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NANOCOMPLEX CONTAINING AMPHIPATHIC PEPTIDE USEFUL FOR EFFICIENT
TRANSFECTION OF BIOMOLECULES

FIELD OF THE INVENTION

[0001] The present invention provides a nanocomplex useful for efficient

transfection and delivery of biomolecules comprising amphipathic peptide sequence

Mgpe-3(SEQ ID No. 3), Mgpe-4(SEQ ID No. 4), Mgpe-9(SEQ ID No. 5) and

Mgpe-10(SEQ ID No. 6) generated by modifying the primary sequence of the

Mgpe-1 (SEQ ID No. 2). The peptide sequence Mgpe-1 is derived from HUMAN

Protein phosphatase IE (SEQ ID No. 1).

BACKGROUND OF THE INVENTION

[0002] Development of nano carriers to introduce nucleic acids into cells has been

of considerable interest in biomedical research because of the potential of

exogenously delivered therapeutic nucleic acids to cure several genetic as well as

complex disorders [Edelstein et al., 2007]. Viral vectors are most explored in this

context but have been found in many cases to be unsafe for clinical use because of

associated immune response and random integration in host genome. A variety of

materials (cationic lipids and polymers) have been used to facilitate the delivery of

nucleic acids into the cells [Meredith et al (2009), Niidome et al (2002)]. But most

of these materials have limitations like low transfection efficiency, high cytotoxicity

and complicated synthesis procedure which leads to limited product yield [Mintzer

et. al, 2009; Remaut et. al, 2007]. For example, although liposomes are attractive

materials for drug delivery applications, application of liposomes for DNA delivery

is plagued by problems like cytotoxicity, serum instability, changes in size, surface

charge and lipid composition of the lipid-DNA complex during delivery and so on

(Liu et al., 2003). Cationic polymers have been used as a substitute of lipid based

vectors but most polymers also exhibit some major disadvantages, e.g. complicated

synthetic procedure, lack of control during synthesis which ultimately reflects in

non-uniform physico-chemical properties, low biodegradability and high toxicity.

Besides there are difficulties of selectively modifying the polymer with ligands for

targeted delivery. One of the cationic polymers extensively used for gene delivery,



poly (ethyleneimine) (PEI), suffers due to its non-biodegradable nature leading to

cellular toxicity (Fischer et al, 2003).

[0003] Peptides constitute a promising class of non-viral vectors as they are easy to

synthesize, amenable to modifications for the attachment of different functional

moieties, relatively small in size and are the most biocompatible class of delivery

vectors [Fabre et al 2006]. Peptides used for nucleic acid delivery can be categorized

into two classes: cationic peptides and amphipathic peptides. Amphipathic peptides

are made of both hydrophobic and hydrophilic amino acids [Fernandez-Carneado,

2004]. The basic framework of the cell membrane is made up of amphipathic lipids;

hence amphipathic peptides can interact with the membrane in a more efficient

manner and allow cargo uptake [Fomiyana et al, 2000; Kuriyama et al., 2006; Bartz

et al, 2011; Oehlke et al, 2004; Niidome et al., 2000.]. Therefore naturally

occurring as well as synthetically designed amphipathic peptides are of great interest

as delivery vectors [Elmquist et al (2001) and Wyman et al (1997)]. Most

amphipathic peptides possess the ability to translocate across the cell membrane.

Efficient cellular uptake and endosomal escape properties of these peptides are the

main reasons for their development as carriers of therapeutic cargo molecules.

However, most of these peptides are not effective carriers of large cargoes like

plasmid DNA and it is important to optimally design the peptide to improve the

delivery efficiency [Rajpal et al (2012)]. The hydrophobicity and positive charge are

two most important parameters of the peptide which need to be optimized for

designing an amphipathic peptide which can deliver plasmid DNA with high

efficiency through formation of a nanocomplex. The hydrophobic amino acids of the

peptide interact with membrane and help in cellular uptake of the nanocomplex and

positive charged amino acids of the peptide condense DNA to form these nano

complexes. A minimum amount of each of these two types of amino acids is

required; however the proportion of these two residues should be optimized because

high hydrophobicity as well as positive charge (arginine) can cause cellular toxicity,

and tight packaging of DNA reduces the accessibility of DNA to transcription

machinery [Mann et al (201 1)]. On the other hand, less number of positive charges



and low hydrophobicity can lead to premature degradation of the DNA and poor

cellular uptake [Niidome et al (1997) and Niidome et al (1999)].

[0004] In the present invention, nanocomplex has been prepared containing Mgpe

peptides. The peptide Mgpe-1 (SEQ ID No. 2) (derived from Human Protein

phosphatase IE (SEQ ID No. 1) is a novel amphipathic peptide for biomolecule

delivery and we further altered its physicochemical parameters and generated five

novel peptides to achieve efficient delivery of plasmid DNA and small nucleic acid.

The primary sequence of Mgpe-1 peptide (SEQ ID No. 2) is

SRLSHLRHHYSKKWHRFR (Mgpel) (SEQ ID No. 2). In a modification of

Mgpe-1 (SEQ ID No. 2) total charges have been increased from 6 to 9 and Mgpe-3

has been generated (RRLRHLRHHYRRRWHRFR) (SEQ ID No. 3). Further, a

peptide Mgpe-4 (LLYWFRRRHRHHRRRHRR) (SEQ ID No. 4) has been

generated by altering the amphipathicity of Mgpe-3 from secondary to primary by

altering the position- of amino acids. These two peptides (Mgpe-3 and Mgpe-4) were

further modified by addition of two cysteine residues at both ends. These two

primary sequences are CRRLRHLRHHYRRRWHRFRC and

CLLYWFRRRHRHHRRRHRRC (Mgpe 9 and Mgpe 10, SEQ ID No. 5 and 6

respectively). All modified Mgpe peptides were generated in such a way as to

optimize the total content of hydrophobicity, charges, amphipathicity and amino

acid composition and were developed by modifying the primary sequence of the

Mgpe-1 peptide (SEQ ID No. 2) sequentially. All the peptides formed

nanocomplexes with plasmid DNA with particle sizes 50- 110 nm and exhibited

high transfection efficiency in multiple cell lines with negligible or very low

toxicity.

OBJECTIVE OF THE INVENTION

[0005] The main object of the present invention is to provide a nanocomplex useful

for efficient transfection of biomolecules using Mgpe peptides. Another object of the

present invention is to develop a peptide having inherent property to non-covalently

interact with large DNA and make nanocomplexes.



[0006] Yet another object of the present invention is to develop a delivery system

that can deliver plasmid DNA into cells with efficiency equivalent to or better than

known commercial transfection agents.

[0007] Still another object of the present invention is to provide a DNA delivery

system that transfects a variety of cell lines efficiently with low toxicity.

[0008] Yet another object of the present invention is to develop a DNA delivery

system which has inherent property to efficiently overcome endosomal barrier while

delivering the cargo.

[0009] Yet another object of the present invention is to provide a nanocomplex

which will protect the cargo from serum degradation.

[00010] Still another object of the present invention is to provide an amphipathic

peptide-based nanocomplex system that can deliver siRNA and other small nucleic

acids into cells.

SUMMARY OF THE INVENTION

[00011] Accordingly, the present invention provides a nanocomplex useful for

efficient transfection of biomolecules comprising peptides Mgpe-3, Mgpe-4, Mgpe-

9 and Mgpe-10 generated by modifying the primary sequence of the Mgpe-1 (SEQ

ID No. 2). Mgpe-1 (SEQ ID No. 2) is derived from HUMAN Protein phosphatase

IE (SEQ ID No. 1). The present invention provides an eighteen amino acid long

peptide containing six positive charges, three histidines and serines and one

tryptophan with secondary amphipathicity (SRLSHLRHHYSKKWHRFR) which

has been modified and a peptide Mgpe-3 (SEQ ID No. 3) has been generated where

the total charge of the peptide is increased to 9 replacing three serines with arginines

(RRLRHLRHHYRRRWHRFR) .

