A nanoparticle suitable for delivery of a bionvol ecule
into or out of a nenbrane enclosed cell or cel
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invention relates to a particle suitable for the
delivery of a substance into ér out of a menbrane
encl osed cell or cell organelle through heat induced
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delivering a substance into or out of a nmenbrane
encl osed cell or cell -organelle through heat induced
rel ease of said substance . Background of the
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the delivery process is for the biomolecule to reach the
surfaces of the target cells. The biomolecule should be
delivered to the cell independent of media compohents in
the cell culture and reach both adherent cell lines and
cells in suspension. Once delivered at the cell surface
the biomolecule has to either transverse the cell
membrane/cell wall or enter the cell through an
endocytosis pathway. Once within the endosome pH is low
and both the cytosol and the endosome contain various
degrading enzymes. Efficient delivery methods should
preferably minimize cellular degrading of the biomolecule
in question, whether it constitutes a DNA, RNA, protein
or other molecule. To achieve a successful delivery
process where the biomolecule enter the cell through

endocytosis it is desirable to promote endosomal release



each endosomal conpartnment. Once in the cytosol the
bi onol ecul e shoul d preferably be targeted to a speci al
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cell nucleus . The basic technol ogies for al
non-viral bionol ecule delivery nethods avail abl e today
can be divided into two approébhes Physical nmet hods
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The present invetion relates in one aspect to a
particle suitable for the delivery of a substance into or
out of a membrane enclosed cell or cell organelle
through heat induced release of said substance
comprising: a superparamagnetic core capable of
generating heat in a magnetic alternating field
encapsulated in a heat sensitive coating whereto said
substance and a membrane disruptive agent are associated.

The invention in a further aspect relates to the use
of a particle for modifying the genetic code and/or
metabolism of the host cell.

In a yet further aspect the invention relates to
the use of a particle for releasing said substance from

endosomal or lysosomal organelles.
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conprising: - providing a sanple conprising nmenbrane
encl osed cells or cell organelles and a plurality of
particles according to the indention; - applying a
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filter, feduced Flyorgscense Lndi caLes-eondsosedePMA rate

(SAR-value) of the nanoparticles and the applied magnetic

field strength in an alternating field with the frequency
of 10 MHz. (B) This graph illustrates the increase in
temperature within a 100 pl sample of 7 mg Fe /ml in 0.15
M NaCl subjected to an alternating magnetic field of 10
MHz, 2.9 mT. The values have been corrected for the
temperature increase in a reference sample without
particles. Temperature measurements were performed with a
fiber optic probe (IPITEK)

Fig. 3: Schematic illustration of experimental set-
up .

Fig. 4 Investigation of DNA binding capacity of
themagnetic nanoparticles, surface-modified with amino
groups, Linear PEI and Branched PEI. Different amounts of
particles where incubated with plasmid DNA (phRLSV40-luc,
3.7 kb) forl0 minutes in TE buffer. After addition of

PicoGreen fluorescence was measured using a microplate



Fig. 5: Result fromthe test on high gradi ent
magneti c separation of cells treated with particle as
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transfection of K562 cells as described in exanple 10.
The sanpl e marked as Lcells’ |s a control of
background generated in cells4not transf ected.
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scope of the invention to those skilled in the art.

We have earlier described in WO 01/18168 a method
for introduction or extraction of bioparticles into or
from biological membrane-enveloped structures by applying
an alternating magnetic field to a sample of super-
paramagneic particles attached to the membrane enclosed
cell or organelle, whereby an increase in the thermal
energy causes heating of the superparamagnetic core of
the particle, which in turn causes temporary openings in
the cell membrane or organelle membrane.

The invention described here is a particle designed
for biomolecule delivery in vitro or ex vivo which make
use of the thermal energy released from the superpara-

magnetic core upon exposure to an alternating magnetic
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menbrane di srupture. Both the substance (e.g. a
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call ed cargo nol ecul e) and nol ecul es that can pronote
di sruption of cell or organelle nenbranes |ike
endosome nenbrane are rel ease® during the heatlng of
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Yet another particle where superparamagnetic cores are
incapsulted in organic compounds and vesicle forming
lipids are described in US5441746, where the particles
are intented for inductive heating of the superpara-
magnetic core to promote killing of cancer cells.

