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siRNA and shRNA endogenous 
pathway

http://www.sigmaaldrich.com/img/assets/21260/Mission-Pathways.gif



- LOW EFFICIENCY / LOW VIABILITY
- NOT EXTENSIVELY USED / NO 
STANDARDS

-HIGH CELL VIABILITYOPTICAL INJECTION

-LOW CELL VIABILITY
-LOW THROUGHPUT
-HIGH OPERATOR SKILL REQUIRED

-HIGH TRANSFECTION EFFICIENCY
-SITE SPECIFICITY (TARGETTED DELIVERY)

DIRECT INJECTION

-LOW EFFICIENCY / LOW VIABILITY
-EXPENSIVE EQUIPMENT SETUP

-TRANSFECTS VARIETY OF CELLS
- MODERATE SKILL SET REQUIRED

GENE GUN

-PRIMARY CELLS HARD TO TRANSFECT
-CYTOTOXICITY
-EXPENSIVE REAGANTS

-EASE OF USE
-MODERATE TRANSFECTION EFFICIENCY
- TRANSFECTS ADHERENT CELLS

LIPOFECTION

-DIFFICULTY LEVEL IS HIGH
-TIME-INTENSIVE

- HIGH VIABILITY / MODERATE EFFICIENCY
- TRANSFECTS VARIETY OF CELLS
- PRIMARY CELLS TRANSFECTED
-TRANSFECTS ADHERENT CELLS 

VIRUS VECTOR

- LOW  TRANSFECTION EFFICIENCY 
- LOW VIABILITY
- CANNOT TRANSFECT ADHERENT CELLS

- TRANSFECTS VARIETY OF CELLS
- EASY OF SETUP

BULK 
ELECTROPORATION
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TRANSFECTION OF EXOGENOUS
MOLECULES INTO MAMMALIAN 
CELLS 

proteins

dna

??



Transfection Molecules
DNA
• Plasmid Vectors- Composed of 

covalently closed circles of 
double stranded DNA

• Size: 1-200 kilobase pairs
• Self replicating; 

Extrachromosomal
RNAi
• shRNA-long term protein 

suppression
• siRNA-transient protein 

suppression
• 20-25 nucleotide base pairs

Neurons transfected with GFP plasmids

http://www.abcam.co.jp/ps/datasheet/images/ab6556_3.j
pg

Structural Comparison of shRNA vs siRNA

http://www.systembio.com/images/RNAiLentivectors/H1cassette.gif

Structure of shRNA and siRNA directed 
towards the same target of firefly luciferase

http://www.epibio.com/pdfforum/11_2_12-13.pdf



Non Viral delivery Techniques

• Microinjection
• Particle Bombardment-Gene Gun
• Lipofection
• Magnetofection
• Sonoporation
• Electroporation



Microinjection
• Directly introduce 

DNA/Molecules into the cell. 
• Hydrostatic pressure is 

used to deliver material via 
a glass microinjector.

• Pros- Highly efficient 
method for pronuclear 
injection of DNA

• Cons-Laborious procedure; 
only one cell at a time can 
be transfected; unpractical 
for targeting large 
populations of cells

• Currently the technique is 
very commonly used to 
produce transgenic animals

http://www.ohsu.edu/research/transgenics/images/microinjection.jpg

(Mehier-Humbert ,  Sophie et al. 2005)



Particle Bombardment
• Biolistic Delivery – Transfecting cells by bombarding them 

with microprojectiles(ex-gold beads) coated with DNA 
• Major application in genetic immunization targeting skin. 

Other targets successfully tested so far include  brain and 
liver.