[00012] In an embodiment of the present invention, there is provided a nanocomplex

useful for efficient transfection characterised in containing sequences selected from

the group consisting of SEQ ID No. 3, SEQ ID No. 4, SEQ ID No. 5 and SEQ ID

No. 6.



[00013] In a embodiment of the present invention, there is provided a nanocomplex

wherein the sequence is an amphipathic Mgpe peptide.

[00014] In an embodiment of the present invention, there is provided a nanocomplex

wherein the peptide is operably linked to a biomolecule.

[00015] In an embodiment of the present invention, there is provided a nanocomplex

wherein the biomolecule is selected from the group comprising of a DNA, plasmid

DNA, RNA, an antisense nucleotide, an aptamer, a protein, a glycoprotein, a

polypeptide, a carbohydrate or a mixture or adduct of any two or more of these.

[00016] In an embodiment of the present invention a nanocomplex gives maximal

transfection efficiency of 7-9 orders in RLU/mg protein with minimal cytotoxicity.

[00017] In an embodiment of the present invention a nanocomplex has a size in the

range of 50-1 lOnm.

[00018] In yet another embodiment of the present invention, there is provided a

method of preparing the nanocomplex comprising steps;

a) providing Mgpe peptide;

b) providing biomolecule;

c) diluting the peptidelO-100 µΐ obtained in step (a) and DNA 20-50 ng/µΐ

obtained in step (b) in water such that peptide-DNA charge ratio is 0.5-50;

d) adding DNA solution obtained in step (b) drop-wise to an equal volume of

the peptide dilution while vortexing;

e) incubating solution obtained in step (d) for 30 min to 1 h at room

temperature to obtain the nanocomplex.

[00019] In yet another embodiment of the present invention, there is provided a

nanocomplex wherein it carries biomolecules in the range of 20 bp to 7 kbp size.

[00020] In yet another embodiment of the present invention, there is provided a kit

useful for delivering biomolecules into a cell, said kit comprising of Mgpe peptide

and an instruction manual.



[00021] In a further embodiment of the present invention, there is provided use of

nanocomplex, for efficient delivery of biomolecules into the cells with minimal

toxicity.

[00022] In a further embodiment of the present invention, there is provided use of

nanocomplex as a peptide based carrier system.

[00023] In a further embodiment of the present invention, there is provided use of

nanocomplex for protection of biomolecules in presence of serum and efficient

transfection in eukaryotic cells in serum containing medium.

[00024] In a further embodiment of the present invention, there is provided use of

the nanocomplex, for efficiently transfection of biomolecules into an eukaryotic cell.

[00025] In yet another embodiment of the present invention, there is provided a

composition, comprising: (a) nanocomplex that comprise (i) an amphipathic peptide

that comprises less than 30 amino acids and (ii) a lipid and (b) at least one cell

specific targeting ligand or immunogenic species or a drug associated with said

nanocomplexes.

[00026] In yet another embodiment of the present invention, there is provided the

composition, wherein the amphipathic peptide comprises an amino acid sequence

selected from the group consisting of SEQ ID No. 3, SEQ ID No. 4, SEQ ID No. 5

and SEQ ID No. 6.

[00027] In yet another embodiment of the present invention, there is provided a

composition, wherein the lipid is a phospholipid and cholesterol.

[00028] In yet another embodiment of the present invention, there is provided a

method of forming cell specific targeting composition or immunogenic composition

or drug delivery composition, comprising synthesizing or modifying an

immunogenic species or cell specific targeting ligand or a drug in the presence of

nanocomplexes that comprise (i) an amphipathic peptide that comprises less than 30

amino acids and (ii) a lipid, wherein said synthesized or modified cell specific

targeting ligand or immunogenic species or a drug becomes associated with said

nanocomplexes as a result of said synthesis or modification step.



[00029] In an embodiment of the present invention, Mgpe-3 has been further

modified to Mgpe-4 (LLYWFRRRHRHHRRRHRR) (SEQ ID No. 4) where a

secondary amphipathic peptide (Mgpe-3) is changed to primary amphipathic peptide

(Mgpe-4) by rearrangement of the amino acids.

[00030] In another embodiment of the present invention, two cysteines were

incorporated on the two ends of the peptides Mgpe-3 and Mgpe-4 respectively to

generate two peptides Mgpe-9 and Mgpe-10 (SEQ ID No. 5 and 6).

[00031] In still another embodiment of the present invention, peptide-DNA

nanocomplexeswere prepared at different charge ratios ranging from 0.5 to 50

expressed as peptide nitrogen per nucleic acid phosphate (N/P) or as Z (+/-) by

mixing peptides and plasmid DNA or RNA followed by vortexing and allowing the

complexes to stabilize.

[00032] In yet another embodiment of the present invention, all five invented

peptides were able to condense large plasmid DNA non-covalently and efficiently to

form nanocomplexes. All the peptides retarded the DNA on agarose gel at charge

ratio 1.5 to 2. Similarly 80-90% fluorescence decreases have been observed in

ethidium bromide (EtBr) assay at charge ratio 1.5 to 2 in all the cases.

[00033] In still another embodiment of the present invention, all five invented

peptides were able to make monodisperse nanocomplexes with sizes ranging from

50 n to 110 nm with DNA (size ranging from 3-7kb).

[00034] In yet another embodiment of the present invention, all the nanocomplexes

showed an ability to release the DNA when encountered with the anionic challenge

(using anionic agent heparin; heparin: peptide ratio of 0.25 to 1) which is primary

requirement for efficient delivery of bioactive molecules.

[00035] In still another embodiment of the present invention, Mgpe-9 and Mgpe-10

have two cysteines and these peptides further have possibilities to be used as

reducible polycations where the peptide has been polymerized before making a

nanocomplex with the DNA or the nanocomplex is oxidized after preparation to

further increase the transfection efficiency.



[00036] In yet another embodiment of the present invention, nanocomplexes from

all the five peptides show good transfection efficiency of plasmid DNA in CHO-Kl

cells while non-covalently complexed. Peptide Mgpe-9 shows maximum

transfection efficiency which is more than 10 RLU/mg protein at charge ratio 5.

[00037] In still another embodiment of the present invention, these nanocomplexes

show higher or equal transfection efficiency in comparison with liposomal and PEI

based commercial transfection agents like Cellfectin, Superfect and Lipofectamine

2000.

[00038] In yet another embodiment of the present invention, nanocomplex

containing peptide Mgpe-3 shows higher or equal transfection efficiency to the

commercially available agent Cellfectin and Superfect in CHO-Kl cells at charge

ratio 10.

[00039] In still another embodiment of the present invention, nanocomplex

containing peptide Mgpe-4 shows higher or equal transfection efficiency to the

commercially available agent Cellfectin and Superfect in CHO-Kl cells at charge

ratio 5.

[00040] In yet another embodiment to the present invention, nanocomplex

containing peptide Mgpe-9 shows higher or equal transfection efficiency to the

commercially available agent Cellfectin, Superfect and Lipofectamine 2000 in

CHO-Kl cells at charge ratio 5.

[00041] In still another embodiment to the present invention, presence of

chloroquine shows only slight increase in transfection efficiency indicating these

peptides present in nanocomplex have inherent property to come out of the

endosomal barrier.

[00042] In yet another embodiment of present invention, nanocomplexes containing

these peptides show promising transfection efficiency in many cell lines from

different origin like MCF-7, A549 and CHO-Kl cells. Nanocomplex containing

Mgpe-9 shows highest transfection efficiency at charge ratio 5 which is more

than 108 RLU/mg protein in CHO-Kl, more than 108 RLU/mg protein in MCF-7,

more than 106 RLU/mg protein in A549 cell lines.



