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Non-Viral Gene Delivery with Cationic Liposome-DNA

Complexes

Kai K. Ewert, Ayesha Ahmad, Nathan F. Bouxsein, Heather M. Evans,
and Cyrus R. Safinya

Summary

A large amount of research activity worldwide is currently directed towards developing
lipid- or polymer-based, non-viral gene vectors for therapeutic applications. This strong
interest is motivated by their low toxicity, ease of production, ability to transfer large pieces
of DNA into cells, and lack of immunogenic protein components. Cationic liposomes (CLs)
are one of the most powerful non-viral vectors. In fact, CL-based vectors are among the
prevalent synthetic carriers of nucleic acids currently used in human clinical gene therapy
trials as well as in cell transfection applications for biological research. Our understanding
of the mechanisms of action of CL-DNA complexes is still in its infancy. However, the
relevance of a few crucial parameters, such as the lipid/DNA charge ratio ( Pehg) and the
membrane charge density of lamellar complexes (o). is well established. To arrive at
true comparisons of lipid performance, one must optimize both these parameters using a
reproducible, reliable transfection assay. In this chapter, we aim to provide the reader with
detailed procedures for liposome formation and transfection. It is our hope that the use

of such optimized protocols will improve the comparability of transfection data obtained
with novel lipids.

Key Words: Cationic liposome; cationic lipid; transfection; lipofection; non-viral;
gene therapy; gene delivery.

1. Introduction

There currently is a large amount of interest in the development and
improvement of new methods to deliver genes, i.e., DNA, to cells, motivated
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mainly by the promises of gene therapy. Most current methods of gene therapy
start with a vector, containing the therapeutic gene, which has the ability to
transfer the gene into cells. This vector is then applied in either ex vivo or in
vivo transfer methods (I). In the ex vivo method, cells derived from patient
tissue are transfected in vitro, possibly selected for successful gene transfer, and
then returned to the patient. The in vivo method may involve either systemic
delivery, e.g., by i.v. injection, or local application of the vector, e.g., by
injection into tumors (2,3).

Gene delivery vectors may be divided into two major classes. Viral vectors are
based on replication-deficient engineered viruses, which include retroviruses and

adenoviruses among several others (4). Their main advantage is high gene transfer

efficiency, bothin vitroand in vivo. There are, however, safety concerns associated
with the use of viral vectors, which have been highlighted by a few recent
setbacks (5,6). In a prominent example, 3 of 11 patients developed a leukemia-
like disease caused by insertional mutagenesis. This marred the first clinical
success of gene therapy, which had managed to correct X-linked severe combined
immunodeficiency (SCID-X 1) with an engineered retrovirus vector (7-9).
Synthetic vectors, which are based on lipids, polymers, peptides, or combi-
nations of these (1,10-14), are gaining importance as a safe alternative to viral

vectors (15). They have other advantages as well: their preparation is facile and

straightforward and several parameters can be tuned to optimize transfection

results; they need not contain immuno-stimulating peptide or protein compo-
nents; last but not least, they do not impose a size limit on their genetic cargo.

In fact, while viral vectors have a maximum carrying capacity of about 40,000

base pairs, cationic liposome (CL) vectors have successfully been employed to
deliver human artificial chromosomes, with a size between 6 and 10 million base

pairs, to mammalian cells (16). Currently, more than 20% of open clinical trials.

of gene therapy worldwide use synthetic vectors, with CL carriers employed in
about one-third of those trials (17). :

1.1. Liposomes

Liposomes or vesicles are closed shells of lipid bilayers, which may form
spontaneously when a lipid film is exposed to water (18,19). The liposoimes

used for gene delivery typically contain at least two types of lipid, one cationic.

and one neutral. Small liposomes of a fairly uniform size distribution are the
preferred starting material for the preparation of CL-DNA complexes. These
small liposomes are typically prepared by hydrating a lipid film and treating the

resulting aqueous solution (which will contain a variety of structures, including.
large and small liposomes as well as multilamellar vesicles) with ultrasound of
extruding it several times through filters with a small (200 nm) pore size. For
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e.ffect'ive liposome formation, the temperature at which hydration of the lipid
film is performed needs to exceed the lipid’s gel-to-liquid-crystal transition
temperature', T.. Above its T, the hydrophobic chains of a lipid are in a liquid
rather than in an ordered state, resulting in fluid, flexible membranes.

