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Vision & expected outcome
We realise engineered systems that are sustainable, resilient & intelligent.

WHY resilience

sustainability

intelligence

WHAT Bio-
hybrid

HOW
🡪🡪 3 Streams Zurich Joint

Human Joint Organoid 
on Chip 

BHR
Multiscale 
Biohybrid Tissues 
for Robotics 

CO2AI
carbon-capturing in 
self-aware 
infrastructure

https://drive.google.com/file/d/1oQZ0vZJd9TCKUfCMdqwFrs59XQYssQko/view?usp=share_link
https://drive.google.com/file/d/1saaQzKdgAKEdhR2Umt5Ddnj9uKwjYHmG/view?usp=share_link
https://drive.google.com/file/d/1saaQzKdgAKEdhR2Umt5Ddnj9uKwjYHmG/view?usp=share_link


ALIVE across scales

graphic: Mark Tibbitt

Bio-
engineering

AM for Living 
Materials

Living 
infrastructure



ALIVE | stream:
Zurich Joint -
An Actuated Human Joint Organoid on Chip
Ralph Müller, Xiao-Hua Qin
February 2023



Vision & expected outcome
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Key idea

Create an in vitro organoid
model of human joint that…

… can be assembled and tested modularly

• using user-dictated muscle actuation

…comprises connected joint tissues on chip

• bone

• cartilage, 

• tendon/ligament
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Foundations (Theory & Experiment) Small scale demonstrators



Rationale & project structure
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WP 1 Multiscale Tissue Bio-Manufacturing
The goal is to establish a movable joint organoid-on-chip model that comprises 
functionally connected tissue components (bone, cartilage, muscle, tendon) through 
multiscale bio-manufacturing.

(PIs: Bar-Nur, Müller, Qin, Zenobi-Wong)

WP 2 Biomechanics & Mechanobiology”
Here, we 1) investigate how controlled mechanical actuation influences joint 
development and growth in healthy and diseased organoid models, and 2) unravel 
the mechanobiological principles of load-induced adaptation of joint organoids at the 
cellular and molecular level.

(PIs: Müller, Qin, Zenobi-Wong)

Workshop in November 2022

D-MAVT, D-HEST

4 PhD students

5 PIs

2 departments

WP 3 Computational Mechanics
Using state-of-the-art computational tools, we 1) simulate the process of mechano-
regulated joint development, 2) predict the impact of mechanical forces on joint 
development and growth, homeostasis and disease progression, and 3) study the 
structure-function relationship in healthy and diseased joint organoids.

(PIs: Kochmann, Müller)



Infrastructure
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NanoOne 1000 Benchtop Bioprinter
• High-resolution (down to 200 nm)

• Mesoscale (bio)printing 

• Fast speed (max. 3 m/s) 

• Easy chip fabrication

• Precision manipulation

Price: 450 kCHF 
(400 k covered by SFA AM fund)

Availability: 
- March 2023  (Hönggerberg campus)
- June 2023 (GLC building F - shared lab space)



Zurich, 02.02.2023

ALIVE | stream:
Multiscale Biohybrid Tissues for Robotics 
Driven by Applications in Health

Robert Katzschmann, Edo Mazza, Simone Schürle, Jess Snedecker  



Edoardo Mazza

ALIVE BHR Project

Biomechanics 

Simone Schürle

Musculoskeletal system

Robotics 

Robert Katzschmann

Cell Sensing + Control 

Jess Snedeker

Bio-hybrid Robots:
- Biomimicry
- Augmented functions

Can our BHRs be:
Large

?Predictable

ProtectedRepaired

Biomimetic



Timeline 

Year 1 Year 2 Year 3 Year 4 Year 5

Tasks                                    Quarters 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4

WP1

1.1 Bioink preparation

1.2 Bioprinting

1.3 Conductive scaffolds

1.4 Functional test 2D/3D

WP2

2.1 Hydrogels, photoinitiators, viability

2.2 Biomimetic muscle designs

2.3 Functional assessment - demos

WP3

3.1 Single cell layers/support optimization

3.2 Characterization (functional/biochemical)

3.3 Modeling and optimized demos

WP4

4.1 Tendon cells, materials

4.2 Fabrication of tendon-anchors and integration

4.3 Tendon repair assessment (dynamic tests)

WP5

5.1 Damage-reporter cell lines

5.2 Micro-robot realization

5.3 Functional tests in microfluidics

5.4 Functional test in engineered tissue

Large and biomimetic

Repaired
Predictable

Protected



Principal Investigators PhD student 1 PhD student 2 Objectives

Lucio Isa (just accepted to join) Candidate search

Robert Katzschmann Aiste’ Balciunate (maybe) 1 - 3

Edoardo Mazza Tuba Majid 4 - 5

Simone Schürle Xiang Wang (and Pascal Poc) 4

Jess Snedeker Linnea Hummer (interviews, would start in 
summer)