In contrast to these earlier described lipid
encapsulated superparamagnetic cores the present
invention describes a superparamagnetic particle that in
addition to generating heat in an alternating magnetic
field is designated for non-viral biomolecule delivery in
vitro or ex vivo. In addition to carrying the cargo
molecule to the cell surface where the particle/cargo
molecule complex is taken up by the cell through

endocytosis, the particle is enhancing endosomal release



honbgenous, but instead carries a conbination of heat
sensitive structures that will be released or change
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plurality described by the invention carries nmultiple
coupling and or attachnment sites for the cargo
nol ecul e, one or nore nenbrané di srupting agents,

recognition Iefulef ch can recogni ze aﬂg bing.to
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h@&fﬁ% M QEgHS@Lméﬁgéh&b¥e (6Qahi A9 gL &u%%s and
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by at kgagh @lﬂﬁoayﬁléﬁﬁh@@ @haohﬁe@helaﬁdtate lseast o@nehe
nol ecul e cont ai ni,ng bot h drog? bi ¢

a
hy4PERRFFE=RBFGL. CTRE haapeLEReR, Toan 902$Pnﬁnis
aptracbedbll9 batdesubst ance landanmenptame .di Sruptive

agent wpth $LAghe,OLaIiltiahe deSubbl de BaRdSn saia

perOXI S or azo S or co nati ons thereof
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nol ecul es, proteins qr conblnatlons th reof
f HeOKER28/0BARHENHEOE St Re PLAGERTICo AL I€£$?95%§i§éom the

I §GoURi bbaaleﬂalla@uloe iC®,alNdQ &$S0Gieqt e@ t@at Jh&hedr, Cu,
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consisting of antl odi es
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:@%%%HEEQ% gégkqﬁgg%% fl%%gh%eHHEQQH%DQf%é“éHﬂddE%re in
%1rect contact with salé;cogé, wherein said micelle like

structure is built up by at least one hydrophobic
molecule and at least one molecule containing both an
hydrophobic and a hydrophilic moiety. The heat sensitive
coating is attached to said substance and membrane
disruptive agent with single or multiple disulfide bonds,
peroxide bonds or azo bonds or combinations thereof.

In an embodiment of the invention said hydrophilic
moiety structure contains polymers, lipids, synthetic
molecules, proteins or combinations thereof.

In a yet further embodiment of the invention at
least one recognition molecule is also associated to the
heat sensitive coating, wherein said recognition molecule
is chosen from the group consisting of antibodies,

fragments of antibodies and lectins.



consi sting of detergents, chol esterol, hydrophobic
proteins and surfactants and m xtures thereof. In a

wo movhzrienbodi nent of the i nventi on sai d sSubsPEISENIGI00960

10

15

20

25

30

35

cargo nol ecul es are selected fromthe group consisting
of DNA nol ecul es, RNA nol ecul es, proteins, peptides,
| i pi ds, chemical preparations/ organi c conpounds,

det ts, theti | 119]
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with efther eReoPbBeRFveloFhReBathe B§r¥h8f19ﬁ8 tion said
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supplied alternating current.

The present invention constitutes a superpara-
magnetic core encapsulated in coating layer or layers,
where the inner layer is in direct contact with the
superparamagnetic core, see example 1 and 2. The
superparamagnetic core of the particle fulfils three
desirable features; 1t is traceable using MRI, cells
harbouring such particles can be sorted using magnetic
separation technologies, see example 2 and 7 and most
important; it can be made to generate heat. An
alternating magnetic field induces heat within the
magnetic core of each particle due to both a rotation of

