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9. Cell culturing on chip andTopics in this lecture
monitoring of cellsFrom cells in culture and

single cells in geometricconfinementWhen approaching for " Introductionreactor vessels the length
scale of single cells care
must he taken in the " Strategic developments of cell
understanding of the

culturing and cell analysis oninteractions between cells
and the reactor walls. New
phenomena are studied in chip
this context.

Tackling integration
Biological
cell culture experiments " Chip-based cellular systems to
Microchip technology
brings also new methods to retrieve single-cell informationthe biotechnological
laboratory. These methods " Outlook: Future developmentshave to be evaluated
against classical established
biological experiments by Summarystatistic design of
experiment.

Friday, August 19, 2005 Regina Luttge

Topics in this section		 Introduction
Cells in microfluidics
Microfluidic-assisted cell

capture and recording is	 " Bioreactor fermentation processesone ofthe most powerful
strategies of modern	 . Important topic in druglife-sciences.		

development: How to achieve	

high-throughput screening (HTS)?
"	 Most new assays are designed to

rapidly detect specific cellular
Cells

Electrodes	 effects reflecting action at various

targets.
Culture on chip
We will discuss the

integration of cell culture

plates and biotechnological
processes. The devices may
assist in understanding
complex pathways by
systems biology.

"	 Creating better artificial cell
environments to build testing
devices.
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9.1. Introduction

Spatial confinement of cells

Microfabrication dimensions on the scale of cell dimension.

"	 Integration must mean something more to cellular investigation
than patch clamp can do today.

"	 Single cell versus clusters of cells and tissue- influencing cell
behavior. Isolation of cells as a new strategy?

"	 HTS assays using monolayer or suspension cultures still reflect a

highly artificial cellular environment and may thus have limited

predictive value for the clinical efficacy of a compound.
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9.1. Introduction

Large scale biofermentor

Friday, August 19, 2005	 Regina Luttge	 _JjEgAi!.

Industrial biofermentor 15 m3






9.1. Introduction

Bench-scale biofermentors
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9.1. Introduction

Spactial restrictions

0 "	 Space in space! (Small
apparatus footprint
required).

"	 Mix of conventional
fabrication techniques and

microtechnology, e.g.,
sensors for flow control.

Sr lrw.spanthtoLcFthz.dzi rQsrwrr.hibForn'arIm.htw
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9.1. Introduction

Miniaturized hollow-fiber bioreactor
" Mammalian cell culture systems

- Acordis Research, Germany

14

12

10













0	 1	 2	 3		
Time [Days]
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Gkneckner & Lemke, Bioleclosol Progress. 17 (2001), p. 328-831
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Microtiterplate

9.1. Introduction

Screening of micro-organisms

L	 Smaller volumes!
Better handling!

'\		Need for higher
.u." functionality





Petri dish

Automatic system (high-throughput)
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9.1. Introduction

Interfacing bioelectronic "cell reactor"

Solid-state-based sensors
for integration with medical

diagnostic and analytical
devices providing significant
data relating to the bio-
chemical and biophysical
reactions, e.g., of

therapeutic drugs.

CMOS SUPPORTS BIORESEARCH
Seas or array monitors live neurons signal

_______	
	Redrode







	Yrn 	 [-	

)Z

WOO











MOSFET






SSw4(Mm

Source: b2fineon
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9.1. Introduction

Neuro-Chip
"	 Neuronal networks, such as those found in the human brain, are

flexible and adaptive. They are able to build complex networks
and are able to process data very efficiently in a parallel
manner. Bringing this functionality to an artificial environment?

I
Er	i

	 NJ














¬PEL	 $
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Strategic development

" Important research groups and
their approaches.

nww.cjio-pordos.sthi

Friday, August 19, 2005 Regina Luttge

9.2. Strategic developments

Group of G. Rao (University Maryland)

Optidotes for pH. bO, CO2

Spin-off: Fluorometr ix

Cuvette-based microbioreactor

	