1.2. Structures of CL-DNA Complexes

The first application of CLs as gene vectors resulted from a landmark stud
b-y Felgner and collaborators (20). It was originally thought that DNA woul();
simply wrap around CLs to form the complexes. In reality, the equilibrium
structures of CL-DNA complexes result after major rearrangements, as deter-
m}ned by synchrotron X-ray diffraction. To date, three eciuilibrium ’structures
of CL-DNA complexes have been discovered. These are shown in Fig. 1

The.lamellar (LS) phase of CL-DNA complexes is the most widely fo'und
It consists of stacked lipid bilayers with DNA intercalated in between (21—24)-
As an example, lipid mixtures of DOTAP (2,3-dioleoyl—l—trimethylammoniurr;
propane, a monovalent cationic lipid) and neutral DOPC (1,2-dioleoyl-sn-
gly.cero—phosphatidylcholine) form lamellar DNA complexes throughout the
enE}r}f\: compositioln range (DOTAP mole fraction).

€ commonly used neutral co-lipid DOPE (1,2-dioleoyl-sn- -

phqsph'atldylethanolamine) can lead to the formation( of a difi"zglelninstgrl:cctflrrz
which is shown in Fig. 1 (middle) (25). In this inverted hexagonal (HS) phase’
the DNA molecules are enveloped in inverse lipid micelles and assemgled on a;

Fig. 1. The three known equilibrium structures of cationic liposome

L.OI.nple-xes. (Left) The lamellar, LS, phase of CL-DNA complefes with(flt)r‘n]:tibLA
lipid bilayers and DNA monolayers. (Middle) The inverted hexagonal, H,, phase ogf
CL-DNA corfxplexes with DNA chains coated by inverse micelles and arrlzli;lged ona
hexagonal lattice. Adapted fromref. (32). (Right) In the hexagonal, HS, phase of CL-DNA
COmplexejs, cyl%ndrical lipid micelles are assembled into a hexagon;i lattice, with DNA
ﬂ;rapged 1n'the mte;stices and forming a honeycomb lattice. Schematics of thé LE and HE,
p! ases rf:prmted with permission from ref. (25). Schematic of the HS phase repri;ted witﬁ
permission from ref. (26). Copyright 2006 American Chemical Soc,iety.

Bl cmlisniisitivns.




162 Ewert et al.
hexagonal lattice. The main reason for the formation of this different structure is
that DOPE is a cone-shaped (rather than cylinder-shaped) lipid, which confers
a negative spontaneous curvature to membranes.

Very recently, we have shown that a novel cationic lipid with a large, highly
charged headgroup (16+), termed MVLBG?2, gives rise to a third structure of
CL-DNA complexes when combined with DOPC. In this structure, named HY,
cylindrical lipid micelles are assembled into a hexagonal lattice, with DNA
arranged in the interstices to form a honeycomb lattice (26).

1.3. Important Parameters of CL-DNA Complexes

CL-DNA complexes spontaneously form when solutions of DNA and small
CLs (of 50-100 nm diameter) are mixed. This self-assembly process is driven
by entropy gained from the release of counterions, which were tightly bound to
the highly charged DNA and liposomes (27,28), into solution, as the charges
on DNA and liposomes compensate each other (29,30).

A few compositional parameters of CL-DNA complexes of established impor-
tance affect their transfection efficiency (TE; a measure of the vector’s ability to
deliver the gene into cells) strongly. One of these is the lipid/DNA charge ratio
(Peng) (31). For all lipids investigated in our laboratory to date, TE increases with
Pehe UP to a saturation value; this behavior is independent from the ratio of cationic
to neutral lipid in the membrane. The investigated lipids cover headgroup charges

from +1 to +16 and varied headgroup structures. The onset of the saturation -
depends on the cationic lipid. For example, as shown in Fig. 2, p,, = 3 lies

in the saturated regime for DOTAP, whereas a group of recently synthesized

dendritic lipids required at least p,,, = 4.5 (32). Fig. 2 displays the transfection
efficiencies of complexes with 60 mol% cationic lipid for DOTAP (4-1), MVLG2 .

(+4), MVLBGI (+8), and MVLBG2 (+16) at various values of p,.