the particle and to a rotation of the magnetic momentum



dom nates in a given nonent depends on the particle
size, field frequency and particle coating. The
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8 and 15 nanoneter, since cores in this size interval
makes it possible to use frequenC|es in the | ower nega
hertz range of the aIternatlng magnetic field and
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or RNA nol ecul e ectrostatic I nt ctio
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, coupling technologies, as well as in terms of the effect
on living cells. For coupling chemistry of the cargo
molecule and/or cell recognition molecules to the surface
of the particle amino-PEG can be introduced on the
surface of the particles enabling coupling by NHS (N-
hudroxysulfosuccinimide ester), SPDP(N-succinimidyl 3-(2
pyridyldithio)propionate), glutaric aldehyde and other
bioconjugate techniques. The cargo molecule to be
delivered to cells in vitro or ex vivo is attached to the
coating covalently, electrostatically or through van der
Waals interactions. In the case of the cargo molecule
being a DNA or RNA molecule electrostatic interactions
between the negative backbone of DNA or RNA molecules and

positively charged molecules like DOTAB integrated within



protam ne, arginin- or lysine rich peptides coval ently
coupled to a am no-PEG nol ecule in the outer surface

wo 20021021286 t he heat sensitive coating is readi|BCT/SE2006/000960
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utilized. Additional nolecules |ike florescent markers
or target cell recognition nolecules are attached by
t he sane procedures as the cano nmol ecul e. When the
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Thise ksl ophid irerdpantt i nfartier adn) uzreohddltlon to
carrying different cargo molecules, induce a heat release
effect from the surface of the nanoparticle. The idea
behind heat induced delivery is to increase the rate of
molecular diffusion in close vicinity to the particle and
to promote the release of molecules attached to the
surface of the particles.

Two layers of molecules build up the coating. The
inner layer consists of a hydrophobic molecule, for
instance a fatty acid like oleic acid, or a mixture of
hydrophobic molecules. The second layer consists of a
mixture of molecules each of them is characterized by one
hydrophobic part and a hydrophilic part. The hydrophobic
part is building up a double layer, a micelle like
structure, with the first layer while the hydrophilic
part is directed outward into the surrounding media



to attach the cargo nol ecul e and any recognition
nmol ecul e or signal nolecule additionally attached to

wao b®7sems@ce of the particle coating. Wen expPSi/SERIDEI@0960
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coating to tenperatures corresponding to the coating
lipids transition tenperatures the coating described
above is responding with intetPor nolecul ar

r : n L disr I
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endosomal nenbrane (s) , see further 1n’exanple 10. In

addi ti NIy o SPRg PREmpeaalres Gifsia idfe v aagiiticle can

bb&&%@&i&@%‘hé@t@%e@% |v»!1ttl'l'!i§1 o &1 ttoatd ichd aphesld, the

and the car go | ecules it is Jpossi ble to . ,
heating procedure can be made very precise in volume in
very close vicinity to the particle. The target cell as a
whole will hence not be heated.

By including various molecules in the outer lipid
layer a multipurpose heat release nanoparticle is built
up. Known helper molecules like cholesterol, DOPE
(dioleoyl-phosphatidylethanolamine) lipids is transported
as parts/members of the surface outer layer. Detergents
like Triton X and SDS (sodium dodecyl sulfate) and
similar molecules can also be parts/members of the outer
coating layer. When these detergents are integrated in
the particle they are less toxic to the target cells, but
when released from the particle they are promoting
disrupture of endosomal membrane(s), see further in

example 10. In addition, by choosing temperature



even nore strongly pronote the rel ease of the cargo
nol ecul e from the nanoparticle for subsequent escape

wo c@noe2as endosonal conpartnment, see exanpl e 4PEIBEZ06/000960
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In one enbodi ment of the invention described is a
met hod where the particle according to the descri bed
invention is used for substandé—delivery into cel
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the cells. The magnetic field is then applied in pulses
of a few seconds to minutes with pauses of equal time
durations. Two to hundreds of pulses can be applied and
the repeated heating cause leaking from the particle
coating molecules and hence a release of both cargo
molecule associated them and membrane disruptive mole-
cules. Membrane disruptive agents insert themselves in
the endosomal membrane and hence causing rupture of the
endosomes. If the cargo molecule is covalently coupled to
the particle coating a heat sensitive covalent bond like
for instance a disulfide bridge, can promote the release
effect additionally when heated upon. The incubation time
of cells and particle before exposure to the magnetic