Bioprocess monitoring using

4		<
--* well plate-technology

Rod LED

**
(460nm)

LWLED	

	000ml Blue LED	

3Y3P3 rilu ___
37a		 a	 iI - -- - - - -- - -- -








Blue LED		E'D'	
02	 ~Prm

(460rlm)	 Oxygen	 (590

PD	 Stiffer







(6DU omI

Harms eL al., Current Opinions in Biotechnology (2002), 13, p. 12 4-127
Kostov et al./Ptotec/mology and &oengtneermg (2003), 72, P. 346-352
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9.2. Strategic developments

Group of B. Wolf (Universitat Rostock)
Microwell format and flow-cell

Single cell measurements

Cell Monitoring System (CMS®)





topwannfordetecøat.of rbes6ro)paronoka In abortn.tdIsi.

b)a.a,or. tot call .,ataboliin

cat ,ulalioulc,		 H	
I	 I						 ,lccurical	

I	 I		 ca(crc.ccclocoadc			
-

mca,bilgccd					 lSFL gtopr, ISEI			 I			 IcmpcaaI setoeM									

-y

ISLET. ENPET. CPPET, TI)

CCL)

Integrated sensors

Multiwell plate, volume: 10 Id

and .,nalysi,.cod		
ccaanalocitfca

pcatyt, olcyt
and )rmpcatury

o_ pro

-:		

-
-
-
-





-

Bauinann et aLl Sensors andActuatorsB 55 (1999) 77-89
Lshrnann et allBiossnsors & Thosloctropocs 25(2000)117-124
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9.2. Strategic developments

Group of Keasling (Berkeley)




	6well platform		*
	 Biomass volume: 250

Sensing: Temp, Ob		*
	 Electrochemical 02 supply		

(generation rate: 10 jimol
Spin-off: Microreactor.com	 Oh		')

Cell Denaty vs. Time, 27 degees C-----

	

:---,
1





OS....

1.6	
	7_7
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U '		6	 8	 II	 2
Toyp l'IwSl

Silicon microbial bioreactor arrays

ALthar5?z et aL., in Frsc. IBEE-BMBScorif 200(2, p. 185-170
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9.2. Strategic developments

Whoe





p_-a-	 --S

=1-














kysaide a

Mactro&W pads
heater










d

ji-bioreactor array

"	 PCB* technology
"	 Off-the-shelf

components
(modular assembly)

"	 Commercial Ion-selective
Field Effect Transistor
(ISFET) for pH

"	 E-coli growth
"	 Integrated gas dosing

3Z		c

tPrinted Circuit Board

MaharMz at al., Biotechnologyand btoengtnaahnvol. 85, no. 4, 2004
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9.2. Strategic developments

Cell growth as a function of oxygen
1.5



























21	 21	 15	 27	 29	 31	 33		

lime (tours)

Oxygen supplied:
(1) lOmmolO2/h,
(2) 6 mmol 02/h,
(3) 3 mmol 02/h,
(4) 0 mmol 02/h,
(5) 6 mmol 02/h

(lower time axis),
(6) 0 mrnol 02/h.

Optical density measurements were
taken every 30 sec during
fermentations.

Multiple curves are shown for curves (2) and (3) for reproducibility. 1 - 4
("LB medium"). S - 6 ("M9 minimal medium" with 1% glycerol (lower time
axis).	 Maharbfr at al. I Biotechnology and B,oanginaarn vol. 85, no. 4, 2004

Friday, August 19, 2005	 Regina Luttge






9.2. Strategic developments

Temperature and pH control in
fermentation* Closed-loop buried resistor

3°				

heater/thermistor at well 3					

(gradientacrossthearray).
'40					

Error bars:			
2	 -		T-variation/h,

°						max. variation: <±2°C.
26





20

7.0

6,5

6.0

6.0

50 ---t
0	 2	 4
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I

" ISFET (Sentron Europe,
E2310000, O.Sxl.5 mm) reference
electrode assembled into the eight
wells.

"
pH monitored over 16-h of E. coli.
fermentation in LB medium (1%
glucose-enriched). 0b600 from
on-board optical system.

