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FRAUNHOFER PAMB WHO ARE WE?
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Fraunhofer “Project Group for Automation
in Medicine and Biotechnology” (PAMB)

Established in July, 2011

Approx. 45 scientific employees
(+ 70 students)

Located at the University Medical Centre
Mannheim

Cooperation with Medical Faculty in
Mannheim of the Heidelberg University

Parent Institute: Fraunhofer Institute for
Mechanical Engineering and Automation
(IPA), Stuttgart
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What we are not talking about today?

WHERE DID WE COME FROM?
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EARLIER PROJECTS MERLIN MANUCYTE

@ Multi-touch displays embedded into
lab benches

@ Workplaces become computer
interfaces

@ Basis: dedicated electronic lab
notebook software called Merlin

@ Hybrid work fashion: intertwining
automated and manual workflows

@ Consistent documentation

@ Interfaces to external data and
knowledge management systems

@ Ongoing project, visit our lab!
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MERLIN BENCH
USER INTERACTION FOR STERILE ENVIRONMENTS
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PROCESS COGNITION
PROJECT DIAGNOSIS (HARDWARE)

@ Platform for personalized diagnostics

@ analysis of chemo-sensitivity of mamma
and ovarian carcinoma (sterility
level S2)

@ automated single-cell generation from
biopsies

@ isolation of tumor cells my means of
application of magnetic bead
technology

@ results are measured based on ATP
luminosity and uPA / PAI-1 ELISA

@ development of small-size lab-bench devices
for single-cell solutions from cell suspension
for automated and manual handling
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What we are talking about today!

PROCESS-CENTRIC MANAGEMENT
OF LABORATORY WORK
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il

paper-based

LABORATORY NOTEBOOK CLASSES

word processor database- document- process-
& spread sheets driven driven driven
(SQL) (noSQL)
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EXAPERIMENTATION PROCESS PERSPECTIVE
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EXPERIMENTATION DATA PERSPECTIVE

devise
N\ analytics pipeline
annotate @

0 .

~ /\ relate >_/ &~ e

: 6,

\ | Ny
o= =

TR =

Z Fraunhofer

IPA



EXAPERIMENTATION PROCESS PERSPECTIVE
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Processes + Data — Knowledge
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FLEXIBLE AUTOMATION
OUR APPROACH

Abstract : -
Device Scripts
Publication Model-based P
Representation _ (Hardware Level)

standardized - _
interfaces s
Prose Description Abstract Description Library
taken from of bio-technology processes of generic or specific
scientific and technical complete & sound w.r.t. device-related scripts
literature material flow, resource models, based on
labware, substances, capabilities of
and properties of liquids device control software
—
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MULTI-WELL CONTAINER PIPETTE TIP ! CLEAVER ' CAP ' LID ' PIPETTE BODY l

PETRI DIS| ' PIPETTE TIP 2p1 ' PIPETTE TIP 1pl ' BIO-REACTOR CAP ' MWP-LID '

MWP-6 ' MWP-12 ' MWP-24 ' MWP-... '
'WP-6-BRAN

nrsen)

—
~ Fraunhofer
IPA




Modeling of System Gates
Aurara Pipetting Robot :

; " . . ¥ : o
| A1 | A2 | A3 | A4 | v 8% 10-250 [ul 'synchronization with external nets
| B2 | B3 | B4 | : : must result in living net!

! closeGate() / - closeGate() / error
. setGatetfalse) / - setGatetfalse) / error

resetGate ? |

openGate() / - openGate() / error
setGate(true) / - setGate(true) / error
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vl:=!
cl:=!

0

LABORATORY PROCESS MODELING NOTATION
EXAMPLE: 1-FOLD SEQUENTIAL DILUTION SERIES

Substance Graph

SUBSTANCE[1] reagent . SUBSTANCE([1] diluent

e

(D

A 4

vii=vl+v2
c‘:=(c1*v1)/v2

SUBSTANCE][1] target

o

Y,
c2:=1

Aliquote (-)

Labware Graph

VESSEL[1] tgt

VESSEL[1] smp

|

v w v VESSEL[1] rsv

l Pipetting Schema

/ Pipette /

-vl 0 0 +v1

\ '
Pipette
Pipetting Schema

l l 0 -v2 +v2

0
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= (i Protocols

(# (@ Interactive Steps

[ Aspirate Supematant from Tub
(i Centrifuge Tube
(@ Detach Cells by Pipetting Tryp{
> Bxchangs Cell-Cuture Mediur]
( VanuCpte

(@ Measure Cell Count and Cell
(I Measure Density

(I Pipette Solution from Opened

i Shake Opened Bio-Reactor
e Spit Cell Cuttures
i Wash Cells with NaCl

yFiles NET Development License

sdmonmmehu:adonsshakedanddedwd microscope. lnadcllonlntheopened
bio-reactor ini opened flask ining solution), an opened
pipette magazine i srequed

{Step: 1, Label: "1") -> "Mount Pipette Tip to Pipette Body"

Mourt a pipette tip onto a pipette body by taking the pipette tip from the pipette magazine.

(Step: 2, Label: "2") -> "Pipette from Flask to Bio-Reactor”
Pipette a defined volume from a flask into a bioteactor.

{Step: 3, Label: "3") -> "Close Bio-Reactor”

Cover bio-reactor with cap.

(Step: 4, Label: "4") -> "Shake Bio-Reactor”

Shake bio-reactor containing cell suspension to ensure even distribution of cells.