A second key parameter affecting TE of CL-DNA complexes is the

membrane charge density (o), which varies with the ratio of cationic an
neutral lipid in the membrane. The membrane charge density provides a lipid-
independent measure of how cationic a membrane is, because it is defined

simply-as the cationic charge per unit area. For example, two membranes, each
containing the same molar fraction of a cationic lipid, may exhibit very different .
values of oy, if the two cationic lipids carry a different charge (assuming
their headgroup areas are the same). At the same time, gy of two membranes .

containing very different molar fractions of cationic lipid may be similar,
if the lipids bear very different charges. To calculate the membrane charg

density, one needs to know the effective charge of the cationic lipid in DNA
complexation [which can be obtained using an ethidium bromide based assay

(33)] and the lipid’s headgroup area, which we use as a fitting parameter.
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The remarkable usefulness of the parameter oy, is illustrated in Fig. 3. The
plot on the le.ft shows TE for DNA complexes of several lipids, with hez'xd .rou
chz.lrges ranging from +1 to +5, as a function of the cationic li;:id/DOPC Ignol A
rat{o (33,.?4). The amount of DNA was kept constant for all data oints AT;
cationic lipids exhibit a maximum in TE as a function of lipid COI;)I] os"t' :
at 65 mol% for MVL2 (42), 70 mol% for MVL3 (+3), 50 mol% fof') 1\/;\1/([)115
.(+5), 55 mo%% for TMVLS5 (+5), and 90 mol% for DOTAP (+1). This result
is of ngtc with a view to literature results which often only com. are on
two rat1'0§ of cationic and neutral lipid: although the optimized TE is sinf'lor
for. all 'hp-lds, this TE appears at different molar ratios. Thus, testing only a fl -
ratios is ¥nadequate to fully assess the potential of a new ’lipid %‘he g’ tinel:“l’
molar ratios result in a TE up to three orders of magnitude large;r than tll)'l af
complexes that transfect poorly. . il
g T};{e plot on the right of F lg 3 §hows the same TE data, now plotted versus
m,\::;oeemarkab.ly, a notable S}mpllﬁcation takes place and all the data points
. acu onto a 1smgle curve. This demopstrates that the membrane charge density
complgi\ézrs;h par:%n:e.ter anfi a predictor of TE for lamellar (LY) CL-DNA
OM; : 17'(.) . (()3- ;‘f):(slll Otir‘lg( el;r‘g;/;ezz;l)-curve reveals an optimal charge density of

-ray diffraction shows that DOTAP as well as the
(LY) cationic lipid/DOPC-DNA complexes. Notably, the Thé[:;d IS)(g(’)l‘nz:Pll?Dn(l)ellJli:lf
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ining ¢ 5, whi hibit the HY; phase in the low-g,, region labeled 5
L‘Oll’t dlr::?%ntg?;p?):smg:;zde:m of ay. Tllllispdeviation from the univers'al curve
ilieiénl:i?cative of a distinctly different transfection mechanism fozi thc; ;;wened
hexagonal phase, which has also been confirmed by other metho s.( .a i
Considering the data for DOTAP/DOPE-DNA corpplexes, llt 1(111 yhiCh
tempting to conclude that DOPE is a generally be.tter choice of cfcqglf w -
eliminates the need for optimizing o,,. Howevcr,‘ mdependencs: o ro;:xe:,
is a property of complexes in the H, phase, n‘ot. of DQPE—cgntmnlng }clorrcliprou s
New lipids, and in particular multivalent lipids vsgth their la_rger. eadg ilt)h
(which can even be large enough to impos:e the HY structure in rmxturesl»\; ;
DOPC), may result in lamellar rather than inverted hexagonal DNA cfom[; exe
when mixed with DOPE. Even with DOTAP, complexes contamngP érﬁer
fractions of cationic lipid exhibit the lamellz.u' ppase. Furthermore, Dl h‘a;
turned out to be unsuitable for in vivo ap;?llcatlons wherg choles'tero, w t1(;
promotes lamellar complexes, has gained 1mp0fta'nce‘ It is thus 1rtnhport]§no p((:)
dispel the widespread belief that complexes coqtammg DOPE rather than g
as the neutral lipid are always higher transfe?tllng (36—38)...We 'have Fep.ead ayt
shown that this assessment is not true if lipid composition is optlrmzeu, as_
which point DOPC-containing (lamelllar, Lé) ;f;sn)plexes transfect as we :
5 -containing (Hj;) complexes ; ‘
theT?lis:nlzgll;Eistic implifat(ioxllls) of the data showp in Fig. 3 and detaﬂedme)C:& .
nisms for transfection with both lamellar and inverted hexagonal CL—
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10°4A. a_osand ™ ® :
. e.... i 10
§ * ot ® B =
H 10' B A g 3
54 ? A s 10
= va f E
[-1] ’
55 10’ T, 0.? 5? o & MVL2/DOPC
5 ® MVL3/DOPC
g L] g & 4 MVL5/DOPC
B gor * - -~ B ¥ TMVL5/DOPC
- & MYLYDOR " ® DOTAP/DOPC
bl ey s O DOTAP/DOPE
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Fig. 3. (A) Transfection efficiency (TE) as a function of molardfrac.tt;;)lllVI o\f, E;n(‘:.z;
lipid for cationic liposome (CL)/DOPC-DNA comp_lexes prepare ngl rbins
diamonds), MVL3 (+3, squares), MVL35 (45, triangles), TMVl Ej ,ainst M
triangles), and DOTAP (+1, circles). (B? T}'IC same T_E data pcl)ltted tag o
membrane charge density, 0. The solid line is a Gaussian fit to the da a. s [
DOTAP/DOPE complexes (open circles, HS phase) are also shown. Reprinte
permission by John Wiley & Sons, Inc. from ref. (33).
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complexes have been discussed elsewhere (33,35,39-41). In practice, to arrive
at true comparisons of lipid performance, one must optimize crucial parameters
such as Peng and oy, for each lipid

