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The Transfection Experts

BREAKTHROUGHS in TRANSFECTION
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T fecti : . ]
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m

wCOMPLEMENTING TRANSFECTION
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wDirect tracking of nucleic acid deliveriabell T®
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_ wHigh performance animal free reagenfransT2020
SR High yield protein production in suspension cellean$T-PRO
20082011 wBiologically relevant transfection3D Transfection System
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Transfection= Research

Cell Biology Research

High Throughput Screening

In Vivoapplications
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Transfection= Research
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What is Transfection?

P
?@tktiun&ry.cnm transfection Search
Origin:
1964; trans- + (in)fection = infection of a cell with isolated viral nucleic acid followed by

production of the complete virus in the cell
also : the incorporation of exogenous DNA into a cell

TRANSFECTION

Plasmid o
Cytoplasm

RNA /M - e /i

N W

(Not Drawn to Scale)
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How does FB define Transfection?

facebook = &

s What is Transfection? Contest

Back to Mirus Bio LLC - The Transfection Experts

Discussion Board m Start New Topic

Topic: What is Transfection? Contest Reply to Topic

“When your DNA is cold and lonely,

¥ looking for a home,

AND \ transfection is the key to the front door.”
THEVTINNE :
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Transfection Methodologies

Reagent based

CALCIUM PHOSPHATE

/I_IPIDS \

oLCationic Lipids
oliposomes

Instrument - based

ELECTROPORATION
CATIONIC POLYMERS

wiPolyethyleneimine OTHER
ouBasic proteins/peptides
oDendrimers

oDEAEdextran

wMicroinjection
wBiolisticdelivery
wMagnetic transfection

Virus- mediated
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Simple Transfection Reagent Protocol

)

i

1. Dilute reagent in serum - free media

D ¢

2. Add DNA

0

)&=C

3. Mix and incubate at
room temperature

Q ~ame

. : 1
4. Add complexes directly to cells in
serum containing media é

sc )
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Why do we needlransfectionReagents?

~
( -
J
ol
(-) charge
+
Transfection Complex —
Formation
(+) charge (+) charge

Neutralization of the negative charge
& DNA condensation

: N “."j.‘ =z S (Not Drawn to Scale)
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What happens during Transfection?

Endocytosis
Clathrin-dependent Caveolin-dependent Macropinocytic GEEC pathway Flotillin-dependent

) Hip Dynar BARS dcd

AP2 Myosin Src Rac1 ARHGAP10

Eps15 PAK1

Epsin Src

Clathrin Caveolin Flotillin
Actin

J Cell Biol. 2008 Jan 14;180(1)17

(Not Drawn to Scale)
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What are Transfection Reagents made up of?
Cationic Lipids

cl

O
DOTAR 1,2-dioleoyt3-(trimethyammonium) propane \/W\/;/\/\/\)Lo/}(\?}(
/\/\/\/\:/\/\/\/\n/O H
o

: : : : ANNSASAAANAANAANAT
DDAB- Dimethyldioctadecylammonium(Bromide Salt)\/\/\/\/\/\/\/\/\/'\( o

LIPOPLEXES

" Cationic Lipid
O Plasmid DNA > 0 00 0 00 00 0 0 O

Net (+) Charge

(Not Drawn to Scale)
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What are Transfection Reagents made up of?
Helper Lipids

DOPE Dioleoylphosphatidylethanolamine

Cholesterol

LIPOSOME MULTILAYERED LIPOSOME

Cationic Lipid
+ Helper Lipid

@) Plasmid DNA

Net (+) Charge

(Not Drawn to Scale)
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What are Transfection Reagents made up of?

Cationic Polymers

Very effective nucleic acid condensing agents

Linear PEI Branched PEI
NH,
H, NH,
H, HI S NI TSN o
H

Quaternary amine <H2 \ E}/ —

% .
. . Secondary aming
Primary amine

—=(Cationic Polymer
O Plasmid DNA

Polyplex
(DNA Polycatior)

Net (+) Charge

; P (Not Drawn to Scale)
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What are Transfection Reagents made up of?