[00043] In still another embodiment of present invention, these nanocomplexes

show serum stability at different serum concentrations.

[00044] In yet another embodiment of the present invention, nanocomplexes

containing these peptides show good transfection efficiency in presence of 10%

serum in CHO-K1 cells at different charge ratio like 10, 20 and 30. At charge ratio

of 20 nanocomplex containing Mgpe-9 shows highest transfection efficiency in

presence of serum which is up to 10 RLU/mg protein.

[00045] In still another embodiment of the present invention, nanocomplexes

containing these peptides show none o very less cytotoxicity in CHO-K1 cells

which is prerequisite for a better transfection reagent.

[00046] In yet another embodiment of the present invention, nanocomplxes

containing these peptides show 100-125% less toxicicity when compared to

Lipofectamine 2000 whereas comparable to Superfect and Cellfectin in CHO-K1

cells.

[00047] In still another embodiment of the present invention, nanocomplexes

containing peptide Mgpe-9 and Mgpe-10 have been found to show small RNA

delivery using Siglo which was non-covalently complexed to the peptide at a charge

ratio of 5.

BRIEF DESCRIPTION OF THE FIGURES

[00048] Figure 1 shows the electrophoretic mobility of the nanocomplexes at

different charge ratios. Lane 1- Ctrl (only plasmid DNA), Lane 2-9 are the

nanocomplexesformed at different charge ratios (0.5-10). Figure 1A for Mgpe - 1

(SEQ ID No. 2), Figure IB for Mgpe -3, Figure 1C for Mgpe -4, Figure ID for

Mgpe -9 and Figure IE for Mgpe -10.

[00049] Figure 2 shows DNA release from the nanocomplex of DNA and peptides at

different Wt/Wt ratios of heparin:petide. DNA release assay showing relative

stability of nanocomplexes formed with peptides at charge ratio 10.0 against

different concentrations (weight/weight ratio of heparin/peptide) of anionic agent.

Lane 1- Ctrl (only plasmid DNA), Lane 2-12are different weight/weight ratios of



heparin/peptide (0.0-3.0).Figure 2A for Mgpe - 1 (SEQ ID No. 2), Figure 2B for

Mgpe -3, Figure 2C for Mgpe -4, Figure 2D for Mgpe -9 and Figure 2E for Mgpe -

10.

[00050] Figure 3 shows DNA condensation efficiency using Ethidium bromide

(EtBr) intercalation assay. The fluorescence of EtBr is inhibited as it excludes from

DNA upon increasing concentration of peptides or charge ratio Z (+/-). The

fluorescence of free uncomplexed DNA was set as maximum i.e. 100%.Values are

plotted as percentage of maximum±S.D. Figure 3A for Mgpe - 1 (SEQ ID No. 2),

Figure 3B for Mgpe -3, Figure 3C for Mgpe -4, Figure 3D for Mgpe -9 and Figure

3E for Mgpe -10.

[00051] Figure 4 shows DNA release efficiency using Ethidium bromide (EtBr)

intercalation assay. Relative stability of nanocomplexes at charge ratio 10.0 against

different concentrations (weight/weight ratio of heparin/peptide) of anionic agent is

shown. Amount of DNA released was measured by increase in the fluorescence

because of intercalation of EtBr. Fluorescence of free plasmid DNA complexed to

EtBr was taken as 100%. Values are plotted as percentage of maximum±S.D. Figure

4A for Mgpe -1(SEQ ID No. 2), Figure 4B for Mgpe -3, Figure 4C for Mgpe -4,

Figure 4D for Mgpe -9 and Figure 4E for Mgpe -10.

[00052] Figure 5 shows in vitro transfection of the luciferase gene into CHO- 1

cells using the different nanocomplexes containing different Mgpe peptides in

comparison with different commercially available transfection reagents.

Transfections have been done at charge ration 10 for Mgpe-1 (SEQ ID No. 2) and

Mgpe -3 and at charge ratio 5 for Mgpe -4, Mgpe -9 and Mgpe 10. Cells were

incubated with the nanocomplexes for 5h and luciferase activity was measured after

24h.

[00053] Figure 6 shows transfection efficiency; in vitro transfection of the luciferase

gene into CHO-K1 in absence and in presence of 100 µΜ chloroquine (CQ).

Transfections have been done at charge ratio 10 for Mgpe-1 (SEQ ID No. 2) and

Mgpe -3 and at charge ratio 5 for Mgpe -4, Mgpe -9 and Mgpe 10. Cells were



incubated with the nanocomplexes for 5 h and luciferase activity was measured after

24 h.

[00054] Figure 7 shows in vitro transfection of the luciferase gene into different

cells; (A) MCF-7, (B) A549 by different nanocomplexes in the different conditions

as mentioned above. Cells were incubated with the nanocomplexes for 5 h and

luciferase activity was measured after 24 h.

[00055] Figure 8 shows serum stability of the DNA complexed with peptides at

different concentration of serum. Serum stability assay showing relative stability of

nanocomplexes formed with peptides at charge ratio 10.0 in presence of serum. Lane

1- Ctrl (only plasmid DNA), Lane 2 - plasmid DNA with 5% serum, Lane 3-

nanocomplex only, Lane 4- nanocomplex with heparin, Lane 5-8 nanocomplexwith

different concentration of serum.Fig 8A for Mgpe -3, Fig 8B for Mgpe -4 and Fig

8C for Mgpe -9.(ppx = nanocomplex)

[00056] Figure 9 shows transfection efficiency; in vitro transfection of the luciferase

gene into CHO-K1 in presence of 10% serum. Transfections have been done at

charge ratio 10, 20 and 30 for Mgpe-3, Mgpe-4 and Mgpe -9. Cells were incubated

with the nanocomplexes for 5 h and luciferase activity was measured after 24 h. (cr

= charge ratio)

[00057] Figure 10 shows cell viability assay: cell viability in presence of

nanocomplexes at charge ratio 10 for Mgpe-1 (Seq. ID No. 2) and Mgpe -3 and at

charge ratio 5 for Mgpe -4, Mgpe -9 and Mgpe -10 was evaluated using CellTiter-

Glo® Luminescent Cell Viability Assay after 24 h in CHO-K1 cells. Untreated cells

were defined as 100% viable.

[00058] Figure 11 shows cellular uptake of the nanocomplexes (siglo and peptide);

Percentage of fluorescence positive cells (bars) and their mean intensity (line)

measured using flow cytometry after 4 h incubation with the nanocomplexes formed

using Mgpe-9 and Mgpe -10 at charge ratio 5 in CHO- 1 cells (where the RNA is

labelled with FITC).



DETAILED DESCRIPTION OF THE INVENTION

[00059J Delivering therapeutic biomolecules into the cell has the potential to

provide much help in clinics in the treatment of genetic as well as acquired diseases

and is also important as a research tool. However, since these foreign therapeutic

molecules cannot enter cells on their own and most of their known carrier molecules

suffer from several limitations as listed above, there is an urgent need for design and

synthesis of novel carrier molecules. Peptides can serve as an efficient delivery

vectors as they are easy to synthesise, chemically modified for tissue specific

delivery, biocompatible and are safer as compared to their lipid and polymer

counterparts. However, many of the known peptide systems suffer from low

transfection efficiency. Therefore there is a need to design peptide-based

transfection agents which have high transfection efficiency and low cytotoxicity.