In the following, we detail the liposome preparation and cell transfection
protocol that has evolved in our group. Lipids are mixed in chloroform solution
for homogenous mixing, dried to prepare a lipid film, and subsequently hydrated
and sonicated to form small liposomes. These are combined with plasmid DNA
encoding luciferase and the resulting complexes transferred onto cells. After
i cells are harvested and the amount of expressed luciferase protein
is measured. Luciferase, the protein generating the firefly’s bioluminescence,
allows measurement of the expressed protein levels by means of a light-emitting
assay, providing for a very large dynamic range.

2. Materials
2.1. Liposome Preparation

. Small glass vials (2 ml or 4
Notes 1 and 2).
- Larger glass vials or measuring flasks for solvent
Note 2).
3. Plastic syringes and Teflon membrane filters (0.2 wm, Whatman, Florham Park,
NJ, USA).
4. Low-conductivity water (18 MQ/cm; from Millipore, Billerica, MA, USA).
5. Neutral (e.g., DOPC or DOPE) and cationic (e.g., DOTAP) lipid(s) (Avanti Polar
Lipids, Alabaster, AL, USA). Store at —20°C. (see Note 3).
6. Chloroform and methanol (ACS grade, from EM Science, Gibbstown, NJ, USA).

Inhalation, ingestion and skin contact should be avoided. They should be handled
in a fume hood.

7. Ultrasound generator
USA).
8. Incubator (at 37°C).

ml; Fisher Scientific, Pittsburgh, PA, USA) (see

(]

stock solutions (Fisher) (see

(e-g., Vibracell from Sonics & Materials, Newtown, CT,

2.2, Cell Transfection

l. 150-mm Cell culture dish.
2. 1.5-mi Centrifuge tubes (“Eppendorf tubes™).
3. 50-ml Centrifuge tubes.




166

e

=

10.
1.
12.
13
14.

15.

Ewert et al.

Hemocytometer (Sigma, St. Louis, MO, USA).

24-well culture plates (2 cm*/well).

pGL3 Control Vector (Firefly Luciferase) Plasmid DNA (Promega, Madison,
WI, USA) (see Note 4).

L-Cells (mouse fibroblast cells; from ATCC, Manassas, YA, USA; ATCC
number: CCL-1) (see Note 5).

Serum-free medium: DMEM (Dulbecco’s Modified Eagle’s Medium; Invitrogen,
Carlsbad, CA, USA).

Supplemented medium: 5% Fetal Bovine Serum (Invitrogen) in DMEM.

1 x Phosphate-buffered saline (PBS; Invitrogen).

Trypsin buffer (or TrypLE; both Invitrogen).

Liposome solutions (prepared as described in Subheading 3.1.) (see Note 6).
Passive Lysis Buffer (5x; Promega).