6	 6	 10	 12	 II

	

10

Time (boors)

Mahathzz fl aLl batochnolagy and Bioengineering, vol. 8). no. 4, 2004

Regina Luttge

9.2. Strategic developments

Electrochemical oxygen generator2.5mm

Silicone		
/

electrodes	 7		 Silicone

1		 5OpmH'
4- bubble	

-			 channel
22

'channel

o-	 I	 Silicon substrafe

djLqMaharbIzFriday, August 19, 2005	 Regina Luttge

"	 Biomass volume: 200 pi
"	 Electrochemical

°2 supply (rate:
>10 p.mol 02.h-')

"	 Corrosion robustness

investigated

oraL/f. MicrooL Zys., 2003), vol. 12, no. S,p. 590-599

2	 3	 4	 5	 6	 1	 8		

Ride IIuflbsr






9.2. Strategic developments

" Microscale
biofermentor

Volume:
batch: 5 jil
fed-batch: 85 Id

Measurement:

pH, DO, OLD

Friday, August 19, 2005

Group of K.F. Jensen, (MIT)
'
-----------------------------
Optics

Miurobinreaclor
with sensors

-Iii

	

[otodetector






P Photodetector	 4	 [
37C RH100%'

I			 Bifurcated fibers	

Emission	 )_		Emission
I	 - filter	

/'	
fillerN		

1		1e	 Focusing	 0
I		

tenses				
401	 Excitation




	Blue -green	 Orange		Bluea
0

OrangeBlue-greenae"	
	OLE'	

Bluea
LED		LED	 LED






. .. .					 - - - -				 . . . . . . .
Instrumental 1..

- - - -		 - - - - - - - - - - -

fDala

switches

Rl'alar.. .'ria,eference signal
I		 Lock-in Mightier	 Function Generator
- - - - - - - - - - - - - - - - - - - - - - - - - - - -

Zanzatfa of at! &otocltnalogy and B:oongtnoohngr vol. 87, NO. 2, 2004	
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9.2. Strategic developments

HT-Continuous perfusion
Luke P Lee's group (California)

(a)

culture array
vi' V \I.vSA \rvThI\(

Jr \ J\ \Iq/\

xxx,x
xxx.x
xcxx&
$XXIX
XY'X

KXX;(
XXX#(

vxXxxts
IKXXXX)
IKXXXX)
KXXXX)
KAYJ A)
'XXXXX)
IXXXXX)
IXXXXX)

(b)

Figure 1. Microfluidiccell culture array for high-throughput cell-based arrays, a: Photograph of the roicroftuidic cell culture array. A tO a 0 array of

mierrahambers was fabricated on a 2 a 2 cm device. The port at the left provided continuous perfusion of medium uniformly wrens the array. The port at

the right was theouttet for the medium Reagents and cells acre loaded from the top and firm out through the bottom port hr Concentration gradient across

10 columns. Aconcentration gradientgenerator wa,sconnected to the tOcotumns at the top of the device. Red dye was initially perfmedfrom left to tight to

fill all of the chambers. Blue and yellow dye was then leaded from the two separate ports at the top of the gradient generator. demonstrating the capability
of conducting cell based assays with multiple concentrations of reagents.
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	9.2. Strategic developments		 Fabrication & device

fl		S	 Channels SOpm
(a)

(b)

Figure 2. Single microfluidic culture unit, a: SF.M ptture of a single unit of the arrayed device before bonding to a coverglass. Multiple perfusion

channels surround the main culture chamber. The mictochamber was40 gm in height with a diameter of 1 mm. Each culture unit had four flui(fic access

paths (left, right, top, and bottom) for "perfusion inlet, "perfusion outlet.- loading." and "waste, respectively. b: SEM image of perfusion channel

dimensions. Each perfusion channel had a width of Sum and height of 2 gm compared to the loading channel which had a width of 50 amand height of

40 am.

	FLHungnaT, BZOTECHNOLOOYAND BIOENGINEERING, VOL. 09'. IMO. 1, JANUARY5, 2005
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(b)

Figure 2. Single microfluidie culture unit a: SEM picture of a single unit of the arrayed device before bonding to a coverglass. Multiple perfusion

channeLs surround the main culture chamber. The micmchamber was 40 gm in height with a diameter of 1 mm. Each culture unit had four flui(fic access

paths )left, right, top, and bottom) for "perfasion inlet, "perfusion outlet." "loading." and "waste, respectively. b: SEM image of perfusion channel

dimensions, F.xh perfusion channel had a width of Sum and height of 2 gm compared to the loading channel which had a width of 50 urn and height of

40 urn.

