PVA 95:5
100:0 99:1 95:5 100:0

-
N

N
o

Transmittannce (%)
Storage modulus (kPa)
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=PFL - Transparent & soft
lenses - 5% free PVA

Leibniz-Institut fiir Neue Materialien

B MSE 493

+ PVA-VS/PVA 100:0

hydrogel discs

e Scale=1cm

33



=F*L PVA leaching
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Intensity

PVArelease in STF at 30 °C for 3, 5, 7, 14, and 21 days

(e )] o -
* x 4
==N — =1
(=) o (=}
L) L] [38 ]
1

| —8—PVA-VS/PVA 100:0

—a— PVA-VS/PVA 99:1

1 —e—PVA-VS/IPVA 955

*

GPC (gel permeation chromatography) of supernatant

—=— PVA standard 0.54 mg/mL
—e— PVA-VS/PVA 100:0

| —— PVA-VS/PVA 99:1

—— PVA-VS/PVA 95:5

b)
5
£
g
£ u 500 No PVA release in
% | S 100-0; all xlinked
7]
‘§ 4x1073 & |
e . <25% PVA loss in
8 2x103- 1% and 5% free
S PVA - mostly
0.0 . : . : .
0 < ———————— 10 15 20 25 entrapped
0 2 4 6 8 10 12 14 16 18 20 22

" Elution time [min
time [days] [min]
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https://en.wikipedia.org/wiki/Gel_permeation_chromatography

=PFL  Protein diffusion through hydrogels - 12.3-
160 kDa mixture - = Iy

BCA assay L ar
Positive 95:5 100:0 100:0 Positive 955 100:0 100:0

Ladder Control 5% 5% 10%  Control 5% 5% 10%
ac

n
2 -
0 -
"
® «—BSA
1 | — < Egg albumin
c b - — ‘<+—Aldolase (4 subunits)
" - i
e
7 - -—. — — — "« ChymA

— — Maximum concentration
—&— Control "
- - Wi . <« Myoglobin

< cytc

7 days 14 days

'Posillve 95:5 100:0 100:0 Positive 95:5 100:0 100:0
Ladder Control 5% 6% 10% Control &% 5%  10%

+—BSA

150 -

T e el +—ChymA

E - ’
100 - - — — e — < Myoglobin
- +OR e
— -

21 days

Positive  95:5 100:0 100:0
Control 5% 5% 10%

—e— PVA-VS/PVA 100:0 (10%)
—=— PVA-VS/PVA 100:0 (5%)
—o— PVA-VSIPVA 955 (5%)

0 2 4 6 8 10 12 14 16 18 20
Diffusion time [days]

n
o=
I

e ZEBE

+—BSA

Total protein concentration [ug m

~+—ChymA

— — Myoglobin
- ‘ e — L e

« Used BCA assay to detect total protein i
concentration in supernatant

B MSE 493

+—Egg albumin
Aldolase (4 su

+—Egg albumin
< Aldolase (4 sul

units)

units)
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N N N
N ESN ()]

N
o

Diffusion time (days)

Porosity of hydrogels by
diffusion

12.3

17.8

25 45
Protein Mw (kDa)

67

160

m PVA-VS/PVA 95:5 (5%)
m PVA-VS/PVA 100:0 (5%)
m PVA-VS/PVA 100:0 (10%)

36

All proteins were able to diffuse through the
5% wi/v hydrogels, indicating that the pores of
the network are larger than 160 kDa

Proteins with molecular weight <25 kDa
diffused through the hydrogels within 4 h

Proteins with size >25 kDa required 4 h to
diffuse through the hydrogel that included
non-crosslinked PVA, and 1 to 14 days when
the PVA-VS content increased from 5% to
10% wiv
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Living hydrogel -
5% w/vPVA-VS/PVA 95:5

Live Dead

L ; 'n,l ___:'i
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10 pm

« Growth of bacteria in the hydrogel during incubation in medium for 21 days
at 30 °C was monitored by fluorescence imaging after Live/Dead staining
(time scale relevant to real life CL use —weekly/monthly)

B MSE 493

C. Glutamicum mixed
with hydrogel
precursor solution
Photo crosslinking in
mold

Contact time of
bacteria and
precursors <1 min
(177 kDa polymers
not expected to
penetrate Gram
positive bacteria in
this time scale)
Expect that the
bacteria is entrapped
not crosslinked

37



P71 Living hydrogel - 5% w/v PVA-VS/PVA 95:5
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b)

From Live/Dead
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12000 ~
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S
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[==]

©® - Bacterial PVA-VS/PVA 95:5 hydrogel

/

Induction time
of days

instead of
hours due to
spatial
confinement

s
le--9o----@

0 2 4 6 8 10 12 14 16 18 20 22

time [days]

¢)

Bacteria viability [%]

120

100+
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80
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From Live/Dead

]- Bacterial PVA-VS/PVA 95:5 hydrogel

time [days]

=B

Bioluminiscence [riu]

)

3x10°

From 3D bioluminescence assay

2x10° 4

1x10°

0_.
0 2 4 6 8 10 12 14 16 18 20 22

# -~ Bacterial PVA-VS/PVA 95:5 hydrogel
l Buffer exchange

-

time [days]