Luciferase Assay System (Promega).

Protein concentration assay reagent (BioRad, Hercules, CA, USA).

3. Methods
3.1. Liposome Preparation

1.

2.

For each neutral and cationic lipid, weigh out an appropriate amount of lipid in
a larger glass vial (see Note 7).

Dissolve each lipid in chloroform at a concentration of 0.6 mM (see Notes
8-11). ;
In small glass vials, combine the appropriate volumes of organic solutions of neutral
and cationic lipid(s) to make the desired lipid mixtures (see Notes 12 and 13).
Remove the solvent, using a stream of dry nitrogen gas in a fume hood (see

Note 14).
Once this has yielded a film on the surface of the vial and no visible liquid

remains, place the vial in a desiccator attached to an oil pump and incubate in
a vacuum overnight (see Note 15).

. To the dried lipid films, add the amounts of water required to prepare a solution of

the desired concentration. The typical concentration of liposomes for transfecti
purposes is 0.6 mM. ;

. Close the vials tightly and incubate them at 37°C (or above T of the us

lipid) for 4-8 h. Longer times (8 h) are usually advantageous for facile liposome
formation, but ester bonds in the lipids may be hydrolyzed upon more prolo
incubation in water, especially at elevated temperature (see Note 3).

. Place the vials in a water bath (see Note 16) and tip-sonicate the lipid soluti

for 10 min or until clear (see Notes 17-20).

. Aspirate the solution with a syringe and transfer it to a new container (gla

vial or 1.5 ml centrifuge tube) by passing the solution through a filter (0.2
pores) (see Note 21).
Store the resulting liposome solutions at 4 °C (see Note 6).
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3.2. Cell Transfection
3.2.1. Day 1: Preparing Cells in 24-Well Plates

Starting with cells that are almost confluent on a 150-mm dish, release the
adherent cells and reseed them in a 24-well plate:

I. Aspirate the medium from a 150-mm dish containin
an almost confl
of cells (see Note 22). 5 uent layer

2. Wz_lsh with 1x PBS and aspirate PBS (see Note 23).
Bnet]y coat the cells with 2 ml of trypsin buffer (see Note 24) and incubate the
dish at 37 °C for no more than 5 min.

4. Transfer the cells to a 50-ml centrifuge tube using 15 ml of
suppl

el g pplemented DMEM
5. Determine the cell density using a hemocytometer (see Note 26).
6. Adc(ii 500 pl of supplemented DMEM to each well of a 24-well plate that is to be

used.
[ ';C:ICUIS[C the required volume of cell suspension (see Note 27) and seed the
24-well plate(s) at 85,000 cells per well, ensuring an even distributi i
the well (see Note 28). g e
Several ;?l.ates may be seeded at a given time. The plates are then incubated under
the conditions used for maintenance of the cells for about 20 h (see Note 29).

b

e

3.2.2. Day 2: Transfection

1. Check the cells in the 24-well plates (see Note 30).

2. Calculate the volumes of liposome stock solutions required for all values of p
and o to be investigated, starting from a constant amount of 1 pg pGL3 DI\EK
(see Note 31). Add the lipid solution(s) to 1.5-ml centrifuge tubes (see Note 32)

3. Pre:pare the required amount of a solution of pGL3 plasmid DNA at | pg/256
ul in serum-free DMEM (see Note 33).

4. Dilute the liposome solutions to 250 ul with serum-free DMEM. After the lipid
samples have been incubated for 5 min (never longer than 30 min!) (see Note
34), .add 250 pl of the prepared DNA solution. Invert the closed tube 10 times
to mix and centrifuge at 3000 rpm (604 g) for 30 s to collect all the solution in
the bottom of the tube.

5. Incubate the samples at room temperature for 30 min to allow the CL-DNA
complexes to form.

6. Rer.nove a 24-well plate from the incubator. Processing 12 wells at a time
aspirate the medium and wash the cells once with 1x PBS :
Py (see Notes 22, 23,

7. After gently m_ixing the CL-DNA complex solution by repeatedly filling and
emptying the pipette, add 200 ul to each well (see Note 36).

8. Repeat steps 6 and 7 for more wells as desired.
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9. Incubate the cells with the complex solution for 6 h under the conditions used

10.

3.2.3. Day 3: Harvesting of Cells; Determining Luciferase and Total
Protein Content

1.