Hucget aT, BZOTEL'HNOLOOYAND BIOENGINEERING, VOL. 89, NO. 1, JAITUATO'S, 2005
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9.2. Strategic developments
call

surnnion	 Operation principle &
Valve

": .		 first results

a .		MM-ENPertueloe " e Perfusio n
Inlet		 "	 Outlet tifli		1ITI7

Reag.Loadng		 1
4

D,-		Dy 8'u-now
T

e: r
d

Wle				
L3, F4! _! F	 34mm T"ys,n	 1 Day	

F,,1 Hung	 al, BZOTEO'HM)LOGYANLI L1OELtONEEFiNL VOL. 09, 095. 1, JAITUAR)'S. 2)05
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Tackling integration for cell-
based biosystems

" Containing and detecting cells
- Cell lysis for analytics (slides from
Thursday session on sample
preparation methods)

- Cell reactors
" Following and carrying out

reactions within the cell-chip
environment.

" Stationary and flow-through
microbioreactors

Friday, August 19, 2005	 Regina Luttge	 JIESA
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9.3. Tackling integration for cell-based biosystems

Cell cultivation microflask

(a)	 7 cm






0 0

oi'~17





	Mic'rochannel
(W 250 x D 100 pm)

Microculture flask

(1 10x W1xDOlmm)

(b)
50 pin

" Glass chip
" Good liquid control
" Secure cell stimulation
"

Optical monitoring

" Driving force:
We want to
know!

B. Thmt t. a Z,		 Ai,i2yucai Ciwms,x 74, 2560-2564.
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9.3. Tackling integration for cell-based biosystems

Bench-scale versus planar microreactor
Microreactor	 Bench-scale	

I		 I
(a)	 aeration

membrane

channels			 /






	bodly

glass base

sensor

pH sensor

Ih

0	 2		4	 6	 6	 100




	(C I
5

	IOU

80

20

0'

	0	 2	 1	 8	 a	 00

65

55'

	0	 2	 4	 6	 a

Zanzotto at aL/Biotooc/onologv and Thoangonaertog, vol. 87, no.. 2, 2004
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9.3. Tackling integration for cell-based biosystems

Multiplexed microbioreactor system for
high-throughput bioprocessing

Jensen's group

'1w
U						U		

,	 -	 w

s4
	r		a

.N

!!"

N Soda at al., Lab Chip, 2005, 5, 819-826

2	 4		8	 8	 &5

is o	 2	 1	 a	 a	 le		
Sir.IN
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9.3. Tackling integration for cell-based biosystems

Regina Luttge

"

	

thus to demonstrate that high-throughput fermentation data	
can be obtained in real time from microbioreactors.

"	 Four stirred microbioreactors with a working volume of 150 jtl

and with integrated sensors for on-line monitoring of the
fermentation growth parameters were used.

"	 The system includes miniaturized motors for magnetic stirring
of the reactors, and optics for measuring the fermentation

parameters.
"	

Optical density is determined with a transmittance measurement

through the reactor chamber,
"	 and in-situ measurements of dissolved oxygen and pH are

obtained with fluorescence lifetime sensors embedded in the
bottom of the reactor chambers.

NZzita et N, Lab Chip, 2005, 5, 819-820
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9.3. Tackling integration for cell-based biosystems

Microbioreactors made out
of PMMA and PDMS.

Emission
00
00JrExcitation

______pH	 Stirrers	 Stage
1234	 Motor&		c	 I	 00

- -1

- -



	

It	 1%,"	 111,4`4	 IV










-I	
35 cm	

Home	 Ri	 P2	 P3	 P4
Monitoring	 "
Sequence	 4
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System components

Stirrers	 Stirrer Controllers

	

Stage Controller

4. qMP
Stage Motor

Emission Excitation
00 DO pH 00 00 pH

,__________ 1

f Filters end ee
Lenses

LEDs

Thu

Photo-
detectors

I _-\--°-1 Data
____

I
°

I switches

I Synchronization
LLI\_a. Signet

-

Lock-in Amplifier Function Generator

NSnia ri aS, SN Chip, 2005. 5, 319-826

Regina Luttge






9.3. Tackling integration for cell-based biosystems

Outlet port		ntetports	 PMMA
OD waveguide		

__

	