[00060] A nucleic acid delivery peptide should have nucleic acid binding property

and also simultaneously possess the property of membrane interaction. For this

purpose, we considered to design a helical amphipathic peptide which also contains

positively charged amino acids because it can interact with DNA as well as with the

membrane. Other amino acids in the sequence which can facilitate the delivery are

histidines (for endosomal buffering capacity), tryptophan (associated with

membrane anchoring property) and serines (can make hydrogen bond and further

stabilise the interaction with DNA as well as membrane). The overall

hydrophobicity of the peptide should be low while maintaining the

amphiphipathicity required for membrane binding because high hydrophobicity is

usually associated with cytotoxicity. We then searched primarily the swissprot

database for human using HELIQUEST [Gautier R. (2008)] for a target alpha helix

forming peptide with these properties. Using sequence statistics and physico-

chemical -parameters we have specifically searched for a peptide possessing the

criteria given above.

[00061] Amphipathic peptides can be used as carriers of therapeutic biomolecules

because they have the potential to overcome cellular barriers encountered in the

process of cargo delivery since hydrophobic amino acids can efficiently interact

with plasma membrane as well as help in making stable complex with the cargo



molecules [Niidome T et al (1999)]. The hydrophilic part of the peptide which is

mostly made up of positively charged amino acids can interact with negatively

charged cargo molecules and make stable nanocomplexes through non-covalent

interactions. The positively charged amino acids like arginine are also known for the

ability of cell penetration. However, both the above-mentioned properties have the

disadvantage of high cytotoxicity. So the optimisation of these properties in a vector

is very important to improve its efficiency. Peptide sequences which presents in

human proteins are safer to use and hence designing vectors derived from such

sequences is likely to be a better option. Accordingly in the present invention,

nanocomplexes are prepared containing different novel amphipathic peptides. A

novel peptide system is derived from HUMAN Protein phosphatase IE (SEQ ID No.

1) and is further modified to generate four more amphipathic peptides to increase

transfection efficiency.

[00062] The present invention is related to delivery of nucleic acid into the cell

while non-covalently complexed with the peptide vector thereby forming a

nanocomplex. Nucleic acid delivery encompasses gene delivery, plasmid DNA

delivery or small RNA delivery. The peptide length for efficient cellular entry is

considered as optimum from 8 to 30 amino acids. But a length less than 18 amino

acids cannot make stable alpha helix and the longer length have disadvantage of

immunogenicity, synthesis and more. Formation of alpha helix has been considered

to be an important feature for an efficient gene delivery system. Hence, further in

this invention the peptide length is kept 18 amino acids long which is required for

forming alpha helices. Screening of alpha helix forming peptide was done by using

the software HELIQUEST. HELIQUEST calculates alpha helix forming propensity

of a peptide from its physicochemical properties and amino acid composition and

uses the results to screen any databank in order to identify protein segments

possessing alpha helix forming peptides. It was found that in some specific

environment these peptides have ability to form alpha helix structure. Hence, in this

invention the parent peptide length chosen is kept as 18 amino acids long which is

required for forming alpha helices (Mgpel) (SEQ ID No. 2).



[00063] This 18 mer Mgpe peptide (SRLSHLRHHYSKKWHRFR) has 6 positive

charges which is then further optimised for better transfection efficiency and

reduced cytotoxicity. In the first modification, the total charge of the peptide is

increased to 9 replacing three serines with arginines. It has been reported previously

that arginines have better cargo interaction property as well as cell penetration

ability so further in this invention the two lysines were replaced by arginines and a

peptide Mgpe-3 has been generated (RRLRHLRHHYRRRWHRFR).

[00064] Amphipatic peptides can be classified in two categories primary and

secondary, depending upon the mutual arrangement of the hydrophobic and

hydrophilic residues. In primary amphipathic peptides, one terminus has more

hydrophobic amino acids and the other consists of more hydrophilic amino acids

(e.g., MPG, pep-1, pVEC) but this does not necessarily mean that the respective

domains have same hydrophobicity index number [Fernandez-Carneado et al, 2004].

However, in secondary amphipathic peptides, if it adopts alpha helical structure, all

the hydrophilic amino acids are arranged on one face of the helix and the

hydrophobic amino acids constitute the opposite face (e.g., MAP, KALA, CADY).

It is also reported previously that in some cases the transfection efficiency is

governed by the amphipaticity of the peptide. Further in this invention, the

amphipathicity of the peptide has been changed from secondary (Mgpe-3) to

primary amphipathicity by changing the arrangement of amino acids in such a way

that all the hydrophobic amino acidsare present at N-terminal of the peptide and all

hydrophilic amino acids are present at C-terminal of the peptide and a peptide

(Mgpe-4) has been generated.

[00065] Cysteines have an ability to form disulfide bonds in presence of oxidative

environment and these bonds can easily break in reducing environment. This

property of cysetine has been used in different polymer systems used for DNA

delivery where addition of cysteines helps in strong condensation and protection of

the DNA before delivery and allows release of the DNA in the intracellular reducing

environment. Thus, cysteines can provide further advantage in terms of

condensation release balance as well as anchoring on plasma membrane because

mostly the extracellular environment shows oxidative condition whereas



intracellular environment has reductive condition [Won YW et al (2010) and Won

YW et al (201 1)]. Therefore, in the present invention further we have incorporated a

cysteine residue at each at the end of the peptides Mgpe 3 and Mgpe4 and generated

two peptides Mgpe-9 and Mgpe- 10.Peptides have been synthesized by automated

solid phase peptide synthesis using Fmoc protected amino acids. The amino acid

residues were activated for coupling with HBTU (O-benzotriazole- Ν ,Ν ,Ν ' ,Ν ',-

tetramethyluroniumexafluorophosphate) and HOBt (Nhydroxybenzotriazole) in the

presence of DIPEA (diisopropylethylamine). Deprotectionswerecarried out in 2%

DBU, 2% piperidine in DMF (N,Ndimethylformamide). Cleavage of the peptide

from the resin was performed in Trifluoroacetic acid (TFA), Triisopropylsilane

(TIPS) and water. TFA was evaporated and cleavage products dissolved in ether.

The water-soluble peptides were extracted with water and lyophilized. Peptides can

be purified by reversed phase HPLC, using a C-18 column. The peptide identity was

confirmed by MALDI mass spectrometry.

[00066] In the present invention, nanocomplexes containing these peptide systems

have been generated for efficient transfection with optimum condensation-release

balance ability, low cytotoxicity, and efficient endosomal escape property and serum

stability of the complexes. The uniqueness of the systems is that these peptides are

novel for cargo delivery and further optimized for best transfection efficiency. These

systems show better transfection efficiency than commonly used commercial

transfection agents and show very less cytotoxicity and are easy to synthesize as

well.

[00067] The aim of the invention is to provide a simple and efficient way to achieve

high transfection efficiency. Non-covalent attachment of the cargo to the vector

through formation of nanocomplex has been used for preparing the delivery

formulation. This is not only the simple way but also has enormous possibility of the

different combinations which can be tried to arrive at the best transfection

efficiency. In this invention nanocomplexes were prepared at different charge ratios

expressed as peptide nitrogen per nucleic acid phosphate (N/P), i.e. Z (+/-). The

nucleic acid stock was diluted to an appropriate concentration and added drop-wise

to an equal volume of the appropriate peptide dilution while vortexing. The



nanocomplexes were incubated for 30 min or lh at room temperature before

performing any experiment.

[00068] The ability of the peptide to make nanocomplex with plasmid DNA was

checked by measuring the electrophoretic mobility of the nanocomplexes at different

charge ratios. The amount of the DNA in each sample was kept same and the

amount of the peptide was varied in each case. The electrophoretic mobility of the

nanocomplexes at different charge ratios was studied using agarose gel

electrophoresis. 20 µΐ of the nanocomplex having 200 ng of plasmid DNA was

loaded in each case onto 1% agarose gel containing ethidium bromide.

Electrophoresis was carried out at 135 V in l TAE buffer (pH 7.4) for 30 min.