4. Notes
k.

. Incubate the cells for 20 h, i.e., the time required for one full cell cycle to occur,

. Using a ultraviolet visible (UV/VIS) spectrophotometer, determine the protein X

2. The vials should have Teflon-lined screw cap closures to minimize solvent

3. Common lipids such as DOPC, DOPE, or DOTAP are available as powders or

4. We propagate this plasmid in Escherichia coli as prescribed by Promega and -

for their maintenance (see Note 37). The plates should be left undisturbed during

this time (see Note 38). : X
Processing 12 or 24 wells at a time, aspirate the complex §0]ut10n, wash the =
cells once with 1x PBS, and add 500 pl of supplemented medium (see Note 35).

under the conditions used for their maintenance (see Note 39).

Freshly prepare a ;ufﬁcient amount of Ix Passive lysis buffer (PLB): 150 ul of

PLB for each well (see Note 33).

After aspirating the medium, wash the cells once with 1x PBS. Then add 150 p]
of PLB to each well (see Note 40). After processing all wells, place the plates in
a freezer overnight.

. Thaw the plates for 30-45 min (see Note 41). .
Completely transfer the content of each well into a 1.5-ml tube and centrifuge for =

5 min at 5000 rpm (1677 g) (see Note 42).

.~ Add 20 pl of the supernatant to a 12x75 mm disposable glass culture tube (see

Note 43). Place the tubes in the luminometer and collect the light output readings
using the luciferase assay.

concentration of the supernatant with the protein assay reagent as describedvby the
reagent manufacturer (see Note 44). The light output readings frpm the luc§ferase :
assay are normalized with this number. The total cellular protein content is also :
a crude indicator of cell viability.

The desired final volume of liposome solution determines the size of the vial. In
order for sonication of the liposome solution to be possible, a 4-ml vial_ nee«ljs
to contain at least 200 pl of solution, whereas only about 50 pl are regmred in
a 2-ml vial. These numbers should be confirmed by testing with plain water.
Large volumes of liposome solutions can be prepared using round-bottom flasks
and a rotary evaporator.

evaporation.

convenient chloroform solutions. They need to be warmed to room tempergtum
before weighing; otherwise, water will condense on the lipid and in the container.

purify it using a Qiagen (Valencia, CA, USA) Giga kit (following the directions.
for a “high yield” plasmid). The resulting aqueous solution may be stored for

Simem i
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10.

months in a refrigerator and for years at —20°C. The DNA concentration is
measured spectrophotometrically at 260 nm (an absorbance of 1 at a path length
of 1 cm corresponds to 50 pg/ml DNA).

- For reliable assessment of the usefulness of a (new) lipid, it is important to test it
in several different cell lines, €.g., originating from different species. Examples

of commonly used cell lines are COS-1, HeLa, NIH-3T3.

- Lipids with ester bonds are subject to hydrolysis upon prolonged stofage in

aqueous suspension. Therefore, liposome solutions should be used within 1-2
months. They should be re-sonicated before use if stored for over a week or if
opaque.

. Lipid powders can be hygroscopic and/or glue-like and thus tricky to weigh

out. A method that has worked well in our laboratory is to use two spatulas:
the first (with a wide blade) to remove some lipid from'its container, and the
second (thin blade, narrow tip) to transfer the lipid from the first spatula into
the vial. Dissolving the lipid is facilitated by lightly depositing the lipid rather
than smearing it onto the wall of the vial. Hygroscopic lipids need to be handled
speedily or under a nitrogen atmosphere. In this case, it is imperative to adjust
the concentration by the amount of solvent that is added rather than by weighing
out a specific amount of lipid.-

. The exact concentration of lipid is not crucial at this step, but should be at or

above that of the desired concentration of the liposome solution (0.6 mM), so
that the entire lipid film (see steps 4 and 5) will be wetted. Having identical
molar concentrations for all lipids greatly facilitates the calculations for making
lipid mixtures.

. Chloroform/methanol mixtures may be required to dissolve lipids with higher

headgroup charge or Poly(ethylene glycol) (PEG) chains (2:1, 4:1, 9:1 are typical
ratios). In this case, it is best to stepwise add the solvents, starting with part of
the calculated amount of methanol, then adding part of the calculated amount of
chloroform, etc. This allows an empirical determination of the optimal solvent
composition while the solution is being prepared. Obviously, it is crucial to keep
track of the total amount of solvent added.