HReactor chamber
with spin bar	 Oxygenation,	 "-\c- PMMAmembrane

Sensors for
DO and pH

a) b)

Chip set-up

-	 0	 C)

	

C)

I		 -

PMMA







PDMS
La,		 0

p	
-t	

-	
'-C

	

-

I	 _'_:T1n. PMMA

c)

Fig. 2 taP Schematic of longitudinal see tion of the microhioreactor with a PM MA fiber as OD waveguide. The cell culture in the niicrohioreactor
is stirred with a magnetic spin bar, which rotates around a vertical post in the center of the reactor chamber. A cap at the top of the post and a
shoulder at the bottom holds the spin bar at the desired height within the chamber. Oxygenation takes place through a thin t'DMS membrane,
indicated in the schematic by a thick line. Ph) Solid models of the four layers for the microhioreactor design using a I'MMA waveguide. 'the two
bonded t'DMS layers are shown as one layer. Ict Solid models of the three layers of the nsicrobioreactor with the PDMS post as OD waseguide.
(Solid models drawn to scale)
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9.3. Tackling integration for cell-based biosystems

0
2			

ft7
100,

80

60
0%
040

(
20

1, k ,f
0

7.0

6.5	 ll~	 C)

0

55

5.0
0		5	 10	 15	 2C

Time /b

-a--RI -a-v2 -a-- ea -a- 5)
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ParallelE_coil fermentations
7-.

6

9 3

	

equipped with a

and equipped with
PbMS post (left)







80	 (right), both cases
60

100			

	b)			 (right), both cases

840						

'	 real-time

20-								 measurements of:						
(a) 0b600,						
(b) DO, and

6.5					
C)			 (c) pH.

6+0
5.5
5.0

	0	 5	 10	 15		20		
Time /h

1-4-P
I --R7 -A-R3-C-R4'

	NSzttae?aL,LaSCNrp,2005, 5)519-826
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9.3. Tackling integration for cell-based biosystems

Cell patterning using microfluidics
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9.3. Tackling integration for cell-based biosystems

Cell patterning using microfluidics
A

	

3 uthts

C/.t:..
0.60

B
N-,
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,nleI3


















GSA




4
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" Channel structures
formed by a PIDMS stamp
when it is in contact with
the surface of the

e substrate limits the
ker - 4i migration and growth of

the cells

;r1	 Cells cultivated 24 h

Stamp passivated by BSA
to prevent cell growth.









S$%

"N		O~

7. C/au c9 al., (200)) Proc. Slag!. Acad. Cot, 97, 2408

"	 Usage of laminar flow of multiple
parallel liquid streams in
microchannels to pattern cells:

1) Pattern with adhesion

promotors and inhibitors

2) Deliver cells

3) Localize chemicals (nutrients,
drugs etc.)

Takoyama, or at, (/99)) Proc. A1/2rL *ad. Sc., 9cc 5545

Regina Luttge






9.3. Tackling integration for cell-based biosystems

Cells cultured on integrated ISFET

Lime [h]

1.13

1,14

1,13

1,12

1.11

1.10





1.09

Acid production versus time, during pump
cycles (5 mm on, 10 mm off)

te1,Ioro	 Triton

	

X100

TOM

37,0

36,5

I
36.0






35.5

3,0

HeLa cells on ISFET; gate area: 20 x 2 pm2

WH.

	

:. B	 1999. :7:7-89
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9.3. Tackling integration for cell-based biosystems

Cell culturing on potentiometric sensor chip
hIop 1		 - - LCflI1WI(0



	

1[Jm		 Step 2

	

UVgh
I

2x2 arr3y			 - pholoiàsk "

E f			 floating gate electrode			 io	 L___J	 su.aoso

I	 -	 ..		Step			 cIonosg ring

['r			 signal processing		 I
f'			 and readout circuitry	I'

2.6n'im					 Cell culture on top of the				

electrode array
2231gnv c: al., Ses. &,4L B, Mrck, 2004,
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9.3. Tackling integration for cell-based biosystems

	Case study I
""Intermediate small"