Lipid & Polymer Combinations

Synergistic combinatiowg Effective condensation and complexation

Lipopolyplex
(DNA Lipid, Polycation)

| Lipid
—=Cationic Polymer
O Plasmid DNA

Net (+) Charge

(Not Drawn to Scale)
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Other features of Transfection Complexes

u CHEMICAL COMPOSITION
u TYPE OF COMPLEX

U SIZE OF TRANSFECTION COMPLEXES
u 40-1000 nm

u CHARGE
ATransfection complexes should have a net cationic charge

APositive surface charge densitfeta potential (+mV)
ACHARGE RATIO

(+) charge

16
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N/P Charge Ratio

Branched PEI HQ-H—:}@
N NH o =
\/\NHZ 2
0
HEI—II:!‘—G‘K_?
N+ N 0 I
RS NE AN N~
H i
HO-P-0O
Quaternary amine NH, \ Tertiary amine 0 w
—Z Secondar amina i
Primary amine Y HG_E_G |--D--F

N/P ratio =Reagent concentration in Nitrogen residues (mM)
DNA concentration in Phosphate moieties (mM)
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Why Reagent: Nucleic Acid Ratio Iis important?

N/P ratio =Reagent concentration in Nitrogen residues (mM)
DNA concentration in Phosphate moieties (mM)

1.E+07

1.E+07

BE+06

B.E+06

4 E+HI6

2E+06

Luciferase Activity (RLUs)

DE+ID -

1.5 3 4.5 6 2 4 6 8 16 4 6.4

Reagent A Reagent B Reagent C
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Evaluating Transfection
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Performance

Total Luciferase Activity/Well (RLUs)

Reporter Systems

GreenFluoresceirProtein (GFP)

Luciferase

b - galactosidase

Secreted Alkalinhosphatas¢SEAP)

25 7

e A “ ‘.
"\m;‘-s \ r°£~w W ';‘éf.&s\‘
r\l“l Jt\k\ "J‘,};‘\'éf;:‘}‘g'

'
-,"}'\ 4 b W

R

Relative Levels of
Secreted Alkaline Phosphatase

(as determined by 0.D. 405 nm)

1,400,000,000

1,200,000,000

1.000,000,000

800,000,000 A

600,000,000 -

400,000,000 A

200,000,000 4

04

AB4G

CHO-K1 COS8-7 HEK283 Hela  NIH3TZ  Vero
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VisualisingNucleic Acid Delivery Directly

Label IT* Reagent Plasmid Labeling
: ) : Chemical Structure Protocol Overview
LabelingNucleicAcid |
Plasrmid
00
H or Biatin
wFluorescent labeling x
" ! Label IT® Reagent
—CH,
> M
NH Incubate 1 hr @ 37°C
Purify
o —CH, o

Cl Covalent Bond = @ ©

Labeled Plasmids
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Retaining Function during Nucleic Acid Tracking

Very high labeling efficiencies can

ACause quenching - COS7 cells
A Affect functionality
14
1001 R Crramin
.§ ’ 3 Ocy3
Gene expression gé w{ L5, 2 D biotin
. . B3
ATranscription < Z
ATranslation 5T . 2
= B 40 LT
Knockdown 52 s
T . ’G-J. 50
AHybridization ] 2 @ .
892 83 100
. h
5-10 10-20 20-35 40-55 60-100

Number of Labels per Plasmid

MOLECULAR THERAPY Vol. 8, No. 2, Augus

. ' V ” \ 7 %
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Retaining Function during Nucleic Acid Tracking

CO¢%/ cells He_La cells _
Rhodaminelabeled DNA expressing YFP Fluorescein labeled siRNA

24 Hours

% Target Gene Expression

MOLECULAR THERAPY Vol. 8, No. 2, August 2003

MII'US The Transfe‘bf‘. on Experts” Lavered SRAZ
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Which Cell Types are commonly transfected?

Cell Lines and Hybridomas

The ATCC Cell Biology Collection is the most comprehensive and diverse of its kind in the world, consisting of over

3.600 cell lines from over 150 different species. It holds over 950 cancer cell lines, 1.000 hybridomas and several special
collections including stem cells.

Primary Cells

. s |
Embryonic Stem Cell Products T \ || @

Source : ATCC website

23
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Transfection Workflow
How can we improve transfection performance?