Lane 1- Ctrl (only plasmid DNA), Lane 2-9 are the nanocomplexes formed at

different charge ratios (0.5-10). The following figures represent the results of

agarose gel electrophoresis: Fig 1A for Mgpe -1(SEQ ID No. 2), Fig IB for Mgpe -

3, Fig 1C for Mgpe -4, Fig ID for Mgpe -9 and Fig IE for Mgpe -10.

[00069] Interaction of the peptide with DNA leading to DNA condensation was also

measured by the inhibition of DNA-intercalated EtBr fluorescence signal in the

presence of peptides. Intercalation of EtBr into free DNA increases the fluorescence

of EtBr and gives 10 fold greater fluorescence emission. DNA binding peptide

excludes EtBr from the DNA due to nanocomplexes formation, resulting in decrease

in fluorescence intensity of EtBr. This drop can be used as a measure of peptide-

DNA interaction as well as DNA condensation. The assay was carried out in black

96-well format plates (Nunc) where 4.22 µΐ EtBr (10 ng/µΐ) and 20 µΐ DNA (20

ng/µΐ) was dispensed in each well and incubated in dark for 5 min at room

temperature. 20 µΐ of peptide solution at increasing charge ratio was then added to

the wells and the plate incubated for another 10 min in dark. Fluorescence was

measured in DTX 880 Multimode detector (Beckman Coulter) using 535 SL EXP 1

excitation and 595 SL EMP 1 emission filters. The fluorescence of only DNA with

EtBr was taken as the maximum, i.e. 100% and the relative percentage decrease in

fluorescence signal was calculated at increasing charge ratio of peptide to DNA and

plotted as percentage of maximum (% of Max). In the present invention, the

peptides were able to condense large plasmid DNA non-covalently and efficiently to



form nanocomplexes. The following Figures show the results of EtBr intercalation

assay: Figure 3A for Mgpe -1(SEQ ID No. 2), Figure 3B for Mgpe -3, Figure 3C for

Mgpe -4, Figure 3D for Mgpe -9 and Figure 3E for Mgpe -10.

[00070] It is very important that the cargo forms stable nanocomplexes with the

peptide but simultaneously it must also be sufficiently loosely packaged so that the

nanocomplex can be disassembled inside the cell. Hence, the balance of efficient

DNA condensation and intracellular release is an important parameter in governing

the DNA delivery efficiency. When the nanocomplex encounters an anionic

challenge like heparin, the positively charged peptide interacts with the anionic

agent, destabilizes the complex and releases DNA. Nanocomplexes were prepared

with peptide and plasmid DNA at Z (+/-) of 10 and incubated for 30 min at room

temperature. The nanocomplexes were treated with increasing amount of anionic

agent heparin (H3149-100KU) in wt/wt (heparin/peptide) ratios ranging from 0.1:1

to 3:1, incubated for a further 30 min at room temperature again and run on 1%

agarose gel. The amount of the DNA released from the nanocomplexes was

compared with the control here which is bare DNA. Fig 2 shows DNA release from

the nanocomplexs at different Wt/Wt ratios of heparimpetideDNA release assay.

Lane 1- Ctrl (only plasmid DNA), Lane 2-10 are different weight/weight ratios of

heparin/peptide (0.0-3.0). The following Figures show the results of the gel release

assay: Figure 2A for Mgpe -1(SEQ ID No. 2), Figure 2B for Mgpe -3(SEQ ID No.

3), Figure 2C for Mgpe -4(SEQ ID No. 4), Figure 2D for Mgpe -9(SEQ ID No. 5)

and Figure 2E for Mgpe - 0(SEQ ID No. 6).

[00071] The stability of the nanocomplexes was also checked with EtBr assay.

Heparin at increasing amounts was added to black 96 well plates (Nunc), followed

by addition of 20 µΐ of nanocomplexes (which was made 30 min before) and 10

µΙΕ Β Γ (4.22 ng/µ ) and incubated for 15 min at room temperature in the dark. The

fluorescence of only DNA with EtBr was taken as 100% and the relative percentage

fluorescence signal was calculated at increasing concentration of heparin. The

following Figures show the results of the DNA release assay: Figure 4A for Mgpe -

1, Figure IB for Mgpe -3, Figure 4C for Mgpe -4, Figure 4D for Mgpe -9 and Figure

4E for Mgpe -10.



[00072] The mean hydrodynamic diameter and zeta potential of nanocomplexes

prepared at charge 10.0 at 25 ng/µΐ of DNA concentration in deionized water were

measured by Zeta sizer Nano ZS (Malvern Instruments, UK) at a fixed angle of 173°

at 25 °C. Minimum of 3 readings were recorded for each sample with replicates. As

presented in Table -2 all the peptides were able to make nanocomplexes with DNA.

The size of nanocomplexes was ranging from 50 to 110 nm and Zeta potential was

ranging from 30 to 60 mV.

[00073] The transfection efficiency in terms of reporter gene expression has been

checked using luciferase reporter assay. A plasmid (pMIR-Report™ Luciferase)

containing luciferase gene was complexed with the peptide and transfected to the

cell. The nanocomplexes were made at different charge ratios and transfected in a

wide range of cell lines. CHO-K1 cells were maintained in Ham's F-12K media and

MCF-7 and A549 cells in low glucose DMEM supplemented with 10% (v/v) Fetal

bovine serum (Life Technologies, USA); at 37 °C and 5% C02 in humidified

incubator. Cells were seeded 24 h before transfection in 24-well plates.

Nanocomplexes were prepared with final DNA concentration of 20 ng/µΐ and

incubated for 1 h at room temperature. 100 µΐ of nanocomplex was added to cells at

-70% confluency in serum-free media (OptiMEM, Invitrogen). After 5 h of

incubation at 37 °C and 5% C02 in humidified incubator, the media was aspirated;

cells were washed with phosphate buffered saline (PBS, pH 7.4) and supplemented

with 500 µΐ of complete growth medium. After 24 h, cells were washed with PBS

and lysed with 100 µΐ of cell culture lysis buffer ( l CCLR, Promega). Luciferase

expression was measured in 50 µΐ of cell lysate supernatant using the luciferase

assay substrate (Promega). Light emission was measured by integration over 10s in

Orion microplate luminometer (Berthold Detection System, Germany). Luciferase

activity was normalized with total protein content of the cells estimated using BCA

protein assay (Pierce).

[00074] All the five peptides showed good transfection efficiency of plasmid DNA

in CHO-K1 cells while non-covalently complexed. Nanocomplexes of Mgpe- 3 and

Mgpe-4 showed higher or equal transfection efficiency to the commercially

available agent Cellfectin and Superfect in CHO-K1 cells at charge ratio 10 and 5



respectively whereas Mgpe-9 showed highest transfection efficiency, higher

Cellfectin and Superfect and equal to Lipofectamine2000 at charge ratio 5.

[00075] To check the effect of chloroquine, cells were treated with 100 µΜ final

concentration of chloroquine with nanocomplex for 5 h. After 24 h the expression of

the reporter gene was measured as mentioned above. Here presence of chloroquine

did not have any big difference in transfection efficiency indicating these peptides in

the nanocomplexes have inherent property to come out of the endosomal barrier.

[00076] To check the universality of these transfection systems, transfection was

carried out in many cell lines which are from different origin like CHO-K1, MCF-7

and A549. These peptides showed promising transfection efficiency in all the cell

lines checked.

[00077] In order to evaluate the stability of the nanocomplexes against serum, we

performed the Serum Stability Assay. The nanocomplexes were prepared by mixing

of peptides with DNA (20ng/ul) at the charge ratio of 10 and incubated at room

temperature for 30 min. The respective percentage of serum was added and the

nanocomplexes were incubated at 37°C for 2 h after which the reaction tubes were

kept at 75°C for 15 min to deactivate serum nucleases and proteases. Heparin (w/w

ratio-5:l) was added in the respective tubes and further incubated at 37°C for 15 min

after that sample were run on 1% agarose gel.