field have an impact on the delivery procedure and is



occasion to inprove the delivery process over tine
with an incubation tinme of a less than an hour to

waeopegnzizihours i n between each treatnent . Tr et BSE2006/000960
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cells are automatically | abeled and traceable in MR
and in addition fluorescent kers can be added to
the particle coating to provi the possibility to
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urif rom excess reagents by washing repeatedly
mPFﬁn%Fhanol met hanol, chl orof orm or a comnbi nation
thEAEBLEamd flnaIIy resuspended i n chl orof orm or

e.thyl enegl - L
?ac% coa ?ﬁﬁoﬁltlg °% % X Egggﬁégggéﬁssgﬁgéd in
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placed in a heating mantel with magnetic stirrer and

heated until temperature reaches at least 320°C and 1-
Octadecen starts boiling. During a one hour reaction time
temperature is monitored and should preferably not drop
down below the above mentioned temperature. After one
hour incubation the solution was allowed to cool to room
temperature. Particles are purified from excess reagents
by washing repeatedly with ethanol, methanol, chloroform
or a combination thereof and finally resuspended in
chloroform or hexane.
EXAMPLE 2 '
Poly (ethyleneglycol) -lipid surface coating

Briefly, particles were suspended in chloroform, and
subsequentially dried under vacuum. A chloroform solution
containing between 30-60% mol phospholipids (e.g 1,2-

Dipalmitoyl-sn-Glycero-3-Phosphocholine or others similar



10

15

20

25

30

35

[ Met hoxy (Pol yet hyl ene glycol) -2000] , 1
, 2- Di stearoyl -sn- d ycer o- 3- Phosphoet hanol am ne- N

wQ 2ovi7ni26dPol yet hyl ene @ ycol ) 2000] or sim | arPCT/SE2006/000960

PEG |ipids, or others simlar in chem cal structure)
are added to the dried particigs whi ch then returns to
solution. Chloroformis evaporated and particles are
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COYRLL AP ChRBL AL SsaRdAPEr salts by filtration through a

magnetic column (magnetic high gradient separation) or by
size exclusion chromatography.
Magnetic high gradient separation column

The particle suspension is applied to a column
containing a magnetic matrix, which was exposed to a high
permanent magnetic field of 1.2T. The particles are
retained in the magnetic matrix as long as the matrix is
exposed to a high magnetic field. When the magnetic field
was removed the particles was eluted with water or
desired buffer solution. It was also possible to
concentrate the ferrofluid on the magnetic column by
eluting a smaller volume.

Size exclusion chromatography



salts by size exclusion. The ferrofluid i s eluted
with water o r desired buffer solution. Size and
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10

15

20

25

30

35

cores o f the particles was estimated to 1 1 1 niti
using TEM (trans el ectron m croscope) , see figure 1 .
The di aneter o f the whole par]t4i cl e varies dependi ng

on compesd thof Ocfe thes iU daae 18Y88o0i &g ! { Hi IS aNdun
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t he }Farti cl es are superparanmagneti c an en such a
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mﬂﬁ¥§¥%éFﬂ§Sto several thousands amino groups per particle
without affecting the stability of the particles.
Furthermore, the amino groups are accessible to covalent
coupling using common and well-established coupling
chemistry for addition of other functional groups or
molecules.
EXAMPLE 3
Heat losses in alternating magnetic fields
The cores of the particles are superparamagnetic and
when such a particle is subjected to an alternating
magnetic field heat is lost to the surrounding medium.
The frequency dependence of the specific absorption rate
(SAR) of the particles was tested and evaluated. SAR
values of more than 500 watt/g was achieved at a

frequency of 10 MHz and field strength of 2.8 mT, as
illustrated in figure 2.

