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Introduction Results

Digital (droplet) microfluidics is a method for handling discrete droplets of small amounts of liquid (pico- We found that fluorinated liquids are effective at preventing non-specific protein adsorption to the device and facilitating the movement of protein solutions. The fluorinated

microliters) through the spatially controlled application of electric fields. A cross section schematic of a digital liquids examined here were Fluorinert® FC-40 and FC-75 and Novec™ Engineering Fluid HFE 7500 and HFE 7100 (3M).
microfluidic device is shown below.
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Using fluorinated liquids and surfactants to promote sample movement and crystallization, mass spectra can be

obtained from microfluidic sample preparation (a & b) that are comparable to those obtained from traditional,
manual protocols (c & d).

Approach and Methods

| % * Fluorinated liquids facilitate the movement of protein solutions on digital microfluidic devices.

protein droplet movement, these additives often interfere with the MALDI spectra. In this work, we
investigated alternative methods for enabling the movement of protein solutions on digital microfluidic devices

and techniques for enhancing sample/matrix co-crystallization to achieve high quality mass spectra directly from
the device surface.

We hypothesized that engulfing a droplet in a fluorinated liquid shell could enable the movement of protein solutions on the microfluidic

: N L . . . . NEM |
device by minimizing the aqueoys/solld |n.terface ar!d thus non-specific protein adsorption. Ve used contact angle goniometry and _E — Minimize protein adsorption
fluorescence microscopy to monitor protein adsorption. ii — | i
Fluorinated Liquids Used o, I (i : — Evaporation of fluorinated liquid = easy removal, no spectral interference
CF, @) i \‘_,}_I = . ) . . ] .
F,  F  F R 7 el PN = \  Small amounts of fluorinated surfactants promote crystallization of the matrix on the device surface
. | P Y
AN O OO 0 > F CF c. CF CF, CF3 in e mea OONAC Eaal Trypsin !
F,C Ic:: N (F: CF; ; C/ \E/C\ PG C o NESTN 3 F3C/ e \ Kﬂ’(\.._,..&_, sgen 1 Fypsin .
: Lo " s ¢ er: ; | g F 4 N N [— .~ - A — Good crystals = good spectra
C— F,C——CF H3C o) O C CF3 e "
C 2 2 S5 . . e : . :
e’ Fo \CH:Z/ e \cF:Z/ \cF:Z/ =] _555 ‘ * Digital microfluidics can be used for completely in-situ MALDI sample preparation.
Fluorinert® FC-40 Fluorinert® FC-75 Engineering Fluid HFE 7500 Engineering Fluid HFE 7100 — ggxq_g&_.q
To address the problem of poor sample/matrix co-crystallization, small amounts of fluorinated surfactant (pentadecafluorooctanoic acid, _(é) R f S Q k 1 d . t
PFOA) ware added to the MALDI matrix solution to provide hydrophilic domains to aid in the nucleation of matrix crystals on the _.ﬂ 3¢ €ICrences CKNOWI1€E = €Iments
hydrophobic surface of the device. J N References: Funding:
4l m| 7( |. Barbulovic-Nad, I.; Au, S. H.; Wheeler, A. R. Lab Chip 2010, 10, 1536. IGERT Materials Creation Training Program (NSF DGE-01 14443 & DGE-
< DHB LEJ 2. Miller, E. M.; Ng, A. H. C.; Uddayasankar, U.; Wheeler, A. R. Anal Bioanal Chem 0654431)
. g - - . e | - " 2011, 399, 337. California NanoSystems Institute
Protein Samples were Prepared fOI" MALDI-MS anal)’SIS accordlng to the fO”OWIHg PI”OtOCOl. - 3. Poulos, |. L.; Nelson, W. C;; Jeon, T. |.; Kim, C. J.; Schmidt, |. . Appl Phys Lett National Scientific Foundation (CHE-0649323)
I. Disulfide bond reduction/alkylation with tris(2-carboxyethyl)phosphine and N-Ethylmaleimide - 5 min. TN o=t \E%:, AT T 2009, 95. National Institutes of Health (RR020070)
. ] . . || S0 U0 U 5 T S ! WS 4. George, S. M.; Moon, H. In 15th International Conference on Miniaturized UC Discovery grant in partnership with General Atomics (GPCO07-1049A)
2. Tryptic digestion - |5 min. Systems for Chemistry and Life Sciences Seattle, Washington, USA, 2011, p 1545.  National Center for Research Resources (Grant Number SIORR025631)
3. Sample/matrix co-crystallization - |5 min. A

C o S|

California nanoSystems Institute

Sample processing drop Fluorinated liquid shell NS