- Media
1. Dilute reagent in serum - free media %
1 Nucleic Acid
.”((l
2. AddDNA o Complex Formation Time
\_/
l

3. Mix and incubate at Cell confluence/density

room temperature [
4. Add complexes directly to cells in ; I
' serum containing media é Harvesting Time

s -
Y . abd

£ V v \
M]rus The Transfec

oV oV ; ¢
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Transfection Complex Media Compatibility
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1. Dilute reagent in serum - free media =

2. Add DNA

3. Mix and incubate at
room temperature 3

4. Add complexes directly to cells in
serum containing media

Y

g -
M]rus The Transfeféh‘
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Antibiotics
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Serumfree media affects Transfection
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30% -

GFP (%)

25% A
20% A
15% A
10% -
5% 1
0% - T

NIH 3T3 cells

Y

£ .
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Protein yields are affected by media

Applications where final cell 170
densities is important:

A Therapeutic Protein 1500
Production-
U Antibodies 1250
U Growth factors -
2 1000
&
=
E 750
Z
200
250
0

CHGS cells

Trans|T-PRO® +
PRO Boost Reagent

B 0 Select™ CO1000 Madium

B ED Select™ CHO Medium

- FreaStia™ CHO Expraasion Madum

B FowerCHO®? GO Medum
FroCHO™ Medum

27
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Factors affecting Transfection Performance

1. Dilute reagent in serum - free media

) -

Nucleic Acid

2. Add DNA

0

|l €

3. Mix and incubate at
room temperature

s )

| L i
4. Add complexes directly to cells in
serum containing media g
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The Quality of Nucleic AcidDNA

U Contaminants, such as protein, carbohydrate and lipids may affect transfection
efficiency.
U Ideal plasmid preparation exhibits an A260/A280 ratio of > 1.8.

Endotoxin contaminated DNA inhibits transfection

COS7 cells
30
— O-Antigen
= 25 4
=5
=
—_— Care % 20 4
g
Z 15
i
£ 10 4
— LipidA B
3
pr 5 -
LIPOPOLYSACCHARIDE a | |
Commercial Plasmid Crude Plasmid  Crude Plasmid with 3 Rounds of
(35 EU/ma) (11,835 EU/mg) MiraCLEAMN Treatment

(10EUmag)
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The Features of Nucleic AcidinRNA

MRNA Can Be Produced by Vitro Transcription

—-— Protein Coding Sequence

5 GAP
V\AAAAAA 30

MRNA

- CAP analog or IRES can substitute for natural capping

-t2teé! GFrAft OFYy 0S | RRSR o6& t2fée! LRftey

i iy
i M]rus The Transfeb‘h‘ on Experts’
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MRNA Tailing improves Expression

Luciferase values (RLU:

30,000 -

25,000 +

20,000 ~

15,000 -

10,000 -

5,000 -

Effect of Tailing on the expression of luciferase transcript

RAW 264.7 cells

Cells alone

Tailed transcript

B 14 hr harvest
B 24 hr harvest

48 hr harvest

Non-tailed transcript
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Nucleic Acid Dosage MatterdDNA

TrandT®LT1 Reagent

8.E+07
) BT . 3 ul reagent/1 pg DNA
D
_
o 6.E+07 . 1.2 pl reagent/0.4 pg DNA
2 5.E+07 A
=
3} 4E+07
<
o
] 3.E+07 A
©
2 2 E+07 A
(&)
>
- 1.E+07 -
COSs-7 CHO-K1 HEK 293

f. - 1
i M"’US The Transfection Experts”
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Nucleic Acid Dosage MatteicmRNA and siRNA

GFP expression from a capped and polyadenylated mRNA encoding GFP
DC2.4 Dendritic cells

0.5 ug

Data courtesy Kyle

-
M]]"us The Transfeb‘h‘

1.0 ug

Phua, Duke University

Firefly Luciferase Expression (%)

on Expertls"

2.5 ug

COS/ cells

20 23

Final Concentration or siRNA Delivered (nM)
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Overexpressing Toxic Proteins

