
Precipitant Concentration

Labile Zone

(nucleation)

P
ro

te
in

 C
o

n
c

e
n

tr
a

ti
o

n

Metastable Zone

(growth)

1

Initial 

state

2

CS2
CS3

3

4

21

CS3

CS2

Add precipitant 

to reservoir

3

CS5

CS5

5

Change 

reservoir

4

CS4

CS3

ÅViscosities:  ɖ(lipid)  ~ 30 x ɖ(water) 

ÅLamellar phase:  Plastic material (increasing stress with strain)

ÅBicontinuous cubic phase:  Maxwell fluid (viscous damper + elastic spring in series)

ÅMust induce multiple asymmetric motions

ïTwo cells of circulating flow between center and side chambers

ïStraight flow side to side

ïAlternating number of injection lines used per step

ïVariable cycle speed

ÅUse pneumatic valves over chambers to drive fluid motion

ÅUniform mixture achieved in < 30 min

Microfluidic Platforms for 
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ÅCharacterize and validate microscale in-meso and in-

surfo crystallization on chip using in-situ X-ray analysis 

ÅExtension to novel membrane proteins

ÅScaling out of microfluidic devices to allow for higher 

throughput parallel processing of crystallization trials

Future Work:Summary:

ÅDeveloped microfluidic membrane protein crystallization devices

ÅSuccessfully obtained bacteriorhodopsin crystals on-chip using both 

in-surfo and in-meso methods

ÅDemonstrated a dilution method to improve crystal quality

ÅDetermined the solubility boundary for 2 forms of a membrane protein

Membrane Proteins:

ÅResponsible for signal and 

material/energy transduction

ÅCommon drug targets

ÅMalfunction linked to diseases

Å~10,000 membrane proteins in 

humans

Å>46,000 structures in Protein 

Data Bank, but only 280 

membrane proteins
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http://www.scs.uiuc.edu/~rienstra

Crystallization of membrane 

proteins is the challenge

Murata, K. et al., Nature 2000, 407, 599-605.

Challenge: Maintaining Lipidic Domains

ÅAmphiphilic nature makes solubilization difficult

ÅLateral membrane pressure maintains protein conformation

ÅCrystallization: more art than science

Intact membrane

Hydrophobic

Hydrophilic

Ostermeier, C. and H. Michel, Current Opinion in Structural Biology , 1997. 7(5): p. 697-701.
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Goal: Scaling Down

ÅNumerous trials needed to 

determine crystallization conditions

ÅMembrane proteins available in 

miniscule quantities

ÅMicrofluidic approach

144 wells

30 nL each

http://www.hamptonresearch.com

24 wells, µL scale each

~102 - 103

volume
decrease

Mixing of Lipids and Aqueous Media

Landau, E.M. and J.P. Rosenbusch, PNAS, 1996. 93(25): 

p. 14532-14535.

Caffrey, M., Journal of Structural Biology , 2003, vol. 

142(1), pp. 108-132.

In-meso Crystallization:

ÅSelf-assembling lipid/water phases

ÅMaintains protein in a more ñnativeò 

environment

ÅAlleviates concerns for solubilization 

and denaturation

ÅConcentration induced phase 

change drives crystallization
Bicontinuous

cubic phase

Å9.95 mg/mL bacteriorhodopsin in 25 mM NaH2PO4 pH 5.5 

mixed 1:1 (v/v) with monoolein 

ÅSalt to drive phase change: 2.5 M NaH2PO4 pH 5.6

Validating Platform with Bacteriorhodopsin

ÅTotal chamber volume = 19.4 nL
(9.8 nL protein 9.6 nL lipid)

Å16.1 nL protein per experiment
(6.3 nL lost in lines)

Varian FTIR microscope (UMA 600) with Focal Plane Array (FPA) detector 32x32, connected to a FTIR spectrometer (FTS 7000).
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Microfluidics: 20 nL

In-situ preparation and screening

Present  method

Mixing ~20 µL

Dispensing: µL (manual)

In-surfo Crystallization:

ÅMost successful method to date

ÅProtein crystals grown from detergent solubilized solutions

ÅGoal is to determine the solubility boundary using a minimal 

amount of protein

Detergent 

solubilized

With Dilution (1-4)

Without Dilution (1,2 only)

Decoupling Nucleation and Growth

ÅProblem is that often only showers of crystals are obtained (1,2 only)

ÅRedissolve small crystals until only a few remain to act as seed crystals (1-4)
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Determining the Solubility Boundary

2 mm

Droplet

Channel 

10 wells, 1-10 µL each

Caffrey, M., Journal of Structural Biology , 2003, vol. 142(1), pp. 108-132.
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Our Evaporation-Based Crystallization Platform:

ÅGuarantees a phase change

ÅKinetic control achieved using device geometry

ÅVarying the rate of supersaturation has a 

profound effect on the outcome

Lamellar phase:

crystal growth

Salt

ÅProtein crystals confirmed using FTIR

Talreja, Kim, Mirarefi, Zukoski, Kenis, J. Appl. 

Cryst. 2005

Scale bar: 500 µm