• Pros- An efficient transfection methods in terms of amount 
of plasmid needed; transfect variety of cells

• Cons-Low DNA carrying capacity of the bombarding 
particles;  cannot target deep tissues; 

(Mehier-Humbert ,  Sophie et al. 2005)

(http://www.brookscole.com/chemistry_d/templates/student_resources/0030244269_campbell/images/hottopics/GeneGu
n.gif)



Lipofection
• Liposomes are amongst the most 

popular delivery vectors

• Lipids form outer coat of the 
liposome particle, surrounding 
molecule to be delivered

• Usually the delivery molecule is 
negatively charged( plasmids, 
RNAi, etc), and therefore cationic 
lipids readily form an outer shell 
surrounding them

• The complete particle is taken up 
by endocytosis

• Pros- Ease of use; moderate 
transfection efficiency; transfect 
adherent cells

• Cons-Primary cells hard to 
transfect; cytotoxicity; expensive 
reagents 

http://www.nano-lifescience.com/images/dna-
transport.gif

(Mehier-Humbert ,  Sophie et al. 2005)



Magnetofection
• Magentofection exploits magnetic force exerted upon gene 

vectors to move them towards the target cells and encourage 
endocytosis

• Achieved by associating DNA with magnetic nanoparticles coated 
with cationic molecules. 

• Pros – High transfection
efficiency; Low toxicity

• Cons- Efficiency depends 
on the ability of DNA to 
complex with 
nanoparticles; poor 
efficiency with naked DNA

(Mehier-Humbert ,  Sophie et al. 2005)

http://www.chemicell.com/products/magnetofection/_img/magneto1.jpg



Sonoporation
• Ultrasound is applied to 

the cell membrane to 
increase its permeability

• It is believed that 
acoustic cavitation is the 
probable mechanism 
involved in Sonoporation

• Contrast agents (EX-
Albunex), which consists 
of elastic and 
compressible gas-filled 
microbubbles, to 
promote ultrasound-
mediated transfection

(Mehier-Humbert ,  Sophie et al. 2005; Kinoshita, Manabu et al. 
2005)



Mol. simulation ( electroporation )

Ref: D P Tieleman BMC Biochemistry 2004, 5:10

Current techniques for spatial-controlled 
electroporation 

Single tadpole 
neuron 
transfected 
with rhodamine 
tagged dextran

Ref: Haas et al. , Differentiation (2002) 70:148–154

Site-specific 
electroporation 
using
microelectrode 
fibers

Ref: Lundquist et al., PNAS (1998) Vol. 95, 10356–60

Electroporation on a microchip

Ref: Lin et al,  Lab on a Chip , (2004), 4, 104-108

26x29 nm lipid bilayer

E=0.5 V/nm

(Akaneya 2004)



Current densities around 
microelectrodes

(Jain and Muthuswamy, Lab on a Chip, 
2007)



Electroporation using 
microelectrode arrays (MEA)

PackagingFabrication Process

Biocompatibility with NIH3T3

(Jain and Muthuswamy, Biosensors and 
Bioelectronics, 2007)



3T3 cells

(Jain and Muthuswamy, Lab on a Chip, 
2007)



Spatio-temporal electroporation of 
PI in neurons



Spatio-temporal electroporation of 
siRNA



Transfection of neurons

(Jain and Muthuswamy, IEEE TBME, 2008)



Transfecting neurons with 
siRNA

Figure 4. Site-specific transfection of siRNA. A) Image 
demonstrating electroporation of targeted neurons with Alexa-
488-Fluor conjugated siRNA on three microelectrodes in the 
left column of the MEA using the optimized parameter set (4 
V, 1 ms) and B) Cell death assay using Ethidium Homodimer-
I showing neurons are not stained dead post-electroporation. 
White arrows indicate neurons that are successfully 
transfected with siRNA. Black arrows indicate electrodes that 
were stimulated with the optimized electroporation parameter 
set while the microelectrodes in the right column were not 
stimulated. Scale bars: 100 µm.

(Jain and Muthuswamy, IEEE TBME, 2008)

“Microchip Enables 
Electronic Gene Injection,”

IEEE Spectrum, Feb 2008

http://www.spectrum.ieee.or
g/feb08/5944 



Polysilicon microelectrode 
arrays

RIE etching of oxide

Spin coat photoresist and use mask 1

Thermal evaporation of chrome 

Lift-off with acetone

RIE etch polysilicon

Wet etch chrome

Poly microelectrodes

Insulate with PECVD nitride

Spin coat photoresist and use mask 2

Develop photoresist

RIE etch nitride

Remove PR using Microstrip 2001

(Saha and Muthuswamy, Biomed Microdevices, 
2007)

For cell cultures



Recording

• Recording of spontaneous action potentials was carried out using
PLEXON multichannel acquisition processor.

