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6. Microfluidics – „Lab on a Chip“6. Microfluidics – „Lab on a Chip“

Bi7430 Molecular Biotechnology

Micro f lu id ics

� d e v e l o p e d  i n  t h e  1 9 8 0 s ( IB M )

� m u l t i d i s c i p l i n a r y  f i e l d

( e n g i n e e r i n g ,  p h y s i c s ,  c h e m i s t r y ,

m a t e r i a l  s c i e n c e ,  n a n o t e c h n o l o g y )

� i n t e g r a t e  p r o c e s s e s o n  c h i p

� m i n i a t u r i z a t i o n

� f u l l  a u t o m a t i o n

� h i g h  t h r o u g h p u t

� l o w e n e r g y c o n s u m p t i o n

� l o w s a m p l e  c o n s u m p t i o n

� l e s s  w a s t e p r o d u c t i o n

Micro f lu id ics

� n a r r o w  c h a n n e l s  

( m m ,  µm )

� e x t r e m e l y s m a l l  v o l u m e s  

( n L ,  p L ,  f L )

� m i c r o d o m a i n d i f f e r s  g r e a t l y  f r o m  m a c r o s c o p i c  f l u i d s :

� s u r f a c e  t e n s i o n

� c a p i l l a r y  f o r c e s

� f l u i d i c  r e s i s t a n c e

� f a s t  t h e r m a l r e l a x a t i o n

� l a m i n a r  f l o w

� d i f f u s i o n
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Micro f lu id ic  des ignes

� c o n t i n u o u s - f l o w  m i c r o f l u i d i c s

m a n i p u l a t i o n  o f  c o n t i n u o u s  l i q u i d  f l o w  

t h r o u g h  m i c r o f a b r i c a t e d c h a n n e l s

� d r o p l e t - b a s e d  m i c r o f l u i d i c s

m a n i p u l a t i n g  d i s c r e t e  v o l u m e s  o f  f l u i d s  

i n  i m m i s c i b l e  p h a s e s

� d i g i t a l  m i c r o f l u i d i c s

d r o p l e t s  m a n i p u l a t e d  o n  a  s u b s t r a t e  

u s i n g  e l e c t r o w e t t i n g

Lab  on  a  Ch ip (LOC)

� i n t e g r a t i o n  o f  l a b o r a t o r y  a s s a y s  o n  a  c h i p

� s a m p l e  p r e p a r a t i o n

� s a m p l e  t r e a t m e n t

� d e t e c t i o n

� l i f e  s c i e n c e  a p p l i c a t i o n s

� m o l e c u l a r  b i o l o g y

� d i a g n o s t i c s

� s e q u e n c i n g

� D N A  a n a l y s i s

� p r o t e o m i c s

� c l i n i c a l  s t u d i e s

Lab  on  a  Ch ip  (LOC)

� l a r g e  v a r i a b i l i t y  o f  d e s i g n s  i n  L O C  t o o l b o x

� l i m i t a t i o n =  b a c k p r e s s u r e
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D E S I G N

� d e s i g n s o f t wa r e s ( e . g . ,  A u t o C A D ,  D r a f t S i g h t )

� p r i n t i n g t h e m a s k

Ch ip des ign  and  m anufac tu r ing

Ch ip des ign  and  m anufac tu r ing

FAB R I C AT I O N

� s o f t  p h o t o l i t h o g r a p h y

FAB R I C AT I O N

� d i r e c t  f a b r i c a t i o n m e t h o d s

� l a s e r  c u t t i n g

� 3 D  p r i n t i n g

� C N C  m i c r o - m i l l i n g

Ch ip des ign  and  m anufac tu r ing
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Exam p le o f LOC app l i ca t ion

1 . D I R E C T E D  E V O L U T I O N  I N  µD R O P L E T S

2 . D R U G  S C R E E N I N G  I N  C AP I L L ARY

3 . T R AN S I E N T  K I N E T I C S  O N  C H I P

� s m a l l  v o l u m e →  l o w s a m p l e  c o n s u m p t i o n

� s m a l l d e s i g n  →  l o w  d e m a n d  f o r  l a b  s p a c e

� f a s t  o p e r a t i o n →  h i g h t h r o u g h p u t ,  f a s t  k i n e t i c s