[00078] In order to evaluate the transfection in presence of serum MCF-7 cells were

seeded 24 h before transfection. After 24 h transfections have been done at charge

ratio 10, 20 and 30 for Mgpe-3, Mgpe-4 and Mgpe -9. Nanocomplexes were

prepared with final DNA concentration of 20 ng/µΐ and incubated for 1 h at room

temperature. 100 µΐ of nanocomplex was added to cells at -70% confluency in

complete media (having 10% serum). After 5 h of incubation at 37 °C and 5% C02

in humidified incubator, the media was aspirated; cells were supplemented with 500

µΐ of fresh medium. After 24 h the expression of the reporter gene was measured as

mentioned above.

[00079] Nanocomplexes with these peptides did not show any cytotoxicity at charge

ratios used in transfection. They showed less toxicity in comparison to the



commercially available agent Lipofectamine2000. Cell viability was evaluated using

CellTiter-Glo® Luminescent Cell Viability Assay (Promega). The CellTiter-Glo®

Luminescent Cell Viability Assay is a homogeneous method to determine the

number of viable cells in culture based on quantitation of the ATP present. Briefly,

CHO-Kl cells were seeded 1 day before treatment into 96-well plate. Cells were

treated with a 20 µΐ of nanocomplexes made at charge ratio 10 in serum-free media

for 5 h, the media was aspirated and supplemented with 100 µΐ complete growth

medium. Thereafter, cell viability was evaluated according to the manufacturer's

protocol. Untreated cells were defined as 100% viable in cell viability assay.

[00080] The uptake of the small RNA, which is noncovalently complexed with the

peptides, was almost 100% in CHO-Kl cells at charge ratio 5 for Mgpe-9 and

Mgpe-10. Siglo was used as a model small RNA. This RNA was used to prepare the

nanocomplexes with the peptide at charge ratio 5.0. Chinese hamster ovary cells

(CHO-Kl) were maintained in Ham's F-12K media supplemented with 10% (v/v)

Fetal bovine serum (Life Technologies, USA); at 37 °C and 5% C02 in humidified

incubator. Cells were grown in 24 well plate which was seeded 24h before use. At a

confluency of 70-80% the cells were treated with labelled nanocomplexes for 4 h at

37 °C. After incubation, the media was removed and cells were washed twice with

PBS supplemented with heparin ( 1 mg/ml). The cells were then treated with trypsin

(0.25%) for 5-10 min and harvested in complete media, pelleted down, washed with

PBS, resuspended in PBS having 1% BSA and then analyzed on FACS-Calibur™

(Becton Dickinson, USA) using CellQuesf Pro software. The labelled

nanocomplexes were excited using 488 nm laser and detected with 530/30 nm (FL1)

band pass filter. In each case total 10,000 events were acquired. Percentage of

fluorescence positive cells was plotted as bars and their mean intensity was plotted

as a line. Both the nanocomplexes showed delivery of small RNA very efficiently.

EXAMPLES

[00081] The following examples are given by way of illustration therefore should

not be constructed to limit the scope of the Invention.



EXAMPLE 1

Identifying peptide sequence of Human protein phosphatase IE

[00082] Screening an alpha helix forming peptide software HELIQUEST was used.

HELIQUEST calculates alpha helix forming propensity of a peptide from its

physicochemical properties and amino acid composition and uses the results to

screen any databank in order to identify protein segments possessing alpha helix

forming peptides. Screening a-Helix allows the user to screen SwissProt databases

or any personal databases in order to find sequences that have the general physico-

chemical features of an alpha helix sequence. In HeliQuest, required

physicochemical property needed to search a peptide in a database can be given.

There was one peptide Human Protein phosphatase IE (SEQ ID No. 1) that satisfied

the criteria. The 18 er Mgpe-1 peptide (SRLSHLRHHYSKKWHRFR) has 6

positive charges which is then further optimised for better transfection efficiency

and reduced cytotoxicity.

EXAMPLE 2

Preparation of Mgpe Mutants

[00083] In the first modification, the total charge of the peptide is increased to 9 by

replacing three serines with arginines. The peptide so generated is named as Mgpe3

and the sequence of the peptide so obtained is (RRLRHLRHHYRRRWHRFR).

Further in this invention, the amphipathicity of the peptide has been changed from

secondary (Mgpe-3) to primary amphipathicity by changing the arrangement of

amino acids in such a way that all the hydrophobic amino acids are present at N-

terminal of the peptide and all hydrophilic amino acids are present at C-terminal of

the peptide and a peptide Mgpe-4 with sequence (LLYWFRRRHRHHRRRHRR)

is generated.

[00084] The peptide Mgpe 3 and Mgpe. 4 were further modified by incorporating

cysteine residue at each end of the peptides Mgpe 3 and Mgpe4 to generate peptides

Mgpe-9 (CRRLRHLRHHYRRRWHRFRC) and Mgpe- 10

(CLLYWFRRRHRHHRRRHRRC) respectively. The sequences of the peptides

prepared are mentioned in the Table .



NAME OF PEPTIDE AMINO ACID SEQUENCE SEQUENCE
ID NO.

Mgpe-1 SRLSHLRHHYSKKWHRFR 2
Mgpe- 3 RRLRHLRHHYRRRWHRFR 3
Mgpe-4 LLYWFRRRHRHHRRRHRR 4
Mgpe-9 CRRLRHLRHHYRRRWHRFRC 5
Mgpe -10 CLLYWFRRRHRHHRRRHRRC 6

EXAMPLE 3

Synthesis of nanocomplexes

[00085] The aim of the invention is to provide a simple and efficient way to achieve

high transfection efficiency. Non-covalent attachment of the cargo to the Mgpe

peptides through formation of nanocomplex has been used for preparing the delivery

formulation. This is not only the simple way but also has enormous possibility of the

different combinations which can be tried to arrive at the best transfection

efficiency. In the present invention, nanocomplexes were prepared at different

charge ratios expressed as peptide nitrogen per nucleic acid phosphate (N/P), i.e. Z

(+/_ ). The nucleic acid stock was diluted to an appropriate (20-50 ng/µΐ)

concentration and added drop-wise to an equal volume of the appropriate (10-100

µΐ ) peptide dilution while vortexing. The nanocomplex was incubated for 30 min or

1 h at room temperature before performing any experiment.

EXAMPLE 4

Gel Retardation Assay

[00086] The ability of the peptides to make nanocomplex with plasmid DNA was

checked by measuring the electrophoretic mobility of the nanocomplexes at different

charge ratios. The amount of the DNA in each sample was kept same and the

amount of the peptide was varied in each case. The electrophoretic mobility of the

nanocomplexes at different charge ratios was studied using agarose gel

electrophoresis. 20 µΐ of the nanocomplex having 200 ng of plasmid DNA was

loaded in each case onto 1% agarose gel containing ethidium bromide.

Electrophoresis was carried out at 135 V in IX TAE buffer (pH 7.4) for 30 min. All

the invented peptides condensed the DNA efficiently and formed nanocomplex. In

order to analyze the stability of nanocomplexes against anionic challenge,



nanocomplexes were prepared with peptide and plasmid DNA at Z (+/-) of 10 and

incubated for 30 min at room temperature. The nanocomplexes were treated with

increasing amount of anionic agent heparin (H3149-100KU) wt/wt (heparin/peptide)

in the ratio of 0.1:1 to 3:1, incubated for a further 30 min at room temperature again

and run on 1% agarose gel. The amount of the DNA released from the

nanocomplexes was compared with the control here which is bare DNA.

