
ABLIM1
ABLIM3
ABR
ACAN
ACIN1
ACOT9
ACSBG1
ACSL3
ACYP1
ADAT1
ADD2
ADD3
AGTPBP1
ALAS1
ALG11
AMPH
AMY1A
ANGEL1
ANK1
ANKRD12
ANKRD6
ANKS1A
ANXA11
ANXA13
ANXA6
ANXA7
AOAH
AOC2
AP1B1
AP2A1
AP2S1
AP4E1
APBB1
APOBEC1
ARC
ARHGAP6
ARHGEF12
ARHGEF15
ARHGEF18
ARHGEF9
ARL2BP
ARL6IP1
ASCC3L1
ASTL
ASTN1

ATF3
ATF4
ATF6
ATG2A
ATMIN
ATP13A2
ATP1B1
ATP1B4
ATP5C1
ATP5D
ATP5E
ATP5F1
ATP5G1
ATP5G3
ATP5J
ATP6V0A2
ATP6V1G2
BACH1
BAHD1
BAT2D1
BCKDHB
BHMT2
BICD1
BIN1
BLID
BOP1
BRDT
BRF1
BTF3
C10orf55
C10orf62
C15orf2
C1orf186
C20orf103
C22orf31
C2orf64
C3orf27
C3orf63
C4BPB
C8orf22
C9orf103
C9orf5
CALB2
CALD1
CAMSAP1L1

CAMTA1
CAMTA2
CAPRIN1
CAPS
CARHSP1
CAST
CBFA2T3
CBX5
CBX6
CBX7
CCBL2
CCDC73
CD200
CDC42EP4
CDH7
CENTB2
CEP152
CEP164
CEP68
CHAC2
CIC
CISD2
CLASP1
CLASP2
CLCC1
CLEC16A
CLTA
CLTB
CNKSR2
CNN2
CNTN1
COBL
COL11A1
COL12A1
COL17A1
COL2A1
COL4A5
COL4A6
COL6A2
COMMD3
CORO1C
COTL1
COX15
CRISP1
CRMP1

CRYBA2
CRYM
CS
CSH1
CSH1
CSHL1
CSTF2T
CTAGE5
CTBP1
CTBP2
CTH
CUX1
CUX2
CYB561
CYB5A
CYFIP1
DAAM1
DAAM2
DACH1
DBN1
DBX2
DCTD
DCUN1D4
DDAH1
DDAH2
DDHD2
DDI1
DDX11
DDX3X
DDX58
DENND3
DFFA
DHPS
DHX9
DIP2C
DIS3
DLX4
DMD
DMXL2
DNAJC9
DNM2
DNMBP
DNTT
DOCK9
DPAGT1

DPH2
DSC1
DSC2
DSC3
DSCAM
DST
DTNB
DULLARD
DUSP4
E2F6
ECM1
EDC4
EEF1B2
EEF1D
EFEMP1
EFNA4
EFR3A
EHBP1
EID1
EID3
EIF4G1
EIF5
ELAVL3
ELF5
ELL2
EML1
EML2
ENO3
ENPP4
ENTPD2
EPB41L3
ETHE1
ETV3L
EVC
EXOSC2
EXOSC7
EXPH5
EYA2
EYA3
FAIM2
FAM116B
FAM120A
FANCB
FASTKD2
FBLN1

FBLN2
FBXO47
FCAR
FCGR2B
FCHO1
FGF12
FGF13
FGF14
FJX1
FLJ43692
FLJ45422
FLJ46838
FLJ90757
FNBP1
FNBP4
FOXA2
FOXI1
FOXJ3
FOXM1
FRG2B
FSTL4
FUT8
GABARAPL1
GABPB2
GARNL4
GART
GATA3
GCAT
GFPT1
GGT1
GGTL3
GJA5
GLE1
GLT25D2
GPATCH8
GPD1L
GPM6A
GPM6B
GRP
GSPT2
GSTM4
GTF2A1
GTF2I
GYPE
H3F3B

HAAO
HABP4
HADHB
HARS2
HAS3
HBM
HCG3
HDLBP
HEBP2
HECW1
HIC2
HIF1A
HISPPD1
HIST1H2BD
HLA-A
HMHA1
HNRNPA1
HNRNPC
HNRNPL
HNRPAB
HNRPH3
HNRPK
HOXA10
HOXA3
HOXA9
HOXB6
HOXC4
HOXC6
HPCAL1
HPS1
HSPA8
HYAL1
HYAL4
HYPK
ICA1
ICAM4
ICOSLG
IDH3B
IDH3G
IFI6
IFIT1
IFIT5
IFRD1
IGF2
IGFL4

