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Shortcomings of topical
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Living materials, a combination of live organism and traditional biomaterials,
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Bacillus Subtilis

Gram-positive bacteria

Commonly found in soil/ on
human skin

Generally regarded as safe (GRAS)
Produce and release
antifungal/antibacterial

compounds
.'yo S : =2 SN/

Bacillus Subtillis %/ﬁ;

Surfactin



Our Hypothesis

—————— -

_ Badillus Subtilis

Formulation

Anti-fungal compounds

Administration

A live bacteria formulation that continuously produce and release anti-fungal agents



Bacteria / Gel Relationship

Bacteria had no effect on the gel
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Formula Penetrates

40 80 120

Distance (pm)

Candida infections are confined to the upper portion of the epidermis
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Live Formula for Treating
Fungal Infection




Microbiome s restored within 4
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Four days after last application of the B. subtilis formulation, B. subtilis

counts returned to its initial level.
Moskovicz et al, Microorganisms, 2020

Moskovicz et al, BMC Microbiology, 2021



Treating Open Wounds With
Living Materials

Bacteria/Polymer Solution

Bacteria/Polymer Solution

Gas

Drying
Chamber
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(Ben David et. al, ACS Omega 2020
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Mosquito bites

Microneedle: A patch compose of dozens of needles that can penetrate the skin painlessly
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Living microneedles

N

. w
Hypothesis

o
-

MNs Patch
- Administration

—

1' Treatment

B. subtilis

Bacillus Subtilis ™= C.acnes

Surfactins
Cystic acne lesion
‘33\ Microneedle

After

Insertion into and around

Acne Vulgaris

Patient the sebaceous glands

Technion

Israel Institute
of Technology

¥

B. subtilis pellet

Applying and Drying and .
spin-coating ‘ demolding

ny C.




Living Microneedles

Bacillus Subtillis
In needles

A After Bacterial

» = ¥ Microneedles patch
treatment
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Spinning disc Recovery times of Bacillus
confocal microscopy Subtilis compared to free
showing fluorescent bacteria (N=4)

Bacillus Subtilis

(Alperovitz, Ben David et. al, ACS Bromat Sci. and Eng. 2025)
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| — Empty MN patch
Il — B. subtilis disc
Il — Living MN patch
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Challenges

INSULIN

100 units per ml
10m|

Protein therapeutics

e

NeoRecormon® BLY L RIT)

solution for injection in pre-filled syringe

Epoetin beta

Subcutaneous and intravenous use

Solution for injection /

=H—— 5 pre-filled syringes (0.6 ml) and 6 needles (27G1/2)

A new route

Technion

Israel Institute
of Technology

¥

L

TysABrl

Poor tissue
penetration

Low stability

Pathogenic
contaminations

High
production
cost

(natalizumab)
300 mg/15 mL (20 mg/ml)
- ) Solution
. for Intravenous Infusion Only
Must be diluted prior to use
k.gulc act TENTION PHARMACIST:
300 mg/15 mt he Patient is required fo receive
g 2O ma/mll enclosed Medication Guide.
ey b RxOnly
e E.
i gyl Biogen.
2 MA0s ‘

of administration

1s needed
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Poly-y-glutamate System
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Bacillus paralicheniformis
e Gram positive
e Naturally found in soil

e Qualified presumption of safety (QPS

iving componen

by EFSA)

* Polyglutamic acid

Thel

(y-PGA) producer

The material component

Dermal delivery system

e Micron-sized dissolving needles

patch (PVA/PVP)

e Dermal delivery of bacteria and

PGA
e Painless

e At-home use

Yang et al., APSB, 2017

In-situ production of therapeutic polymers may overcome some of the challenges
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\ Spin coating X2
Mold coverage X1 (6}

drying

N
B. paralicheniformis MNs patch with B.
in1:2 PDMS mold paralicheniformis
PVA/PVP aqueous
solution
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MNs with bacteria
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0.D [600 nm]

Viable and functional system ¥
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0.D [600 nm]
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Dorsal
shaving

‘ Daily MNs Sacrifice |
application > r DNA
By

/ | Skin removal
for histology

extraction for
PCR



Running E{(periments:
Living Microneedles
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Polyglutamic acid (negativly charged)
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Chitosan (positively charged)
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Chitosan/PVA
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200 pm

' 418 pm

714,658 um

714,658 pm 600 pm 400 pm b 200 pm
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Current Treatments

Local

|
!' KETOCONAZOLE CR% k
AN VEDIPHARM CO. LTD. VA

KETOCONAZOLE CREAM
2% 30G

Manufactured by: ANHUI MEDIPHARM CO., LTD. CHINA
e

» [nefficient
» Poor compliance
= Recurrence

Systemic

= Fever, chills and headache

= Significant liver and
kidney toxicities

= Recurrence

Resistant candida species have

already been discovered



Curvent research:

Living Microneedles

F n —_— n _— |} —_— n —_— | —_— \
E 1.51 .
L\ — Stationary phase
) — Log phase
i - £ 1.01
=
o
o
&
&)
o 0.5
O-O ] ] I I 1
0 5 10 15 20 25

Time (h)

Recovery times of bactria released 1
from MNs comparing the initial
states of bacteria (logarithmic Vs.
stationary phase) N=4.

= = —

g ..,n ) =
I o o L, O N e N g



) i //,. \ Spin coating X2 rd
_ Mold coverage X1 0]
:“/ ‘) | drying
B. para/;'bhteﬁiformis MNs patch with B.
in1:2 PDMS mold paralicheniformis
PVA/PVP aqueous
solution

MNs W/0 bacteria | MNs with bacteria

MNs array administration. The polymers comprising the device dissol
bacterial cargo onto the skin. This allows B. paralicheniformis

400 pm



Living Microneedles

Living bacteria in microneedle

.

B. Subtillis producing polyglutamic acid on the skin
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Bacillus paralicheniformis

Research hypothesis

O/C\O_ n y y 1
N Long lasting in-situ
NG (Zeshai production of
Naturally found in soil tlnempeut‘ic pOlyW\eVS
Qualified presumption of safety onto the skin can
(QPS by EFSA) overcome some of
+ Y-PGA producer these challenges

Hyaluronic acid like polymer
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— Empty MNs
4.0%10°7 — BS-GFP MNs

Total radiance efficiency
([p/s})[uWiem?])

(Alperovitz, Ben David et. al, ACS Bromat. Sci. and Eng. 2025)






Fungal Infections:

Fungal Infections:

= Yeast infection

Eczema/Skin lesions/Rash
Ringworm

Athlete foot infection/Sunspots
Candidiasis

—




Problem - Fungal Infection

N 1.7 billion world wide |

/
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Sucrose  Glucose

|

Sucrose-6-P

){rd

Fructose  Glucose-6-P
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Fructose ———— Fructose-6-P
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B. paralicheniformis
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B. paralicheniformis +

100pl of 2% chitosan layer




Living Bio-Materials

Lufton et al LA Fumeststieds, 2oasmbBeatiavid et iak ACGOwssga o202 trad tioveyeb evraigtiessieds Pathol, 2019
are based on the ability of the organisms to synthesizemskoptexetnd|@pdesticrobiology, 2021

(Halr et, al, Living Materrals, Springer Book chapter, 202.3)