Nanocomplex of all the invented peptides showed efficient stability in presence of

anionic challenge.

EXAMPLE 5

EtBr exclusion assay

[00087] Intercalation of EtBr into free DNA increases the fluorescence of EtBr and

gives 10 fold greater fluorescence emission. DNA binding peptide excludes EtBr

from the DNA due to nanocomplex formation, resulting in decrease in fluorescence

intensity of EtBr. This drop can be used as a measure of peptide-DNA interaction as

well as DNA condensation. The assay was carried out in black 96-well format plates

(Nunc) where 4.22 µΙΕίΒ Γ (10 ng/µΐ) and 20 µΐ DNA (20 ng/µ ) was dispensed in

each well and incubated in dark for 5 min at room temperature. 20 µΐ of peptide

solution at increasing charge ratio was then added to the wells and the plate

incubated for another 10 min in dark. Fluorescence was measured in DTX 880

Multimode detector (Beckman Coulter) using 535 SL EXP 1 excitation and 595 SL

EMP 1 emission filters. The fluorescence of only DNA with EtBr was taken as the

maximum, i.e. 100% and the relative percentage decrease in fluorescence signal was

calculated at increasing charge ratio of peptide to DNA and plotted as percentage of

maximum (% of Max). All the invented peptides condensed the DNA efficiently and

formed nanocomplex.

[00088] For nanocomplex stability study, heparin was added to 96 well plates

(Nunc) at increasing amounts, followed by addition of 20µ1 of nanocomplex

prepared at charge ratio 10 and ΙΟµΙ EtBr (4.22ng^l) and incubated for 15min at

room temperature in the dark. The fluorescence of DNA with EtBr was taken as

100% and the relative percentage increase in fluorescence signal was calculated at



increasing concentration of heparin. Fluorescence was measured in DTX 880

Multimode detector (Beckman Coulter) using 535 SL EXP 1 excitation and 595 SL

EMP 1 emission filters. Nanocomplex of all the invented peptides showed efficient

stability in presence of anionic challenge.

EXAMPLE 6

Determination of size and zeta potential of nanocomplexes by DLS

[00089] The mean hydrodynamic diameter and zeta potential of nanocomplex (Table

2) prepared at charge 10 at 25 ng/µΐ of DNA concentration in deionized water were

measured by Zeta sizer Nano ZS (Malvern Instruments, UK) at a fixed angle of 173°

at 25 °C. Minimum of 3 readings were recorded for each sample with replicates. All

five invented peptides were able to make monodisperse nanocomplex with sizes

ranging from 50 nm to 110 nm with DNA.

Table 2: Size (nm), PDI and Zeta potential (mV) of the nanocomplexes at charge

ratio 10. Final concentration of DNA was 25 ng/µΐ .

EXAMPLE 7

Transfection efficiency measurement using luciferase assay

[00090] CHO-K1 cells were maintained in Ham's F-12K media and MCF-7 and

A549 cells in low glucose DMEM supplemented with 10% (v/v) Fetal bovine serum

(Life Technologies, USA); at 37 °C and 5% C02 in humidified incubator. Cells

were seeded 24 h before transfection in 24-well plates. A plasmid (pMIR-Report™

Luciferase) containing luciferase gene was complexed with the peptide and

transfected to the cell. The nanocomplexes were made at different charge ratios and

transfected in a wide range of cell lines. Nanocomplexes were prepared with final



DNA concentration of 20 ng/µΐ and incubated for 1 h at room temperature. 100 µΐ of

nanocomplex was added to cells at 70% confluency in serum-free media (OptiMEM,

Invitrogen). Cellfectin, Superfect and Lipofectamine2000 used as manufacturer

protocol. In case of transfection in presence of serum, nanocomplexes were added in

complete media. After 5 h of incubation at 37 °C and 5% C02 in humidified

incubator, the media was aspirated; cells were washed with phosphate buffered

saline (PBS, pH 7.4) and supplemented with 500 µΐ of complete growth medium. To

check the effect of chloroquine, cells were treated with 100 µΜ final concentration

of chloroquine with nanocomplex for 5 h. After 24 h, cells were washed with PBS

and lysed with 100 µΐ of cell culture lysis buffer (l CCLR, Promega). Luciferase

expression was measured in 50 µΐ of cell lysate supernatant using the luciferase

assay substrate (Promega). Light emission was measured by integration over 10s in

Orion micro plate luminometer (Berthold Detection System, Germany). Luciferase

activity was normalized with total protein content of the cells estimated using BCA

protein assay (Pierce). Nanocomplex containing all five invented peptides showed

transfection efficiency of 7-9 orders in RLU/mg protein.

Table 3: Cell lines deposition details

EXAMPLE 8

Transfection Efficiency in presence of Chloroquine

[00091] To check the effect of chloroquine, cells were treated with 100 µΜ final

concentration of chloroquine with nanocomplexes for 5 h prepared at charge ratio

ranging from 3 to 50 after which the expression of the reporter gene was measured

as mentioned above. The results for this assay are shown in Figure 6. The presence

of chloroquine did not have any big difference in transfection efficiency indicating

these peptides have inherent property to come out of the endosomal barrier.

EXAMPLE 9



Transfection of Luciferase gene into multiple cell lines

[00092] The transfection efficiency in terms of reporter gene expression has been

checked using luciferase reporter assay. A plasmid (pMIR-Report™ Luciferase)

containing luciferase gene was complexed with the peptide and transfected to the

cell. The nanocomplexes were made at different charge ratios and transfected in a

wide range of cell lines. CHO-K1 cells were maintained in Ham's F-12K media and

MCF-7 and A549 cells in low glucose DMEM supplemented with 10% (v/v) Fetal

bovine serum (Life Technologies, USA); at 37 °C and 5% C02 in humidified

incubator. Cells were seeded 24 h before transfection in 24-well plates.

Nanocomplexes were prepared with final DNA concentration of 20 ng/µΐ and

incubated for 1 h at room temperature. 100 µΐ of nanocomplex was added to cells at

-70% confluency in serum-free media (OptiMEM, Invitrogen). After 5 h of

incubation at 37 °C and 5% C02 in humidified incubator, the media was aspirated;

cells were washed with phosphate buffered saline (PBS, pH 7.4) and supplemented

with 500 µΐ of complete growth medium. After 24 h, cells were washed with PBS

and lysed with 100 µΐ of cell culture lysis buffer ( l CCLR, Promega). Luciferase

expression was measured in 50 µΐ of cell lysate supernatant using the luciferase

assay substrate (Promega). Light emission was measured by integration over 10s in

Orion micro plateluminometer (Berthold Detection System, Germany). Luciferase

activity was normalized with total protein content of the cells estimated using BCA

protein assay (Pierce). Nanocomplex containing all five invented peptides showed

transfection efficiency of 7-9 orders in RLU/mg protein in multiple cell lines.

EXAMPLE 10

Serum Stability Assay

[00093] In order to evaluate the stability of the nanocomplexes against serum,

Serum Stability Assay was performed. The nanocomplexes were prepared by mixing

of peptides with DNA (20ng/ul) charge ratio 10 containing 200 ng of DNA and

incubated at 25°C for 30 min. The respective percentages of serum were added and

the nanocomplexes were incubated at 37°C for 2 h after which the reaction tubes

were kept at 75°C for 5 min to deactivate serum nucleases and proteases. Heparin



(w/w ratio-5:l) was added in the respective tubes and further incubated at 37°C for

15 min after that sample were run on 1% agarose gel. The results are given in Figure

8. Nanocomplex containing invented peptides showed protection of biomolecules in

presence of serum.