3,000,000 -

Lower plasmid dosage for the toxic protein
Add empty norcompeting cloning vector

B Hela cells

3

é_ Hela cells

E 1,000,000 - pUC18(ug) 0 0.25 0.5 0.75
PEGFP(ug) 1 0.75 0.5 0.25

pUC18(ug) | 0.00 0.25 0.50 0.75 1.00

pClLuc (ug) 1 0.75 0.50 0.25 0
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Different Cotransfection Scenarios

Same Nucleic Acid 8-17 Influenza Viral Plasmids
O
0O

Transfect with TransiT*-LT1 Reagent

U Multiple Plasmid DNAs
U Multiple siRNAs
U Multiple Oligos
GadzZf GALX S Ywb! aX

o%o
0 60°

Expression,
Replication and
Packaging

Recombinant Influenza Virus

Always premix multiple nucleic acids to prevent preferential
complexation with transfection reagent

Choose the molar ratio of multiple plasmids carefully

35
© 2011 Mirus Bio LLC. All rights reserved.




www.TheTransfectionExperts.com

Different Cotransfection Scenarios

Different Nucleic Acids Plasmid DNA SIRNA

L. Dilute TransiT-TKO® 1
1. Dilute plasmid DNA l Transfection Reagent

i Plasmid DNA + siRNA Somlnardne |
t Plasmid DNA + Oligo | j | E
Ut fFaYAR 5b! b Y

bt 5 * i and bt &+
and mix.
Form complexes separately j E
3. Incubate (15-30 minutes).

3. Incubate (15-30 minutes).

L 15-30 minutes l 15-30 minutes

Mix complexes before adding to cells

24-72 hours

i £
i M"’US The Transfeb‘h‘ on Experts”
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Complex Formation
Time

Factors affecting Transfection Performance

1. Dilute reagent in serum - free media

) -

2. Add DNA

0

Complex Formation Time

|l €

3. Mix and incubate at
room temperature

s )

| L i
4. Add complexes directly to cells in
serum containing media g
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Complex Formation

Time

Transfection Complex FormationDNA

CHOK1 Cells TrandT®LT1 Reagent

2.0E+16

1.6E+18 /‘/‘_\*i
1.2E+18 /
8.0E+10 /
4.0E+10 /

O.E+10 I I I I !
0 10 20 30 40 50 60

Luciferase Activity (RLUS)

Complex Formation Time (minutes)

(Not Drawn to Scale)

74 <
£ VIITus. | e transtec
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Complex Formation

Time

Transfection Complex Formation TimenRNA

60,000,000
CHOK1 cells

2 50,000,000 4
x
c
IS
(V)]

@ 40,000,000
o
X
L
Q

2 30,000,000
D
‘O
>
|

20,000,000

10,000,000

0

0 5 10 15 20

Complex Formation Time (minutes

74 -
£ VIITUS. | e transte
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Cells

Factors affecting Transfection Performance

1. Dilute reagent in serum - free media

) -

2. Add DNA

0

|l €

3. Mix and incubate at
room temperature

Cell confluence/density

s )

| L i
4. Add complexes directly to cells in
serum containing media g
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Cells

Adherent Cell Confluency

COS7 cells

NIH 3T3 cells

8.E+07

B 75% Confluency
M 100% Confluency

Luciferase Activity (RLUS)

6.E+07

4.E+07

2.E+07 I

0.E+00 + T T T
2 3 4

e

i M"’US The Transfection Experts-

Y

m l B
2 3 4

Amount of TrandT®LT1Reagentug DNA
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Cells

Suspension cell density impacts Transfection Efficiency

CHGS cells

70

60 -

50 -

40 4

% EGFP Positive

20 -

10 A

0.25 X 106 cells/ml  0.50 X 108 cells/ml 1.0 X 108 cells/ml 2.0 X 108 cells/ml

TransIT-PRO:PRO Boost Reagent:DNA (1:1:1)

== -
Y MR

e B s N
i M"’US The Transfectjon Experts-
u ‘ 1 42
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Cells

Assessing Cell Health during Transfection

Hela cells

Damaged 0
Cell
OH

Resorufin
OH

Lactate @

HC
OH

!