Estimates by image analysis show induction, growth, and steady-state over several days (b)
Viability was high over 21 days (a, c)
Metabolic activity by quantifying ATP in hydrogels using a 3D viability assay (d) — indicates an
increase in metabolic activity during the first week followed by a constant value at longer times
Conclusion — hydrogel system supports the spatially contained growth and activity of the bacteria
for at least 3 weeks
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Release of HA from living hydrogel -

5% w/vPVA-VS/PVA 95:5

a)

Cumulative HA concentration [mg mL™"]

o
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o
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o
~
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o
v ]
I
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0.04
0 2 4 6 8 10 12 14 16 18 20 22

— o— Bacterial PVA-VS/PVA 95:5 hydrogel

Buffer exchange 4

time [days]

GPC of supernatant

HA with a MW of 30-70 kDa was
detected after 14 h

C. glutamicum in PVA-VS
hydrogels to produce and release
HA

HA standard 0.5 mg/mL
417 PVA standard 0.5 mg/mL

| —=— Bacterial hydrogel release day 3
—=— Bacterial hydrogel release day 7
—=— Bacterial hydrogel release day 14

HA

RI signal

8 10 12 14 16 18 20

Elution time [min]

Figure S10. Representative GPC chromatograms of supernatants of PVA-VS/PVA 95:5
bacterial hydrogels after 3, 7, and 14 days of incubation. The chromatograms of standard HA
(0.5 mg/mL) and PVA (0.5 mg/mL) solutions are also shown.
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5% w/vPVA-VS/PVA 95:5

b) o008

B PVA-VS/PVA 100:0 in medium
| %% PVA-VSIPVA 100:0 in STF
0.06 - = PVA-VS/PVA 95:5 in medium

' 7777 PVA-VSIPVA 95:5 in STF « GPC of supernatant

» More production of SA in medium
than in STF (simulated tear fluid)

e Addition of non-crosslinked PVA,
increases rerelease of HA,
attributed to greater growth of
bacteria and faster diffusion in less

crosslinked media

HA concentration [mg mL™"]
O
o
B

0.00 l"‘"
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=Pl Self-lubrication properties of
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living hydrogel

c) 25%~75% w
0.5 - Range within 1.51QR 2
Median Line 4
Mean 1 =
0.4 1 Qutliers !
0.3-

=
]
1
E-2-2 %
(s}
.

Coefficient of friction, p

®
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=
o

Day! Day3 Day?7 Day! Day3 Day7

Day! Day3 Day7

Hydrogel Hydrogel with

Corynebacterium Corynebacterium

WT

Hydrogel with

HA
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5% wiv PVA-VS/PVA 95:5

Control is WT which does not produce
HA and empty hydrogel

Hydrogel disk attached to upper plate of
rheometer and torque measured against
steel bottom plate in the presence of the
corresponding supernatant while an
angular for is applied

WT show an increase in friction
coefficient, attributed to the release of
metabolites and proteins that can interact
with the hydrogel

Opposite is seen for HA producing
hydrogels! Self-lubrication!
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=PFL  Self-lubrication properties of
living hydrogel

0.25
d) 25%~75%
' Range within 1.51QR
=0.20- Median Line
S Mean « Compared to commercial lenses
s Qutliers
"E 0.15- - « Measure in supernatant after 7 days
(»)
‘E‘ 0.10- » Also in this case, the friction coefficient of
;. the CL surface significantly decreased
E when measured in supernatant,
8 0.05- corroborating the lubricating properties of
— the secreted molecules/HA
0.00 . .

Commercial PVA-based Commercial PVA-based
CLin STF CL in supernatant from

living hydrogel
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Why a ring? 23

Why the different hydrogel

formulations?
prototype

* 1t mold 5% hydrogel
a) | | (free PVA) containing
' bacteria in ring (10 mm

- _;;E e diameter)

« 2" embed ring in 10 %

b 2 3 4 -:E.--"
Akt bo o PRSI CreAaniing Abre} ranaler and sddion of WD Jeln]s & ed Contim L hyd rogel (no free PVA)
basieegl soludicn PN Erarmaparerd sodif kon Lreaplanking
Ly e icariad Liens Beold ol
e LRSI DN wreewr DD o o

* 11 mm diameter, 1.5
mm thickness

b) b

[

 When incubated in
medium, bacteria grew
within ring, no
outgrowth or leaking of
bacteria




=PrL  Self-lubricating CL

Sustained
release of a
therapeutic!
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B MSE 493
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Release measured by supernatant GPC in
media

1st case: Release in STF over days, measured
after 24 hours

2nd case: cyclic 16 h in media, and 8 hours in
STF

In the first case, HA decreases over time due to
lack of nutrients in medium

In second case, constant release of HA over 7
days due to exposure to nutrients which
sustains HA production

Scenario — overnight incubation (16 h), daily
release (8 h) = dailies!
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Cytocompatibility with mouse fibroblastic cells -

a) Live Dead
Control lysozyme treatment (mg/ml)
1.86 5.55

Cell death [%]
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cuncIHSions Why say bacteria? It's a

biofactory!

= Self-lubricating living CL based on “embedded biofactories programmed
to continuously produce and release HA", a natural lubricant

= Based on PVA-VS; at 5% this hydrogel can be mixed with “biofactories”,
and aftyer crosslinking it supports viability and metabolic activity for at
least 3 weeks

= 7 day HA release in tunable and sustained manner

= |nteresting for future CL applications, but more studies needed to fully
understand control/release profiles, etc.,
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=P*L  Did you like this paper? Why or why not? (a
useful, medical application?)

YES
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