EXAMPLE 11

Transfection in presence of serum

[00094] In order to evaluate the transfection in presence of serum MCF-7 cells were

seeded 24 h before transfection. After 24 h transfections have been done at charge

ratio 10, 20 and 30 for Mgpe-3, Mgpe-4 and Mgpe -9. Nanocomplexes were

prepared with final DNA concentration of 20 ng/µΐ and incubated for 1 h at room

temperature. 100 µΐ of nanocomplex was added to cells at -70% confluency in

complete media (having 10% serum). After 5 h of incubation at 37 °C and 5% C02

in humidified incubator, the media was aspirated; cells were supplemented with 500

µΐ of fresh medium. After 24 h the expression of the reporter gene was measured as

mentioned above. The results are given in Figure 9. Nanocomplex containing

invented peptides showed efficient transfection in eukaryotic cells in serum

containing medium.

EXAMPLE 12

Luminescent Cell Viability Assay

[00095] The CellTiter-Glo® Luminescent Cell Viability Assay is a homogeneous

method to determine the number of viable cells in culture based on quantitation of

the ATP present. Briefly, CHO- 1 cells were seeded 1 day before treatment into 96-

well plate. At 70-80% confluency cells were treated with a 20 µΐ of nanocomplexes

at charge ratio 10 in serum-free media for 5 h, the media was aspirated and

supplemented with 100 µΐ complete growth medium. These peptides did not show

any cytotoxicity at charge ratios used in transfection. Thereafter, cell viability was

evaluated according to the manufacturer's protocol. Untreated cells were defined as

100% viable in cell viability assay. These nanocomplexes showed less toxicity in

comparison to the commercially available agent Lipofectamine2000. Cell viability

was evaluated using CellTiter-Glo® Luminescent Cell Viability Assay (Promega).



The results are given in Figure 10. Nanocomplex containing all five invented

peptides showed high transfection efficiency with minimal cytotoxicity.

EXAMPLE 13

Cellular Uptake of RNA

[00096] Siglo was used as a model small RNA This RNA was used to prepare the

nanocomplexes with the peptide at charge ratio 5.0. Chinese hamster ovary cells

(CHO-K1) were maintained in Ham's F-12K media supplemented with 10% (v/v)

Fetal bovine serum (Life Technologies, USA); at 37 °C and 5% C02 in humidified

incubator. Cells were grown in 24 well plates which was seeded 24h before use. At a

confluency of 70-80% the cells were treated with labelled nanocomplexes for 4 h at

37 °C. After incubation, the media was removed and cells were washed twice with

PBS supplemented with heparin ( 1 mg/ml). The cells were then treated with trypsin

(0.25%) for 5-10 min and harvested in complete media, pelleted down, washed with

PBS, resuspended in PBS having 1% BSA and then analyzed on FACS-Calibur™

(Becton Dickinson, USA) using CellQuest Pro software. The labelled

nanocomplexes were excited using 488 nm laser and detected with 530/30 nm (FL1)

band pass filter. In each case total 10,000 events were acquired. Percentage of

fluorescence positive cells was plotted as bars and their mean intensity was plotted

as a line. The uptake of the small RNA, which is noncovalently complexed with the

peptides, was almost 100% in CHO-K1 cells at charge ratio 5 for Mgpe-9 and

Mgpe-10. Both the peptides showed delivery of small RNA very efficiently. The

results are given in Figure 1. Nanocomplex containg invented peptide can carry

biomolecules in the range of 20 bp to 7 kbp size.

ADVANTAGES OF THE INVENTION

1. The peptides in the nanocomplex are easy to synthesise.

2. The attachment of the cargo to the peptides is non-covalent which is a very

simple process and gives enormous possibility of combinations.

3. These peptide systems can non-covalently complex small and large

biomolecules like DNA and RNA.



4. These nanocomplexes are able to carry large cargo like plasmid DNA inside

the cell.

5. It has the ability to transfect a variety of cell line systems which can be from

different origin such as CHO- 1, MCF-7 and A549.

6. These systems show higher or equal transfection efficiency in comparison

with liposomal and PEI based commercial transfection agent like Cellfectine,

Superfect and Lipofectamine 2000.

7. Transfection efficiency of these systems is not increased in presence of

chloroquine indicating these systems have an ability to escape endosomal

barrier which is very advantageous in delivering the biomolecules.

8. These nanocomplexes have an ability to protect the cargo from serum

degradation which is advantageous in terms of in vivo delivery.

9. These system shows transfection even in presence of serum.

10. The nanocomplexes carry negligible cytotoxicity compared to other known

commercial transfection agents.

11. These systems also are able to deliver small RNA into the cell while

complexed noncovalently.
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I/We Claim:

1. A nanocomplex useful for efficient transfection characterised in containing

sequences selected from the group consisting of SEQ ID No. 3, SEQ ID No.

4, SEQ ID No. 5 and SEQ ID No. 6.

2 . A nanocomplex as claimed in claim 1, wherein the sequence is an

amphipathic Mgpe peptide.

3. A nanocomplex as claimed in claim 1, wherein the peptide is operably linked

to a biomolecule.

4. A nanocomplex as claimed in claim 3, wherein the biomolecule is selected

from the group comprising of a DNA, plasmid DNA, RNA, an antisense

nucleotide, an aptamer, a protein, a glycoprotein, a polypeptide, a

carbohydrate or a mixture or adduct of any two or more of these.

5. A nanocomplex as claimed in claim 1 gives maximal transfection efficiency

of 7-9 orders in RLU/mg protein with minimal cytotoxicity.

6. A nanocomplex as claimed in claim 1 has a size in the range of 50-1 lOnm.

7. A method of preparing the nanocomplex as claimed in claim 1 comprising

steps:

(a) providing Mgpe peptide as claimed in claim 1;

(b) providing biomolecule as claimed in claim 4;

(c) diluting the peptidelO-100 µΐ obtained in step (a). and DNA 20-50 ng/µΐ

obtained in step (b) in water such that peptide-DNA charge ratio is 0.5-

50;

(d) adding DNA solution obtained in step (b) drop-wise to an equal volume

of the peptide dilution while vortexing;

(e) incubating solution obtained in step (d) for 30 min to 1 h at room

temperature to obtain the nanocomplex.

8. A nanocomplex as claimed in claim 1 wherein it carries biomolecules in the

range of 20 bp to 7 kbp size.



9. A kit useful for delivering biomolecules into a cell, said kit comprising of

Mgpe peptide as claimed in claim 1 and an instruction manual.

10. Use of nanocomplex as claimed in claim 1, for efficient delivery of

biomolecules into the cells with minimal toxicity.

11. Use of nanocomplex as claimed in claim 1, as a peptide based carrier system.

12. Use of nanocomplex as claimed in claim 1, for protection of biomolecules in

presence of serum and efficient transfection in eukaryotic cells in serum

containing medium.

13. Use of the nanocomplex as claimed in claims, for efficiently transfection of

biomolecules into eukaryotic cell.

14. A composition, comprising: (a) nanocomplexes that comprise (i) an

amphipathic peptide that comprises less than 30 amino acids and (ii) a lipid

and (b) at least one cell specific targeting ligand or immunogenic species or

a drug associated with said nanocomplexes.

15. The composition as claimed in claim 15, wherein the amphipathic peptide

comprises an amino acid sequence selected from the group consisting of

SEQ ID No. 3, SEQ ID No. 4, SEQ ID No. 5 and SEQ ID No. 6.

16. The composition as claimed in claim 15, wherein the lipid is a phospholipid

and cholesterol.

17. A method of forming the composition as claimed in claim 14, comprising

synthesizing or modifying an immunogenic species or cell specific targeting

ligand or a drug in the presence of nanocomplexes that comprise (i) an

amphipathic peptide that comprises less than 30 amino acids and (ii) a lipid,

wherein said synthesized or modified cell specific targeting ligand or

immunogenic species or a drug becomes associated with said nanocomplexes

as a result of said synthesis or modification step.
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