Friday, August 19, 2005
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9.3. Tackling integration for cell-based biosystems

Bioreactor for three-dimensional
cell (co)-culture

"	
Simple lab-scale minaturized

dynamic reactor design.

oret.t

A. Lrchtenb&rg ct al., Biornatenals 26 (2005,) 555-562
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9.3. Tackling integration for cell-based biosystems

Culture chamber

flOmm	
4m		 aJ	
7m

chambers	 C		 fr membrane

A. Lwktenberg et a]) B]omaknak 26 ('2005) 555-562
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9.3. Tackling integration for cell-based biosystems
250	 - - - -7C02

:		Metabolicparameters
E IOU

50

0

	

(a) Medium P°2 and pCO2
1234567891011121314

a)			 days		 (b) Medium pH
7.5

7.45

7.4

735

7.3

1.25

7.2
	1234567891011121314

hI	 days	

-Glucose nnloL'LI - -Lactate
2	 30





	2 51.5

I1

0.5

211

is
10

5a

(c)	 Release of lactate and

glucose concentration
in medium

Physiological stable!

Low lactate release!

"0.5	 0

(e)		1	 2	 3	 4	 5	 6	 7	 8	 9	 10
"
11

"
12

"
13

"
14

	

A. Lwhtanborg n a!., Thomatar]a1s26 (2005) 555-562

-,	 days	 . .,		i Luttge	 JIESAt






9.3. Tackling integration for cell-based biosystems

Morphology

(a) Native neonatal ventricular
cardiac rat tissue;

(b) fibrin matrix with seeding of
1x107 cells/2m1 total matrix;

Friday, August 19, 2005

(fibrin matrix with seeding of
2x107 cells/2m1 total matrix.

A. L?chtQithQrg fl al., BJornatQnais26 (2014) 555-562

Regina Luttge		 JIESAt

9.3. Tackling integration for cell-based biosystems Immunostaining
of cells

"	 LIVE/IDEAb® viability!
cytotoxicity assay*

(* Molecular Probe Inc.)

100
00
80
70
00

S50
40
30
20
10

98%

	

95%

days

Transversal sections:
viable cells (green:
dead cells (red)

Friday, August 19, 2005

The mean percentage value of
the live cells (day 0) and
after 3, 7, 14 days of culture.

A. Lkhurnb&rg fl a!. I BomatQhaTh 26 (2005) 555-562

Regina Luttge

64 '4M MF2O cardiomyocytes (blue dye) and
non-cardiomyocytes (marked with "<)"
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9.3. Tackling integration for cell-based biosystems
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Case study II
A ."'complete" biosystem on chip

Regina Luttge

9.3. Tackling integration for cell-based biosystems

Microscale device for toxicity studies
"	

Incorporation of 3T3-L1 cells to mimic bio-accumulation in a
cell culture Analog device.

In S

Lung

- 4nun

K. Vrravahiya and ML. ShokrI BotQchnoL Frog2004, Vol. 20, No. 2
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9.3. Tackling integration for cell-based biosystems

Stained cells on the k-CCA chip
(6h circulation)Cl	 rwrP

tin	 ..	 . . . .		 -				

14				

B. indicates				

Hep&2/C3A				

in the liver			

1	
chamberand

A. indicates L2 cells in	
. enlarged image of

I	 LL J	 C3A cells.theinc lung chamber and
an enlarged image of
L2 cells.		

C.indicates theCells in the chamber:
4x magnification,

	

differentiated 3T3-L1
Enlarged images:
20x magnification.

	

I the fat chamber.
K. VIravaidya andML. Slader IBiotecknol Frog., 2004. Vol. 20.. No. 2
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9.3. Tackling integration for cell-based biosystems

hO		 Cellular defense mechanism and125
Lu" (L2)		 bioaccumulation

(c) Accumulated model compound		180.
8
tso
tie

40

20

time (Pt)
(b)

20	

Liver (C3A)
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1001
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60










40





	20	 a8 253-LISme
W&8043T3.tl:Ic4eYa
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4	 60	 2				

time (6)
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i-P

160
	01409

140	 "Iieec

"fat
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0,			 i	

no

time (6)

Naphthalene metabolites formed in liver
deplete the glutathione (&SH) in lung

toxicity test for,
(a) L2 cells, and
(b) HepG2/C3A.