0
Pyruvate

The Transfection Experts-
43
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Cells
Striking the ExpressionToxicity balance
HepG2 cells
2,500,000 40
- 35
2,000,000

- 20
=) =
2 1500000 ® z
i L 20 R
e £
£ 1,000,000 =
E - 15 :5‘-

- 10

500,000
o
0 L L0
21 31 41 151 31 &1 |[1.51 311 511 1.51 2:51 3:51
Cells Trans|T*LT4 Lipofectamine™ Lipofectamine™ LTX FuGENE® HD
Alone 2000 and PLUS™

44
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Cells

Striking the ExpressionToxicity balance

HUVEC cells
00,000 7o
800,000 <
~ G0
700,000 4
— 50
® 600,000 -
z =
@ 500,000 - - 40 3
E S
£ 3
g 400,000 - g F
=l
300,000 4
— 20
200,000 -
~ 10
100,000 S
1|
21 K 41 151 31 51 1511 311 &1
y Lipofectamine™ Lipofectamine™ LTX
TransIT®-2020 2000 and PLUS™
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Cells

Mycoplasma contamination can be hard to detect

COS7 cells Cell Structure

Cytoplasmic
Membrane

Mycoplasma detection has become easy to perform with PCR based kits

Discard contaminated cultures -OR Treat with antibiotics

i \ 46

© 2011 Mirus Bio LLC. All rights reserved.



www.TheTransfectionExperts.com

Harvesting Time

Factors affecting Transfection Performance

1. Dilute reagent in serum - free media

) -

2. Add DNA

0

|l €

3. Mix and incubate at
room temperature

T
4. Add complexes directly to cells in — . .
Gerum contai¥1ing media g Harvesting Time

s )

47
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Harvesting Time

Experimental goals determine harvest time

TYPICAL HARVESTING TIMES

Gene Ovetexpression
U24-72 hours

W Day 3
M Day 5

Gene Knockdown W Day 7

2

U 48-72 hours %
E 200 4
MRNA translation z
U 4-24 hours T 100
Protein Production 0
U 2-14 days TransiT-PRO® +  25kDa linear PEI  FreeStyle™ MAX

PRO Boost Reagent

438
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Harvesting Time

Harvesting times affected by nucleic acid turnover

Firefly luc mRNA Delivered to NIH3T3 Cells uSirmnd T*mRNA Kit

4,000,000 -
3,500,000
3,000,000 ~
a
=
D 2,500,000 ~
=
2
- 4
” 2,000,000
=
<
© 1,500,000 -
@
1,000,000 ~
500,000 ~
0
0 6 12 18 24 30 36 42 48

Hours Post Transfectior

M]rus The Transfeb‘h‘ on Experts”
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Transfection Results Vary Day to Day

Luciferase Activity (RLUs)

1.4E+08

1.2E+08

1.0E+08 -

B.OE+O7 A

5.0E+07

4.0E+07

2.0E+07 A

0.0E+00

U Compare transfection reagents on the same day

U Follow reagent specific protocols

Reagent A data on Day 1 compared to Reagent B data on Day 2

M Cay 1 Transfections
M Day 2 Transfections

45 ‘ =] ‘ 3 ‘ 4.5 =]

Reagent A Reagent B

Reagent Ameount (pl) per 1.5 ug of DNA

Luciferase Activity (RLUs)

1.4E+08

1.2E+08

1.0E+08 A

BOE+QT A

G.0E+07 A

40E+07

20E+07 A

0.0E+00

Complete transfection results from Days 1 and 2

W Day 1 Transfections
M Day 2 Transfections

4.5 4.5
Reagent A Reagent B

Reagent Amount (pl) per 1.5 pg of DNA
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Electroporation

Electroporation
An option for very harato-transfect and Nordividing cells

ADVANTAGES
¢ Most efficient method for hard to transfect cells
¢ Universal method for delivering all types of nucleic acit
¢ Effective on a broad range of cell types

% DISADVANTAGES
| ¢ Requires
w Electroporation equipment anduvettes
w Largernumbers of cells
w Largeramounts of nucleic acid
¢ Higher cell death

¢ Not suitable for short term (<6 hours) expression
experiments

| m—em— , st
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Electroporation

Physical Transfection for Harm-Transfect Cells

100

=] [ae]
=] o

p-s
o

EGFP Positive Cells (%)