High doped array: Vpp=80µV
Noise: 8µV

Low doped array: Vpp= 30µV
Noise: 10µV

Signal amplitudes from higher doped arrays larger; so are the signal-to-noise ratios.

Action potential Action potential 



5 day culture
18 day culture

Primary neuronal culture on 
polysilicon MEA



CMOS – fluidic hybrid 
systems

Lee, Ham and Westervelt, 2007



Targeted delivery of nucleic acids in 
vivo
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Current negative

Current positive

Inactive

Previous positive

Previous negative

1105.0v

PulsesmsecVoltage

Before After

Electroporation 3 ( t=60 mins )

Spatial-temporal electroporation



1105.0v

PulsesmsecVoltage

Further optimization studies for electroporation in 3T3

Best transfection efficiency
Parameters tested

No stimulus5

110 ms5.04.

11 and 10 ms4.03.

11 and 10 ms3.52.

11 and 10 ms3.01.

PULSESFREQUENCYVOLTAGE

Brightfield image with 
3T3 cells and 
electrode array

Fluorescent image of 
Propidium iodide 
transfection into 3T3

DAPI stain of for 
nucleus to estimate 
cell density





ELECTROPORATION

Mechanism
• Application of short electrical pulses (us to sec) results in 

elevated transmembrane potential and resultant electric field 
across the membrane 

• Charging of the membrane due to ion flow
• Rapid localized rearrangement of the molecular structure of 

the membrane
• Formation of aqueous/hydrophilic pores
• Tremendous increase in ionic and molecular transport through 

the newly formed membrane pores
• Membrane recovery

(Weaver 2003; Chen, Smye et al. 2006)



ELECTROPORATION

Single tadpole 
neuron 
transfected with 
rhodamine
tagged dextran

Electroporation on a microchip

invivo Electroporation

(Akaneya 2004)

(Haas 2001)

(Lin 2004)



CMOS-Neural Interface 

• The same interface can transfect(electroporation), 
record and process neural data.

• Raj’s pictures on polysilicon MEA processing, MUA 
data, CV, EIS etc



Delivery Technologies

plasmids

siRNA

drugs

proteins

dna

??

• Viral Methods
• Non Viral Methods

• Disadvantages of 
viral methods
- Host immune 
response
- Viral toxicity
-Difficult to prepare
-Limited spatio-
temporal control



Neural prostheses
• Neural prosthetics are electronic interfaces with the brain for 

detection/restoration of physiological functions.

• Research in neural prosthetics has mostly been directed by 
chronic  implantation of recording/stimulation units within brain 
tissue to record (detect) and stimulate (repair) neurons.

interfaceRecording/detection

Stimulation/Repair

A 130Hz stimulation (~1V) improves clinical conditions for patients with PD.

Rec. equipment

Stim. equipment



Cell culture
• Neurons from somatosensory cortex of rodents were extracted from 

live tissue

(Brainbits LLC).

• The microelectrodes were coated with polyethylinimine and laminin
for better adherence.

• Approximately 60,000 neurons were cultured (1ml of Neurobasal) in 
each well and kept in an incubator.

• The cells were periodically checked using live-dead cell assay 
(Invitrogen).

100� m
50� m

5 day culture

18 day culture



DNA-Transcription and 
Translation

http://en.citizendium.org/wiki/Gene



Sonoporation
• These echo-contrast 

agents are believed to 
lower the transfection
threshold, by acting as 
cavitation nuclei

• Bubble implosion may form 
localized jets that would 
function like a random 
array of  microneedles, 
opening pathways through 
the cell membrane

• Pros – Imaging during 
treatment; Novel bubble 
formation

• Cons- Transfection
efficiency is directly related 
with toxicity

Sonoporation efficiency of C166 cells

(Mehier-Humbert ,  Sophie et al. 2005; Kinoshita, Manabu et al. 
2005)