EXAMPLE 4



and am no-PEG lipids with the am no groups
fluorescently |abeled with Fluram(r) were treated for
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separation t o get a first indication on the heat on
the surface o f the particles and possible heat
release in the magnetic fieldl®In conparison tests

YGRS SESSCHODE MELD 3oMLRLLLER! BF Yiofekul WP LESA! Bhe
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1lab§§e&eﬁﬂtﬂ QMGrﬁm@)QwErbheréﬁtéd gpeupsmanhein 10 MHz,

ased f m t he particl e,upon .. The _.
aﬁn nel ot e fsws sB ﬁﬁgaﬁngaESHaﬁé%mﬁ tgogggcaa%&rSt
t heaitheianoant thef heelkeasettecseasedeabt thitheeparticles
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anpmpagﬁegpstestﬁewﬁﬁﬁnélpeeﬁﬁﬁel@é&@s5tﬁ@np§ﬁﬁﬁém@n§ of

séﬁb@EéVEhYtbﬁbbE%%B%%ét%éﬁ uﬁ@re@@ﬁ54onbS9%eatuiﬁ a
makes the particle suit ? | ow rel e

nBPBYARELPNE L cHABFEd PaY a|3HF|§e easﬁhgfaﬁiﬁ6aiﬁ%&6b§led
skawnangrovepeated meleasedcan hhe Féofortiec it fram

eat d treatnent in an.alt magnetic field.
E?% ¢ FEB g O8uly t% gﬁﬁ%éﬁgggnlno PEG nn and
tﬁhephesphbblpadsbar@umabeaged ats tfled loawe rate and

t enpe S gWiet R Pkl cah g alleT
O Ba R AR L, S L S Lt T Cesenoe

tenpeﬁé?@ré@erQﬁéﬁﬁ@lﬁrﬁﬁpﬂohﬁa6lgg Cina

convenhéogabuMet 8F katBasdbegreapl bsakad beg@ween 50-60°C
summar i ed a s

| abel 29 pFB%BhBFFpFHQUQFeOFngégéaefggﬁFFﬁgeSa? Eﬁéger

upon hempengtabese 8 0 "Cfor 5 mnutes.2 . Sanples

t eat %ﬂeaga §. ge! artegnc%%] %b&g,%] 8Q Erid %%@Heagl%d Aaldher

treatnent in 'nst ab
released between 2 and 6 of the amlno groups.

The amino-PEG-nn leaves the particle at relatively low
temperature increases. This feature makes the particle
suitable for slow release. If a molecule is coupled
covalently to the amino group a slow and repeated release
can be performed with a repeated treatment in an
alternating magnetic field.
EXAMPLE 7
To find out if Dboth the amino-PEG-nn and the
phospholipids are released at the same rate and
temperature samples with particles carrying FITC labeled
phospholipids were treated 5 min in temperatures ranging
from 40 to 95 °C in a conventional water bath.
The results can be summarized as follows:
1. Up to 25 % of the FITC labeled phospholipids are
released from the particle upon heating above 80 °C

for 5 minutes.



This exanple illustrates that the phospholipids in
conparison to the PEG|lipid is nore reluctant to | eave
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severe inpact on the colloidal stability of the
particle suspension . EXAMPLE 5 Sanples with particles
carrying FITC | abel ed H V TATi:pepti de coval ently

coupled to the amin oups _on _the surface ft°e
part i %?%pﬁéﬁetf’?g}éteadggs%g@ggﬁi B4°3bove’ T %I s Qxanpl e
was selodpulatéindfaet iktkethmentl éasecetfiegt coddobdal
i ncr ease EX ggéal ently creating a bond that is heat
sensi tiVe % n the am no group and anot her .
nBhésuksamPhe pépusdeanas @baﬁl eget eherehedrifiicise 1R t h
SEER §§1QEH'%Eo%h%e@@@aﬁhﬁgdalg|&%&%‘@%l@b&@%& bet weeRre
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aitéek%% PEiEE FErEt Pvél )Fhﬁeatkle@eﬁ&gtl eVerid g EFFS
C@@v@@esﬂﬂfﬁabﬂ:zeﬁ asef @ollowsdal stBetiveery Dfandhel paditicle
of the TAT pept| de was released fromthe particle upon

hE8HPPRGS2": The rel ease effect increased with
t ExpEPaEUbe. In corrpari son with the results presented

in exa t i Lea eleasecehfgtlied HIV
pr obab?E g&éstg] %e]a Sg% r%gg lgq;eof t.he ad| suel fide
t

brTlAéTg§§Pt3de v@éraslwléfs qqu@&teedt\fa & R iRy fEquPs on the
fisehg¢akel eas Q@leb%iawrtl% a5 t%e@ftetdl%s'ﬂ%lﬁmnﬂh&s above.