20 A
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Electroporation

Electroporation Workflow

1. Harvest cells

2. Wash cells and
resuspend in Ingenio Solution

3. Mix DNA with cells,
transfer to cuvette

4. Electroporate with optimal pulse

5. Transfer electroporated cells to
culture vessel, incubate and harvest

M]rus The Transfei:‘h‘ on Experts’

L'
N
A,
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Electroporation

Electroporation causes very transiepermeabilization

[=—==-
O MO Q
| J——

'

M]rus The Transfe‘b‘f. on Experts’

(Not Drawn to Scale)
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Electroporation

Optimizing Electroporation

1. Harvest cells

2. Wash cells and
resuspend in Ingenio Solution

3. Mix DNA with cells,
transfer to cuvette

4. Electroporate with optimal pulse

5. Transfer electroporated cells to
culture vessel, incubate and harvest
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Electroporation Solution

EGFP Positive Cells (%)
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B0

40

20
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Electroporation Solution determines Expression/Toxicit

HL-80
K-562
Jurkat ES-1

SK-M-MC

100

Ingenio® PES Gene Pulser®
Electroporation Solution Electroporation Buffer

Propidium lodide Negative Cells (%)

e
Ingenic® PES Gene Pulser®
Electroporation Solution Electroporation Buffer
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Cells

Cell Density Titration
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Nucleic Acid Dosage

EGFP Positive Cells
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Pulse Conditions

Electroporation Pulse Types

Pulse Types & Conditions

~ Exponential Decay

, l Electro Square Porator » vﬂltﬂge F'ul;i.:l L
» Capacitance

®® ¢

» Resistance Time >
— Square Wave

» Voltage
» Capacitance J-u-u-u-L
» Time intervals
» Resistance

Time Constant
» Pulse applied at Constant Time
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Pulse Conditions

Striking the Efficiencyl oxicity Balance

Exponential decay

60 60
2 sof—= = 50 =
© \1’ = o
- L 40 40 @
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5% 30/ 30 2%
of \l I -E =
o 20 20 £2
& 10/ 10 &
2 0 0o &
=~ 220V | 230v | 240v | 250 | 750 uF | 850 uF | 950 uF | 1050 yF

. Voltage Titration (950 pF) Capacitance Titration (240 V)

Ingenio® (in ECM 630, GenePulser)

Exp. Decay
Primary Pulse (V) Efficiency Viability
Cells (950uF)

02cm | O4em | 02cm | O4em | 02cm | O4dcm
Mouse
Embryonic 150 230 35% 40% 65% 70%
Fibroblast
Human

150 220 | 21% | 23% | 62% | 67/%

Keratinocyte
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Pulse Conditions

Striking the Efficiencyl oxicity Balance

Sguare wave

60
50 B O — _ o B & ——a [100
- 80

40 I

20 = [ 40 .

10 . I . - 20
0 I L0

14-IJ\.I’| IED\I’| 160V ‘ 170V | 220‘ul’| 230‘-"| 240V | 250V

Efficiency
(% EGFP Positive Cells)

Viahility
(% P.I. Negative Cells)

- 0.2cm Cuvette 0.4cm Cuvette
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Experimental Goa{ Single most decisive factor

wTransfectionor- Electroporation
wDifferent Nucleic Acids
wGene Oveexpression
wGene knockdown
wCotransfections???

Output

wlmaging
wFlowcytometry
wWestern Blots
wReporter Assays
wQPCR
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Pick the correct Transfection Reagent for your cell type

NEW! Reagent Agent”

HEAGEMNT ADDRT™

Transfection Search Application Search
Cell Type: Cell Source:
The cell type you are transfecting The source of the cell type you are transfecting
Type for Auto-Complete or Select a Value Type for Auto-Complete or Select a Value

- -

Mucleic Acid: (Required . .

ucleic Acid: [Required) , — SELECT A NUCLEIC ACID - -
The nucleic acid you are transfecting
Transfection Type: (Required) Chemical Transfection Electroporation
Are you interested in?

Get Recommendations .

Reset Form
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Speakihe TransfectionExperts

www.TheTransfectionExperts.com

Request free samples of
our unique low toxicitytransfectionreagents at:

http://www.mirusbio.com/sample_reguest

For technical inquires, contadechsupport@mirusbio.corr
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