1 .  Ev o lu t ion in  µDrop le ts

1 .  Ev o lu t ion in  µDrop le ts

v o l u m e :  1 0 ´ p L
a s s a y s / d a y :  1  0 0 0  0 0 0 ´

v o l u m e :  1 0 ´ p L
a s s a y s / d a y :  1  0 0 0  0 0 0 ´

v o l u m e :  1 0 0 ´ µ L
a s s a y s / d a y :  1 0 0 0 ´

v o l u m e :  1 0 0 ´ µ L
a s s a y s / d a y :  1 0 0 0 ´

v o l u m e :  1 0 ´ m L
a s s a y s / d a y :  1 0 ´
v o l u m e :  1 0 ´ m L
a s s a y s / d a y :  1 0 ´
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1 .  Ev o lu t ion in  µDrop le ts

� m o n o d i s p e r s e  e m u l s i o n

( 5 0  p L ,  1 0 7 d r o p l e t s / h o u r )

� o n - c h i p f l u o r e s c e n c e - a c t i v a t e d d r o p l e t s o r t i n g ( F A D S )

� d i e l e c t r o p h o r e s i s ,  m e m b r a n e v a l v e s ,  l a s e r  m a n i p u l a t i o n

� 1 0 3 e v e n t s / h o u r ,  1 - 3  f l u o r e s c e n c e  d y e s

Baret et al. 2009.  Lab Chip 9: 1850-1858
Abate et al. 2010. Appl. Phys. Lett. 96: 203509

1 .  Ev o lu t ion in  µDrop le ts

� m o n o d i s p e r s e  d o u b l e e m u l s i o n

( 2  p L ,  1 0 7 d r o p l e t s / h o u r )

� o f f - c h i p f l u o r e s c e n c e - a c t i v a t e d c e l l  s o r t i n g ( F A C S )

� 1 0 8 e v e n t s / h o u r ,  8 - 1 2  f l u o r e s c e n c e  d y e s

Lim et al. 2013. Lab Chip: Advance Article

1 .  Ev o lu t ion in  µDrop le ts

� e n g i n e e r i n g o f d e h a l o g e n a s e  a c t i v i t y

� l a r g e l i b r a r y ( > 1 0 6 )  i n  d o u b l e  e m u l s i o n

� f l u o r e s c e n c e  b a s e d a c t i v i t y a s s a y

( f l u o r e s c e i n ,  r h o d a m i n e )
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� h i g h t h r o u g h p u t g e n e r a t i o o f d r o p l e t s ( 1 0 3 a s s a y / d a y )

� c o m b i n a t o r i a l m e a s u r e m e n t s

� c o n c e n t r a t i o n g r a d i e n t s

� f r e q u e n c y 1 0 ´H z

� v o l u m e 1 ´ n L

2 .  Drug screen ing  in  cap i l la ry

K m ,  k c a t ,  K i

3 .  K ine t i cs on  ch ip

� R A P I D  M I X I N G  T E C H N I Q U E S
S T O P P E D - F L O W                        R A P I D - Q U E N C H

3 .  K ine t i cs on  ch ip

� dead time 8-9 ms (turbulence)

� volume of reactants 20 µL

� poly-(methyl methacrylate)  (PMMA;  

Plexiglas®  7N) – UV transparent

� LED (Trp fluorescence, 280 nm)

� c o n t i n u o u s - f l o w  m i c r o f l u i d i c s

Bleul et al. 2011 Anal. Bioanal. Chem. 399:1117–1125
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3 .  K ine t i cs on  ch ip

� d i g i t a l  m i c r o f l u i d i c s

Miller et al. 2008 Anal. Chem. 80, 1614-1619

� dead time 15 s (difusion)

� volume of reactants 0.07 µL

3 .  K ine t i cs on  ch ip

� d r o p l e t - b a s e d  m i c r o f l u i d i c s

� dead time < 1 ms (chaotic advection)

� volume of reactants 0.15 µL

� poly-(dimethylsiloxane) – PDMS and glass

� CCD camera and microskop

Song et al. 2003 J Am. Chem. Soc.125:14613-14619

3 .  K ine t i cs on  ch ip

Huebner et al. 2011 Anal. Chem. 83: 1462-1468 

� dead time 0.1 ms (difusion)

� volume of reactants pL ´
� poly-(dimethylsiloxane) – PDMS and glass

� CCD camera and microscope

� d r o p l e t - b a s e d  m i c r o f l u i d i c s
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Micro f lu id ics

� n e w  f i e l d  o f  d e v e l o p m e n t

� e x p o n e n t i a l y g r o w i n g a r e a

� l a r g e s p a c e f o r a p p l i c a t i o n s

� n u m b e r o f s c i e n t i f i c j o u r n a l s

� c o m m e r c i a l c o m p a n i e s a r r i s e s