SEQ%ELEﬁg 4%3§F§ﬁ%9 r%Pt %?l llne cxf%ase Y¥fect
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‘ﬂqu%dy§lﬁég¥éﬂ8¥| ﬂ%%éﬂ%ﬂdfd'Bigﬂlﬂ%dixﬂﬂhdﬁéEH@ﬁﬂ@en
RN, A DR M
known to be relatively heat sensitive.

The results can be summarized as follows:

1. Between 3 and 13 % of the TAT-peptide was released
from the particle upon heating.

2. The release effect increased with temperature. In
comparison with the results presented in example 2
this is an increased release effect probably due to
heat induced breakage of the disulfide bridges.

3. The samples treated with the magnetic field
released between 3 and 5 % of the TAT-

peptides.
EXAMPLE 6

Cell growth

The adherent cell line COS-7 was grown in DMEM, 10 %
FCS and 5 % Streptomycin/penicillin. The suspension cell
line K562 was grown in RPMI, 10 % FCS and
5 % COy. Cells were passaged two times per week.

Proliferation



triplicates. Particles wth am no groups, |inear PE
or branched PEI were diluted in an appropriate buffer
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different particles was added in quadruples to the
cells to give a final Fe concentration between 50 and
250 pg Fe per cell. Additionally, tests on COS-7 cel
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coatiang mereAawa¢@It®aﬁheW@@IM§edntthQOﬂlhﬁmlﬂyll and
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2 picogram Fe/cell, incubated two
hU&ﬁ@lSaﬁbﬁe§aH¥éfbH@b@ﬂ@ﬁﬂP@P@éﬁW mopdiheeer B9 an
hgkgrtlgr,_czllo fri@%etth\@w@e;&&ﬁ lmﬁlusx%p%roatmomacgﬂm field.

Sanpl e4 : pPi.GQ el ce i ncubat
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"he Cultiire shes an
ceﬁﬂﬁmﬁw@dm @aghqdnﬁdqytqauggqﬁygf particles are exposed

to an alternating magnetic field. Furthermore,
modification of particles with PEI
(polyethylenimin) renders them more toxic to cells, and
K562 are more sensitive to the particles than COS-7.
EXAMPLE 7
Separation and washing of cells

K562 cells were seeded in a 24 well micrititer plate
with 1 ml of medium per well. Particle carrying
DOTAB/DOPE/ phospholipids in mixed coating were added to
the cells in the following concentrations:
Samplel: 1 picogram Fe/cell, incubated two hours
Sample2: 2 picogram Fe/cell, incubated two hours
Sample3: 2 picogram Fe/cell, incubated two hours, no
magnet where used in separation coloumn.
Sampled: 2 picogram Fe/cell, incubated 24 hours
Sample5: 2 picogram Fe/cell, incubated 48 hours



Live cells were marked with Calcein AM fol owwed by
subsequent washing and then applied to a high gradi ent
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was treated in a coloum, sanple nr 3 was separated
wi t hout applying the external static nmagnetic field.
The cel I S vvere washed with thrlée col ourm vol umes of

b a ngth col fromthe
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Fl uorescence m cr oscop
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ahtu[s orOL through the c . It could be seen that
C

5 B & FERHTIR 4 r@ldini%eﬁpr&u?}é‘kll?/elf%%é@]nﬁﬁﬂagnet
b)ﬁddcefdﬂeid mcblmgslieimtmmmaﬂdéﬁmuﬂibﬁf@s@@ié -were

I B re |ncubat ed for 12
raeaeeq,téé%L r?séh i

hours wt magne I C nanoparli i c1'e8 7100 pg iron/cell)
| FFEqtePrfit h Texas- Red and covalently nodified with
n
h