K. VIravaidya and ML.Sholerl Biotechnol Frog., 2004, VoL 20, No. 2
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Chip-based cellular systems
to retrieve single-cell information

-		 " Cell confinement in experimental
set-up


	

4k;,(
" Recording from single cells	

- Optical analysis
AF-44, tip, cell mampuicuon
lOA Lepng Gurmany - Electrical analysis
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9.4. Chip-based cellular systems to retrieve single-cell information

Case study III:
"Relaxed micro-patterning" using combined

rapid replication & laser direct write methods
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9.4. Chip-based cellular systems to retrieve single-cell information

Agar-microchamber cell-cultivation system
"	 flexible change of microchamber shapes during cultivation

by photo-thermal etching

Light




	Fresh	 Cover chamber

Medium	 medium

	

	Waste..................................	
Medium flow

	

pump
tank	 I I

	

Cell I I

IR
focus beam

ucb	 al., Lab Ch', 2002, 22,125-130
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9.4. Chip-based cellular systems to retrieve single-cell information

Fabrication of agar cultivation chambers

Glassz!j	 Li Li Li L'D
-Li D 0 0

Sal agar )high temp.)




	' -Crlayer
Glass slide





$

	

Gel agar (low temp.)

-1-
-	 - -

	

Hole (agar microchamber)

/	 - Gel agar (low temp.)

Agar L_ Cr layer





lens

-	 Nd:YAG laser

CCD camera

Friday, August 19, 2005
Monguchz el a!., Lab Chip, 2002, 2, 325-130






9.4. Chip-based cellular systems to retrieve single-cell information

Conecting chambers by
Agar

Focal point laser beam
microchamber			 photo-thermal etching

/	 Diffusion of sol agar			Tunnel		

- -	
-0

ass

Laser

	

-

nn.
Es		

_LI






Time course of melting spot size (40 mW infrared laser)

	

-
In

e aL. Lab Cne. 2002. 2, 125-130
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9.4. Chip-based cellular systems to retrieve single-cell information

Agar microchamber array

Agar Tunnel
A-A section






Glass side

B-B section

50

C
A-A secbon

-

	

-I
k-C'WWZW//Y/Y'W//2J2}2Z

B-B seebon-		

C--------

	

--------

(dashed fines show the edges of the tunnels)

I
Nerve cell cultivation 50 p.

Monguchi at aL, Lab Chip, 2002, 2, 325-130
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9.4. Chip-based cellular systems to retrieve single-cell information

Laboratory-in-a-cell

injection fluid

spray solution

buffer solution

Chemical reactions
cell	 in natural micro biocontainers

spray to
tr4rn. WEigQç L&'n Umv'rcuv

Collect the information by applying established

analytical chemsitry (e.g., mass spectrometry)
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9.4. Chip-based cellular systems to retrieve single-cell information

Cell analysis system with electrodes
and buried channels

""" " " """

MEL

For culture, stimulation, and recording of neural cell arrays

"	 Allows for continuous monitoring of electrical activity while

delivering very locally different conditions to the cells
"	 Indium-tin electrodes
"	 Channels are sealed with multi-layer resists (Piston and SU-8)

lviL Hsusrhlcel et al çlSiI). Sensors and actuators B, 41, 356-311
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9.4. Chip-based cellular systems to retrieve single-cell information

Hydrodynamic focusing of cells

IC) 2Q3

Agilent Technologies

Principle of the analysis of cell
parameters (cell assays).
The micro-channels of the
chip are filled with cell
buffer.
1. Pressure driven flow is used to
move cells in a controlled
manner through the micro-
channels of the chip.

2. Cells are hydrodynamically
focused to a portion of the
channel by a side stream of
buffer.

3. Cells pass the fluorescence
detector in single file.

Friday, August 19, 2005	 Regina Luttge	 JjEgAi!.






9.4. Chip-based cellular systems to retrieve single-cell information

Ion channel analysis

0

N

"	 Conventional patch clamp nozzle
and cell attached.