IGLL1
IGSF1
IGSF3
INCA
INPP4A
IQCE
IQSEC2
IRF5
IRF7
ISLR
KCTD2
KIAA0082
KIAA0090
KIAA0157
KIAA0182
KIAA0240
KIAA0241
KIAA0265
KIAA0323
KIAA0409
KIAA0423
KIAA0460
KIAA0467
KIAA0556
KIAA0746
KIAA0776
KIAA0802
KIAA0892
KIAA0895
KIAA0907
KIAA0913
KIAA0922
KIAA1012
KIAA1024
KIAA1033
KIN
KIR2DL3
KLHDC2
KLHL18
KLRC1
KLRC3
KLRD1
KLRK1
KRT13
KRT18

KRTAP5-2
LAIR1
LAIR2
LARP5
LDHC
LDOC1
LEMD3
LGALS8
LGALS9
LHX8
LILRA4
LIMCH1
LMX1A
LOC441150
LOC441476
LOC492311
LOC493869
LOH11CR2A
LPIN1
LRCH1
LRRC18
LRRC52
LRRC6
LRRC8B
LSM5
LSP1
LY96
LYPLA3
MAGEA11
MAGEA2
MAGEA3
MAGEB1
MAL
MAP1B
MAP1LC3C
MAP4
MAP6
MAPRE3
MAST1
MATN2
MB
MBNL1
MCF2L
MCF2L2
MCM4

MCM7
MDN1
MEIS2
MEOX1
MEST
MFAP2
MGAT2
MGC70857
MGRN1
MLXIP
MMP19
MMRN1
MN1
MOBP
MOCS1
MOG
MON1B
MON2
MORC2
MORC3
MRPS27
MS4A13
MSMB
MSRB2
MT1F
MTCH1
MTCH2
MTCP1
MTHFD2L
MTIF2
MTMR15
MTX1
MYBPC1
MYH11
MYL1
MYL4
MYT1L
NAP1L1
NAT6
NCAPD3
NCAPH
NCDN
NRARP
NT5C2
NUDCD3

NUDT1
NUDT2
NUP160
NUP205
NUP210
OR10C1
OR10J3
OR13G1
OR2B3P
OR2W5
OR4Q3
OR5B3
OR5U1
OR9K2
OTP
PADI4
PALLD
PANX1
PAXIP1
PCNX
PDS5A
PDSS1
PDXDC1
PEF1
PES1
PHC2
PHF3
PHLDA3
PHLDB1
PHLPP
PHLPPL
PHOSPHO2
PISD
PITPNB
PIWIL3
PLD3
PLEKHA6
PLEKHG7
POLA2
PPWD1
PRDM1
PRMT1
PRPF40B
PSD4
PSME4

PUM2
QPRT
R3HDM1
RAB3GAP1
RAB6IP1
RABGAP1
RAD54L2
RBM34
RBPJ
RCAN1
RCOR1
RFTN1
RGL1
RHOBTB2
RIMBP2
RIMS1
RNASEK
RP4-
691N24.1
RPGRIP1L
RPH3A
RPIA
RPL13A
RRP12
RRP1B
RRS1
RTF1
RUFY3
RUNX1T1
RUSC1
SAMD4A
SAPS1
SASH1
SATB2
SBNO2
SCMH1
SDF2L1
SEC14L2
SEC61G
SEPHS2
SETX
SF3B3
SH3BP1
SIN3B
SKIV2L2

SLC16A8
SLC35A3
SLC35D1
SLC39A14
SLC4A1AP
SMC5
SMG5
SMG6
SMPX
SNAPIN
SPANXN1
SPANXN4
SPECC1L
SPG20
SRRM2
SSBP2
STGC3
STMN1
STOM
SUGT1P
SULT1C3
SUZ12
SWAP70
SYNGR4
SYT11
TARDBP
TBC1D2B
TBC1D9
TCF25
TDRD7
TGDS
TLX2
TMED3
TMEFF2
TMEM194
TMEM2
TMEM50A
TMEM89
TRAK1
TRIM2
TRIM72
TSC22D3
TSPAN12
TSPAN15
TSPYL4

TTC33
TTLL12
TTLL5
UBR4
UBXD2
UBXD8
UNC84A
UNC84B
WAPAL
WBP2
WDR37
WDR47
WDTC1
WSCD1
WWC1
XPO6
ZBTB1
ZBTB43
ZC3H13
ZC3H3
ZC3H7B
ZCCHC14
ZFPM2
ZFYVE26
ZHX2
ZHX3
ZIM2
ZNF281
ZNF318
ZNF423
ZNF510
ZNF705A
ZZEF1

Microfluidic Cell Culture

RNA Interference

Screening at the Microscale

Microfluidic Chips for RNA Interference Screening
Benjamin Schudel, Brooke Harmon, Oscar Negrete, Anup Singh

Department of Biotechnology & Bioengineering, Sandia National Laboratory

Sandia is a multiprogram laboratory supported by Sandia Corporation, a Lockheed 
Martin Company, for the United States Department of Energy’s National Nuclear Security 
Administration under contract DE-AC04-94A185000. 