FIFTGY a;b@ldlﬁ_ﬂq Hpft) TAT-peptide. This peptide can i
ﬂﬁt state target and enter the cell nucl eus. Bot
t

Rle'd 4rabel (Won Whe Whosphol i pi ds) and t he
FIETOtdlel | ezd HI V- TAT- peptide co-localize in the cell

nopar tO0] SN O B EHS ol eridiF Cquptiedts clearly
seen that addition of 2 picograms FE/cell is enough to
give treated cell enough magnetic material to be able to
use high gradient magnetic field for separation and
washing and the effect is lasting for up to 72 hours.
EXAMPLE 8

Cellular uptake and distribution of particles

a
a

Fluorescence microscopy of C0S-7 cells incubated for
1 hour and 24 hours with superparamagnetic nanoparticles
were utilized to follow the particles on there transport
through the cell. It could be seen that the particles are
readily and relatively quickly taken up by the cell and
distributed evenly through the cell.

In another test CO0S~7 cells were incubated for 12
hours with magnetic nanoparticles (100 pg iron/cell)
labelled with Texas-Red and covalently modified with a
FITC labelled HIV-1 TAT-peptide. This peptide can in a
native state target and enter the cell nucleus. Both the
Texas~Red label (on the phospholipids) and the FITC



l'inear PEl (polyethyleneimn) or branched PEl to the
am no PEG on the particle surface was diluted in
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were m xed with the same anount of DNA (100 ng) in
different particle to DNA ratios (0.1-500). A DNA
st andard was prepar ed (10 500 h?g/rﬂ) The sol utions

1 om t Ature, t h
P| co Q%é{’%gﬁﬂmlsafa det I(ﬁoofje nJcZee ﬁé%scﬁje]d
( =Y t485/ammM 520) . The results are presented in Figure
5 mndid1ie @an be concl uded that all of the particles

were capabl e of binding DNA and that particles with
S BRsm PEI bound DNA nost
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sHBStARt £ thlﬁ T a@@prt@saéa Grpogesl Grangser PEA bound
paNRi mbetswftf@@t&vfe(lry the delivery of a substance into
0 XQME 02 menbr ane encl osed cell or cell organelle

E oug heat i nduced release o f said substance

cé‘ﬂransgengloa il pardiedest carcgriag apalilstuile of sDS,
0pBeEaLhAIDBeAR iR %o%ﬁ&%ﬁ% o %&%%F%%F'” fgéﬂé%rrylng PEG-

NH2 only.

Cells (K562) were incubated for 3 hours together
with particles with DOTAB/DOPE/SDS coating carrying texas
red and plasmid coding for luciferase {PhRL~8SV40) and as
a refernce cells were incubated in the same way with
particels with Amnio-PEG (NH2) coating carrying plasmid
coding for luciferase (phRL-SV40). After incubation,
cells were treated in AMF (alternating magnetic field)
repeatedly with 30 second pulses and 30 second rest in
between pulses.

After AMF exposure cells were seeded into new
culture dishes and proliferation an luminescens were read
after 48 hours post treatment. As seen in figure 6 the
particles carrying detergent and helper lipids
(DOTAB/DOPE/SDS ) shows an substantially higher
expression rate.



encapsul ated in a heat sensitive coating whereto said
subst ance and a nenbrane di sruptive agent are
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wherein the size of the superparamagnetic core is
between 1 and 100 ran, preferably between 8 and 15
nanoneters . 3 . A particle a¢kording to claim1 or 2
, Wherein said super par amagne %%@ core consists of
magnetite, maghem te, ironoXi ydrate, ferrites o f
the general fornula MeOxFe2G3 where M e is a bival ent
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4 or 5y, whereincsai dcheabiingnsbt tvaik0aL | Relr®in the size
attached to said substance and nengp%ne di rup%‘&%o
a@énth@i EHPSIREIFEMEENRLLC SP& SditSu W@eﬁo n i,
p@&@&bdabmgndétwéeaze herdd 50hanomeitratsi.ons thereof 7
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rein recogni tion mol écule is al so associ at ed
téotrﬁ‘élﬁeéﬂ?0§€ﬁ§pt3l v&egGationd:s9 3. LA vigarrite e tade o1k Sg- © ¢
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particke aceardinget @ RRY-ARY o &1alimE 41- herein said