(Step: 5, Label: "0") -> "Transfer Bio-Reactor from Bench to Microscope™
Transport the bio-eactor from benchtop position to the microscope.

(Step: 6, Label: "6") -> "Control De of Cells in Bi S »
Put the closed bio-eactor under the mmcopemddned(ﬂceﬂsmmod!yddad\ed System Mode! (Pre-Conditions)
from bio-reactors floor. Knocking on the wall might help.

(Step: 7. Label: "7") -> "Transfer Bio-Reactor from Microscope to Bench"
Transport the bioreactor locatedat the microscope to the bench.

{Step: 8, Label: "5") -> "Open Bio-Reactor"
Open the cap of the bio-reactor and keep it.

yFiles.NET Development License

System Model {Post-Conditions)

yFiles.NET Development License
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Labware Definitions
Device Definitions

Atomic Steps
Interactive Steps

Protocols

O VAT
Transport 1 FLASK-T75 from
RACK via DECAPPER-FLASK-T75,
Decap, and Transport 1
FLASK-BODY-T75 to PIPETTOR

Transport 1 FLASK-BODY-T75
from PIPETTOR via
DECAPPER-FLASK-T75, Recap
with 1 FLASK-CAP-T75, and
Transport 1 FLASK-T75 to RACK

Transport 1 TUBE-FT (spare) from
RACK via DECAPPER-TUBE-FT,
Decap, and Transport 1
TUBE-BODY-FT to PIPETTOR at
location 0

Transport 1 TUBE-FT (spare) from
RACK via DECAPPER-TUBE-FT,
Decap, and Transport 1
TUBE-BODY-FT to PIPETTOR at
location 1

Transport 1 TUBE-FT (medium)
from RACK via
DECAPPER-TUBE-FT, Decap, and
Transport 1 TUBE-BODY-FT to
PIPETTOR at location 1

Transport 1 TUBE-BODY-FT (spare
or sample) from PIPETTOR at
location 0 via
DECAPPER-TUBE-FT, Recap with 1
TUBE-CAP-FT, and Leave at

Transport 1 TUBE-BODY-FT (spare ,

Kommental Freigeben

Christian Reis
Armin Schaefer
Marius Siegfarth

Marc Arends
Franziska Maugg
Sebastian Schoening

Project Group Automation in Medicine and Bio-Technology
(Subsidiary of Fraunhofer IPA, Stuttgart)
Theodor-Kutzer-Ufer 1-3
68167 Mannheim
Germany

December 1, 2015
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Media Exchange

)

Media Exchange Split Media Exchange
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BC: 20134311

VLSID: 101
SsioA1

BC: 20133 -1
usiD:100 |

WLSID: 102
SLSID:120

BC:20134w3 -1 o
LL8ID: 100

BC: 201343 -1
LLSID: 100

VLSID: 101
SLSID: 111

BC: 201343 1-1
usD:100  |*

VLSID: 162
SLSID: 120

BC:20134ew3ll s
LLSID: 100

VLSID- 102
SLSID: 130

BC201340w31-1
usio:w0

VLSID: 102
SLSID: 140

B 20134311 "
115D 100

VLSID: 102
SLSID: 150

21.09.2013
14:57:00

Example Labware Graph (Work in Progress!)
Splitting & Passaging of Cell Cultures.
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Mode

settings

MERLIN MANUAL WORKFLOWS

Exchange Cell-Culture Medium

Exchange Cell-Culture Medium:
1sed to exchange cell-culture medium

o

This protocols is ¢

Transfer Flask from Storage to Bench
© Transport a flask (containing cell culture medium, NaCl

trypsine, EDTA, ..) from storage to benchtop position

o Warm-up Flask to 37C

Warm-up a flask to approximately 37 degree Celsius
Transfer Bio-Reactor from Storage to Bench

[e) Transport the bio-reactor located initially at its storage
(at 4° Celcius) to the benchtop target position where cell

plating is to be done.

o Open Bio-Reactor
Open the cap of the b o-reactor and keep it

Open Pipette Magazine:
© Open the pipette magazine in order to access pip
P PF ) Pip
tips

ette

Mount Pipette Tip to Pipette Body:
© Mount a pipette tip onto a pipette
pipette tip from the pipette magazine

body by taking the

Pipette from Bio-Reactor to Beaker:
O Pipette a defined volume of solution from
to a beaker

a bio-reactor

Dismount Pipette Tip from Pipette Body.
© Dismount a pipette tip from the pipette body and
dispose it

Plate Cells

“‘FO*"W\atfon

Intention

HSV entry a ¢ fusio al ot
y and cell-cell fusion requive gluc, )
st ok L g'ycoproteins gD, gH/
gL e ‘:9_; € propose that receptor-activated chav acs"a
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experiment.

Add image
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- touch to enter text!

Method
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MERLIN SOFTWARE ARCHITECTURE

Protocol Bank

Data Management

Information Hub
Standardized \

Protocol Definitions
& Device Scripts

Process Management

(Merlin Core)

Commands I I I
ELN/LIMS Parameters
Standardized Communication Interfaces

l I Control, Process,
Measurement
Device Control Data Device Control

o §%
- 4

User Interfaces
(Merlin Ul)

|

1 '
b e
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LINKS

@ http://www.flaticon.com/

@ http://pamb.ipa.fraunhofer.de

@ http://www.weg-von-der-insel.de
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http://www.flaticon.com/
http://pamb.ipa.fraunhofer.de/
http://www.weg-von-der-insel.de/