5

Wanted: additional partner in Muscle Biology - -

Objectives
1. Bioprinting of bio-hybrid robots based on 3D skeletal muscle tissue at the mesoscale (cm-scale) based on Matrigel/collagen 

bioinks

2. Muscle tissue that is interfaceable with conductive materials for safer stimulation 

3. Volumetric bioprinting (bioxolography) of curved, complex designs of muscle tissues

4. Parametrization of muscular thin layers to predict muscle’s contractile function

5. Optimization of layer’s manufacturing (channels, different surface, pdms spin coating, etc.)

6. Tendon-muscle constructs, and study physiological or repair response to actuation

7. Microrobot-based artificial surveillance system that detects inflammatory signals via bioluminescence, homes to inflamed hot 

spots, delivers drugs and treats hypoxia with O2-loaded liposomes

8. Microrobots navigation in tendon-on-a-chip systems and engineered (muscle) tissue

Personnel and research products



Infrastructure / equipment:

CLA Building Biolabs (Mazza/Katzschmann): Cellink Bio X6 Bioprinter, 3D Printers, electrical stimulation setup,
high-rate cell stretching device, AFM and Femtotool for soft material indentation, microbe and cell culture facility
(sterile hood, incubators, centrifuges, microscope, etc.), equipment for culture of bacteria, mouse muscle cells and
neurons.

HCI Building / soon GLC Building (Schürle): Magnetic manipulation instrumentation, microfluidic technologies

UpNano
High resolution

Fast
Chip manufacturing

200K CHF from BHR
+ 200K CHF from ZJ

Operative in Spring 2023  
(GLC Zentrum campus)

75K CHF from BHR

Xolo Printer

High-resolution
Complex shapes

(proposed by Katzschmann)

Operative in Spring 2023  
(CLA Zentrum campus)

Final Discussions:Purchased:



ALIVE | stream:
Living systems for carbon-capturing in self-
aware infrastructure
Ueli Angst, January 2023



Vision & expected outcome
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Key idea

Harness the abilities of 
bacteria, mycelia & other living systems to…

…render infrastructure self-aware to 
tackle potential durability challenges

• Self-healing 

• Self-sensing

…render infrastructure carbon negative

• Lower emissions in new construction

• Turn existing structures into CO2 sinks

Self-
sensing

Carbon
capturing

Self-
healing

Vision

Timeline
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Rationale & project structure
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WP 1.1 Design of microbe-laden materials for 3D printing 
(Lead PI: Tibbitt, Co-PIs: Studart, Dillenburger, De Lorenzis)

WP 1.2 Microfluidic screening of microbes and microbial consortia 
(Lead PI: Studart; Co-PIs: Tibbitt, Dillenburger)

WP 2.1 Existing and digitally-fabricated construction materials (wood, 
concrete) as homes for living organisms 
(Lead PI: Burgert; Co-PIs: Tibbitt, Studart, Angst)

WP 2.2 Digital fabrication of scaffolds as homes for living organisms to 
understand interfaces between living organisms and inanimate scaffolds 
(Lead PI: Spolenak; Co-PIs: Studart, Tibbitt)

WP 3.1 Modeling microbially mediated CO2 capture in existing concrete 
(Lead PI: De Lorenzis; Co-PIs: Angst, Studart, Tibbitt)

WP 3.2 Ensuring the durability of CO2 capturing concrete structures 
(Lead PI: Angst; Co-PIs: De Lorenzis)

WP 3.3 Integrating sensing/healing abilities in structures 
(Lead PI: Chatzi; Co-PIs: Fischer, Tibbitt, Studart, Spolenak)

WP 3.4 Digital fabrication of scaffolds as “admixture” of building materials 
(Lead PI: Dillenburger; Co-PIs: Tibbitt, Chatzi, Studart, Angst)

Workshop in Sept 2022

D-MATL, D-MAVT, 
D-BAUG, D-ARCH, 
D-HEST

8 PhD students

9 PIs / Co-PIs

5 departments



CO2SAI Team
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Mark Tibbitt André Studart Ingo Burgert Ralph Spolenak Laura De Lorenzis Ueli Angst Eleni Chatzi Peter Fischer Benjamin Dillenburger

Yifan Cui Diego Giovanoli Robert Kindler tba Andrea Lamperti Xiulin Chen Sophia Ganzeboom Karen Andrea 
Antorveza Paez

Dalia Dranseikiene Mathias Steinacher Guido Panzarasa Henning Galinski Zhidong Zhang Bao Zhao Tiziano Derne Andrea Ling

WP 1.1 WP 1.2 WP 2.1 WP 2.2 WP 3.1 WP 3.2 WP 3.3 WP 3.4

Ciatta Wobill



Infrastructure / equipment:

*Originally allocated space in HPP (Hönggeberg) has not been granted. New lab space planned after July 2023

Mycelium Lab: D-ARCH/HIB

Bacterial Lab: D-MATL/HCI

Budget Total: 300kCHF (200kCHF +
100kCHF from a reassigned position)

*The majority of the equipment is ordered and will be placed in
position once the host rooms are finalized.

Provisional sketch of labs for additive manufacturing of living materials
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