RNAi Screening

Schudel, Lab on a Chip,
2009, 9, 1676.

Advantages: One way to achieve higher experiment densities than current high
throughput systems involves using microfluidic devices, to achieve volumes below
that of well plates (nanoliters vs. microliters). Microfluidic systems, with nanoliter or
sub-nanoliter volumes, can perform similar screening experiments, but use less time
and reagent with results equal to that of larger scale screens. As an example, the
above pictures show a combinatorial chemistry chip with reactor volumes of 200 pL.

Methods: The creation and control of nanoliter and sub-nanoliter fluidic reagent-
containing plugs for the chip above was performed using multilayer soft lithography
(MSL) in PDMS. An elastic polymer, PDMS is used to develop a device with a control
layer and a thin, easily deformed fluid layer. By permanently sealing these water-tight
layers together, a device is crafted that can selectively bend portions of a chip,
forming fluidic pockets of fluid that can be mixed, separated and stored for
subsequent analysis.

Design: The RNAi microfluidic screening chip is designed with an array of 96
isolated wells that can be treated with a library of RNA compounds spotted directly
onto a glass slide. At left, a schematic of the device demonstrates separation of
patterned cells in a microfluidic device, with media exchanged operated mainly by
diffusion. At top right, three wells are loaded with HeLa cells and cultured for 48
hours. A live/dead stain performed at 48 hours demonstrates a significant number
of cells remain viable at the 2-day point.

RNAi Library Delivery

Cell Infection On Chip

Procedure: RNA is spotted directly onto a glass slide pretreated with poly-L-lysine.
Spots 500µm are dotted using a microarray, creating a library that is stable for up to
a year. Above, red and green labeled RNA are spotted with and without
Lipofectamine 2000 (+). 293T cells are seeded across the glass slide within a cell
culture dish. Only the spots with Lipofectamine and labeled RNA fluoresce after 24
hours of incubation, demonstrating transfection of RNA into cells culture directly onto
a glass slide. Some cross contamination can be seen in the spots, which can be
remedied with the use of microfluidic devices.

Capability: The microfluidic screen
utilizes the modified virus strain
used in the benchtop screen
(RVFV-MP12-GFP). Upon infection,
the virus will produce GFP, which
can be quantified as a function of
infection rate. At right, two wells are
cultured with HeLa cells for 24
hours. After exposure to the virus, a
fraction of the cells will turn green
within the device. Variations from
well to well will need to be
accounted for in the final chip using
intra-well controls.

Results

Library Patterning: Red and
green-labeled RNA has been
printed and aligned to a 96-well
device with spots 450 µm wide.

RNA Transfection: Here, the
Sandia thunderbird design is
shown with 293T cells uptaking
red and green labeled RNA
patterned across 96 wells 1 nL
in volume. Under media flow,
these wells demonstrate a
discrete isolation of the spots
within the device, which show a
lack of cross-contamination
despite open wells. In
subsequent tests, a full library of
gene-specific RNA will be
printed followed by infection with
GFP producing RVFV virus.

500 µm

500 µm

Method: RNA interference is a
biological technique used to knock
down gene expression within the
cell by using corresponding small
RNA. This technique can be used
to individually analyze the
participation of a gene in an
infection process. Given the tens of
thousands of human genes, a high
throughput process is required to
examine the impact of each gene.

Rift Valley Fever Virus

Structure of RVFV (Smith, PNAS, 2010)

Occurrences: Recent outbreaks
have occurred in the sub-Saharan
South Africa. RVFV is particularly
lethal to livestock, infecting cattle,
sheep, camels, and goats.
Lethality rates in livestock strongly
correlate to age: 10% of older
livestock such as sheep, 90% of
lambs, and 100% of fetuses die
during the course of infection.Outbreaks of RVF Virus, 

CBC-ED (www.bepast.org)

Challenge: Rift Valley Fever
Virus (RVFV) has been identified
as a potential bioterrorism threat,
due to its impact on livestock and
animal-to-human transmission.
No vaccine is available
commercially at this time. Due to
the nature of this threat, it is
important to develop a deeper
understanding of how human
genes participate in infection.

Technique: Reverse transfection is performed on cells in a
microtiter plate, using two different methods of transfection.
Scrambled sRNA (Control), GFP-knockdown sRNA (GFP) and no
RNA are introduced to each well at 10, 50 or 100 nM in
concentration. Transfection protocol is followed for each well. 24
hours later, the cells are exposed to RVFV-MP12-GFP, which
produces GFP upon infection in the cells. Cells are lysed, and
then inserted into a plate reader to be scanned for GFP. The
graphs above demonstrate the normalized fluorescence results.

RNA Interference

384-Plate washer from BioTek
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