T Lehnert, et a!., (2002), App!. Phys. Lea., (21)24

Friday, August 19, 2005 Regina Luttge

9.4. Chip-based cellular systems to retrieve single-cell information

Planar ion channel analysis nozzel

"	 Planar Si-based patch clamp
nozzle.

"	 Chip placed between two glass
slides with microfluidic channels.

"	 NozzleIb:2.Spm.

"	 Megaohm seal resistances
obtained.

n
r1 3-
L.a.	 I

	

--

P LdMerr, at L, (2002), 4ppL F1ty Lat:.,(92)24
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9.4. Chip-based cellular systems to retrieve single-cell information

Liposome and cell fusion chip

Voltage generator

-

Electrode	

	chamber	 I -Fusion

0








__




	Micronior	

Microscope objective

TtE34A1E




	Samplecontainers	
1OOX 1.3 NA.

4Ar and HeNe laser

probing beams

tMOPA laser trapping beam

"	 Microdevice consisting of

sample wells, channels and
fusion chamber

Cells/liposomes are sorted

optically in sample
containers and transported
using optical trapping to

fusion chamber

Red blood cells were

sucessfully fused using
microelectrode-assisted

electrofusion in the fusion
chamber

A. Stromberg et of, (2001) lt'hcroflu)thc devzce for CO	 notonoijis)on rf pOSOO2CO and Cells, Analytical Ci2en)sL' 73. 126-I30

ID. Choi, (2001) A nncrojluithccplotjirmfrr cclCurrentponon m rheonrol bn1ogrrol. 51, 600-612
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9.4. Chip-based cellular systems to retrieve single-cell information

Liposome and cell fusion chip

Aa 0
A. Otrsinosrg et of, (2001) Aikrofiufitc Jevtcejhi COP"stnstc'nat
6stcn of liposotnes and cells, Anoivttcol Chennetni. 73, 126-110

D

VL r_s.,
C/tm, ID. (2001,/A m)croflu)chcspicnj'rinjhrcel fusion,
Current opinion in che'n)col htoiog)caf I, 609-612
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9.4. Chip-based cellular systems to retrieve single-cell information

Multiple patch-clamp array chip
Patch clamping of HeLa cells

(a)

(a)

I LNNC

(a)	 r	 CCI)	
	POW		

Sar'a

	

'aNCaLaCCfl

)b)		 .		(e)	 Guts

a) channel impedance 14 M12

b) average seal resistance 144±3M12

(a)

eu_c		 0
Ii,

	

11)5th
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Son at aL !AppL Phvs. Lan.. Vi. 84 A1/2. ii. 15 March 2004
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Outlook: Future developments

active surface nano-
hioreactor.

single
cell arrays for drug
and biomarker

screening.
to

identify all cellular

signaling pathways.
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9.5. Outlook: Future developments

Go IBM researchers David
Juncker, Heinz Schmid, and
Emmanuel belamarche have
overcome these limitations
by developing a novel
technology that offers
unprecedented functionality
and, most notably, the ability
to manipulate single cells.
The device is called a
"microfluidic probe" (MFP) in
reference to the fact that it
is moved over a surface like a
scanning probe similar to
scanning tunneling (5TM) or
atomic force microscopes
(AFM), both invented y .

Research Laboratory.

Friday, August 19, 2005

Ncwjr A r'nIs VcL4. 821 & 1'?' 622-628(2005)
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9.5. Outlook: Future developments

"	 The stained bacterial cells are
part of a prototype" lab on a

chip" sensor system.
The cells adhere to posts
constructed within

microscopic channels of a

plastic sensor device.
The blue, green and yellow
colors reflect increasing
densities of cells, which eject
potassium in the presence of
certain chemicals.

A Multipurpose Microfluidic Probe

Nanochemistry on a biochip @NIST
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Summary

U

OWAJ
a-

Bioreactor smaller, and smaller
- Bringing complete biosystems on

screening platform into reach of a
technical system.

Lab-on-a-Chip =' Lab-in-a-Cell
- The toolbox for biologists is rapidly

growing, enabling them to carry out all
kinds of sophisticated experiments on
the cellular level.

- Precise control of biochemical cellular
environment and possibility to analyze
composition of single cells could lead
to artificial Lab-in-a-Cell processes.
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