micelle like structure is built up by at least one
hydrophobic molecule and at least one molecule containing
both an hydrophobic and a hydrophilic moiety.

6. A particle according to claim 4 or 5, wherein
said heat sensitive coating is attached to said substance
and membrane disruptive agent with single or multiple
disulfide bonds, peroxide bonds or azo bonds or
combinations thereof.

7. A particle according to claim 5, wherein said
hydrophilic moiety structure contains polymers, lipids,
synthetic molecules, proteins or combinations thereof.

8. A particle according to any one of claims 1-7,
wherein a recognition molecule is also associated to the

heat sensitive coating.



wherei n said substances are selected fromthe group
consi sting of DNA nol ecul es, RNA nol ecul es, proteins,
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conmpounds, detergents, synthetic polynmers and

conbi nations thereof. 12 . Use of a particle according

to any one of clains 1-11, folnodi fying the genetic

code and/ qr netabqglism of the host cell. 13. Use of a
parti clrée f‘cé’&rr il eté‘cwdgﬁ@gf Giaims £r1hggin said

I eleeasymig isal choswlostlandes fdmmaamdﬁnmmiha)rgﬂwsmr&tlstlng
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a nenbr ane dlsruptlve agent conprising: r.ovi di ng
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wher ei n _sai'd netlcfleld has an alternating field

diFERI G 5 dricy in the range of 0.1 to 5

MHz. 16.12A retchad acqmzchinglet actardirig or by wmrﬁ nclaims

534 ool L 11 80.135,8 L5 LGS V£ Ao o
6 mr@&’rt s#ld .magnetic field i s exposed repeat edI y a

s a senies (d o@'é%ﬁax%ﬁ%lé'd@c@@&fh@tﬂo?%ﬂﬂf&{é% claims
preferably between , and ‘even nore

prietierapt §F FRIRFH PO i A5 Wetomree  T59n naRimy or
acdosHdigh omfyhaneo. f clains 14- 17

14. A method of delivering a substance into or out
of a membrane enclosed cell or cell organelle through
heat induced release of said substance in combination
with heat induced release of a membrane disruptive agent
comprising:

- providing a sample comprising membrane enclosed
cells or cell organelles and a plurality of particles
according to any one of claims 1-11;

- applying a magnetic alternating field to said
sample, whereby thermal energy of the particle core
causes the heat sensitive coating of said particle to
decompose, which cause the disruptive agent to disrupt
the membrane of the enclosed cell or cell organelle and
release said substance.

15. A method according to claim 14, wherein said
magnetic field has an alternating field direction of a
frequency in the range of 0.1 to 5 MHz.



wherein said magnetic field has an alternating field
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alternating magnetic field being generated b y two
coils, and said sanple i s inserted between the coils
19. A nethod according t o 2Raim 18, wherein said
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18. A method according to any one of claims 14-17,
wherein said magnetic field has an alternating field
which is non-homogeneous and has an alternating gradient
field direction, the direction of said alternating
magnetic field being generated by two coils, and said
sample is inserted between the coils.

19. A method according to claim 18, wherein said
coils are supplied with either the positive or negative
part of the supplied alternating current.

20. A method according to any one of claims 14-19,
wherein said substances are selected from the group
consisting of DNA molecules, RNA molecules, proteins,
peptides, lipids, chemical preparations, organic
compounds, detergents, synthetic polymers and
combinations thereof.

21. A method according to any of claims 14-20,
wherein said membrane disruptive agent is chosen from the
group consisting of detergents, cholesterol, hydrophobic

proteins and surfactants and mixtures thereof.