If feasible, organic solvents (especially chloroform) should be dispensed only
using glass pipettes. If pipettes with plastic tips (only polypropylene should be
considered) are used, the time that the solvent is in contact with the plastic must
be minimized. In addition, it is crucial to fill and empty the tip once or twice
before aspirating the amount to be measured. Otherwise, the vapor pressure of
the solvent pushes part of it out of the tip.

- The chloroform or chloroform/methanol solutions may be stored at —20 °C under

argon in glass (never plastic) containers with Teflon-lined closure. Marking the
level of liquid on the container is advisable, because solvent evaporation is the
main reason for the limited shelf life (1-2 months) of the solutions,

. It may not be necessary to prepare liposome solutions for all desired ratios of

neutral/cationic lipid. Mixing of two liposome solutions to achieve an interme-
diate concentration just prior to addition to DNA may be successful. However,

i
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}7.

21.

—

. The vials may remain open at this stage or the caps placed very loosely on the

. The water bath prevents heat buildup in the vial. The vial has to be secured

. If the sonicator tip touches the wall of the vial, the glass may break. Because

. The noise pollution due to sonication can be minimized by encasing the who :

20. Alternate methods for the preparation of small liposomes are using a high-po
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this has first to be tested (i.e., must give same results, in structural characteri-
zation as well as in transfection) for a given lipid combination by preparing the -
desired concentrations both ways. For example, we have successfully prepared
samples in the DOTAP/DOPC system covering the whole composition range in -
5% or 10% steps using only liposome stock solutions of 100, 70, 40, and 10 or

100, 80, 60, 40, and 10 mol% DOPC.
These calculations are most conveniently performed and recorded using a spread- |
sheet program.

. A stream of dry nitrogen is directed into the vial(s) via Pasteur pipettes or -

plastic pipette tips of appropriate size. If preparing a series of lipid compositions,
constructing a setup with multiple outlets is helpful. Care must be taken to
adjust the speed of the nitrogen stream so it does not spill the solution. It also
must not be too gentle a stream, which would lead to a thick film with little
surface area at the bottom of the vial. To achieve the goal of forming a thin film,
one may have to adjust the position of the vial with respect to the pipette over
time.

vials.

very tightly to prevent it from falling into the water bath because of vibrations
generated by the sonication.
The sonicator tip has to be submerged in the lipid suspension. It should be as
close to the meniscus of the suspension as possible for optimum performance |
but must not touch the wall of the glass vial. The amplitude of the ultrasound
should be increased slowly and maintained at the highest level possible without
causing the suspension to splash and spill. The sonicator tip should be clean
with ethanol before processing the next sample.

movement may occur during sonication, it is best to monitor the process. The:
tip touching the glass wall is usually apparent from a change in pitch of the
sound generated by sonication.

setup in a cupboard or box.

ultrasound bath and extrusion (which is easily scaled up). For more information,
see, for example, the websites of Avanti Polar Lipids (http://www.avantilipi
com) and Northern Lipids Inc. (http://www.northernlipids.com).
This step sterilizes the solution and removes debris stemming from the sonicatos
tip. Very small amounts of lipid solution may be transferred to 1.5-ml tubes
briefly centrifuged to collect the debris at the bottom of the tube.

We use a setup with a large washing flask connected to a water aspirator.
waste needs to be autoclaved before it can be disposed of. (b) Cells should ne
be allowed to reach confluency for the sake of reproducibility of the data.
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All media and solutions that are applied to the cells need to first be warmed to
room temperature or 37 °C in a water bath.
After adding the trypsin buffer to the cells and rocking the dish back and forth to

cover the cells, immediately aspirate the trypsin buffer to minimize the amount
that will remain on the cells.

. Tilting the cell culture dish after removing it from the incubator will indicate

whether the cells have successfully been dislodged from the surface (a slightly
opaque film should slowly slide to the bottom of the flask). Using a pipette,
the added DMEM should be aspirated and re-added to the flask a few times

to completely remove the cells from the surface and ensure a homogeneous
mixture.

- Directions for using the hemocytometer: Pipet 20 pl from a 50-pl aliquot of the

cell suspension onto the hemocytometer (between coverslip and grid). Count the
number of cells in each of the nine large squares of the cytometer and take the
average of that number. The result, multiplied by 10,000, gives the number of
cells per ml of the suspension.

A typical numerical example: to yield 85,000 cells (n) per well, 56.7 pl (V) of a

cell suspension with 1.5x10° cells/ml (c) needs to be added to each well: V =
nlc. :

28. Itis good practice to gently agitate the cell stock about every 12 wells to prevent

the cells from settling in the centrifuge tube. To achieve even distribution of
cells, one should circle the pipette over the well while the cell suspension is
added. More importantly, once cells have been added to half or all of the plate,
the plate is rocked first back and forth and then side to side. This movement
should be quick and vigorous, but not so abrupt as to spill the content of the
wells. It is vital to never swirl the plate, even avoiding rotational movement as
the plates are transferred back to the incubator.

- Again, the cells should not be allowed to reach full confluency. For repro-

ducibility, it is important to perform experiments at similar levels of confluency,
because this parameter affects the measured TE.

Cells should be homogeneously distributed in each well with around 80-90%
fzonﬂuency. If there appears to be any problem or irregularity with the cells, it -
is best to discard the plates and restart the experiment by seeding new 24-well
plates.

This description assumes that every experimental data point will be performed
in duplicate. To perform triplicates, scale each lipid sample up to a final volume
of 700 pl, calculating the amount of lipid required for 1.4 pg DNA. For each
well, 200 pl of the lipid solution will be used eventually, but preparing a
slight excess is necessary to account for pipetting inaccuracies and losses. All
these calculations and pipetting schemes are most conveniently performed and
recorded using a spreadsheet program.

It is prudent practice to agitate the liposome stock solution just prior to using it
to ensure a homogenous solution.




36.

38.

39.

40.

41.

42.

43.
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. To account for inaccuracies and losses in pipetting, it is sensible to prepare 20%

more of this solution than the amount calculated from the number of samples.
Because of the salt content of DMEM, aggregation/fusion of liposomes due to
decreased electrostatic repulsion will set in. The exact timescale will depend on
the lipid mixture, which determines the zeta potential of the liposomes. In our
experience, incubating for 5 min or less has avoided aggregation-related effects
(a certain incubation time is unavoidable when processing a larger number of
wells). Aggregation/fusion of small liposomes in the DOTAP/DOPC system
starts to be significant at times of 30 min or more.

. The reason for only processing 12 wells at a time is to prevent the cells from

drying out. An alternative method (likely more suitable when getting familiar
with the procedure) is to process two (or three if performing experiments in
triplicate) wells at a time, aspirating the medium, washing with PBS, aspirating
the PBS, and then adding the 200 pl of complex solution.

Accomplish this step as quickly and as gently as possible. When pipetting the

complex solution into the well, the tip of the pipette should be in contact with
the side of the well rather than the bottom of the well (the cells) to prevent

dislodging cells when adding the complexes.

. This time (the time required for an optimum amount of complexes to be taken

up by the cells) was determined by a series of experiments measuring TE as
a function of incubation time, where TE first increases and then saturates or

decreases (due to serum starvation of the cells). A time of 6 h universally works

well for common cell lines as investigated in our and other laboratories.

Even very small hydrodynamic forces, such as those generated by taking out

a plate, looking at it, and rocking it back and forth a bit, can have a notable
(favorable but irreproducible) effect on complex uptake and, thus, TE.

Incubating for a full cell cycle allows for the machinery of the cell to transport,‘,':?
the transferred DNA into the nucleus. Waiting for longer than one cell cycle is
not advised because it may lead to cell crowding or daughter cells that do not

retain the transferred DNA.

It is now no longer necessary to prevent the cells from drying out by processing(;

only a part of the wells at a time.
Also thaw the luciferase assay kit at this time.

Complete removal of the contents of the well is ensured by repeatedly (about
10 times) aspirating and releasing the content with a pipette (set to about 200 pl

volume). Centrifugation pellets insoluble cell components.
This applies if using a Berthold Autolumat Plus luminometer. If using a-

different luminometer, follow the directions supplied with the instrument and

the luciferase assay. :

This can be done, for example, by mixing 20 pl of supernatant and 800 pl of
protein assay reagent in 1-ml disposable cuvettes. These readings can also be:
done more efficiently in 96-well plates on a UV/VIS plate reader using 2 pl of

the supernatant with 198 pl of reagent.

=

£ 3
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