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Abstract: This study for the first time demonstrates phenomenon of recognition of DNA tertiary structure by
the synthetic polycationic molecules. Effects of DNA topology were evaluated using supercoiled and linearized
forms of plasmid DNA $dDNA and IDNA). Recognition is achieved by using relatively simple chemical
structures interacting with the DNA. Two polycations modified with water-soluble poly(ethylene glycol) (PEG)
chains, PEG block—poly(N-methyl-4-vinylpyridinium sulfate) (PEGb—PVP) and PEG graft—polyethyl-
eneimine (PEGg—PEIl) were used. When added to the mixtureXMA andsdNA, PEO-b—PVP selectively

bound tosdDNA, while IDNA remained free. In contrast, PE@—PEI interacted with both forms of the

DNA present in the mixture. Distinct behavior of two copolymers was attributed to the differences in their
structure, particularly, charge density of the polycation blocks. Relatively small variation in the polycation
ionization state can result in drastic changes in its behavior upon interaction with DNA. Particularly, the change
of pH from 7.0 to 5.0, increasing the charge density of PEI block in PEOPEI, was also accompanied by

the appearance of recognition phenomena. These findings uncover possibilities for the control of the processes
of DNA incorporation in the complexes with cationic species by altering the DNA topology, which may have
practical significance in using these complexes for gene delivery.

Non-viral gene delivery systems based on DNA complexes plexes with charged species present in the biological milieu is
with polycations have recently attracted significant attention. essential for the use of these systems in gene delivery. In
These complexes form spontaneously as a result of cooperativeparticular, reactions of polyion interchange may account for the
electrostatic interactions between phosphate groups of the DNArelease of the DNA in an active form inside céll&enerally,
and oppositely charged groups of the polycation. Characteriza-these reactions involve transfer of the polyion chain, incorpo-
tion of the reactions of polyion coupling between DNA and rated in the polymer complex, to another polyion present in the
polycation and interactions of formed polycation/DNA com- solution® These processes are thermodynamically and kinetically
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synthetic polyions have been studied intensiveR/the pro- 1.2 r
cesses involving transfer of polycations between different
polynucleotide molecules have not been studied. This work 18 A
examines polyion coupling and interchange reactions in DNA 910‘ é 4
and polycation mixtures. To increase stability of DNA/polyca- 08 | 00000 A
tion complexes in aqueous dispersions, polycations were modi- % o A
fied with water-soluble poly(ethylene glycol) (PEG) chains. = 06 | °oo.
Using both linearized and supercoiled forms of plasmid DNA, - o N
this study for the first time demonstrates that the direction of 04 | .
interchange reactions depends on the tertiary structure of the ° . I
nucleic acids. 0.2 F % LN
Co0 * A aa
Experimental Section 0 ) L Lo ¢ ¢ ) )
PEG-g—PEI (PEI= branched polyethyleneimineM(, = 16 600 0 0.5 1 1.5 2 25 3
g/mol; PEG/PEI ratio 1.7) was synthesized by conjugation of PEG, N/P

Mn = 8000, with randomly branched PHll,, ~ 20008 PEG—b—poly-

(4-vinylpyridine) was synthesized by a sequential anionic polymeri- Figure 1. Binding of cationic copolymers with plasmid DNA.
zation process using modified methb@his sample was quaternized ~ Supercoiled form of pCMV-luc (xg/mL) was mixed with EB (2 EB

with dimethylsulfate to obtain PEG—PVP (PVP= poly(N-methyl- molecules per 5 bp) and then titrated with)(PEG-b—PVP, (»,#)
4-vinylpyridinium sulfate)) as described previoudThe block lengths PEG-g—PEI. All titration experiments were conducted at pH 7.0 (10

in this copolymer were 200 for PEG and 55 for PVP as determined by MM sodium phosphate buffer) except f)(PEG-g—PEI, which was

gel permeation chromatography. The degree of alkylation of the PVP conducted at pH 5.0 (10mM sodium acetate buffer). Dilution of samples
block was 96%. Plasmids, pCMV-luc (7.2 kb), and pCR3.0. (6.5 kb) was less than 2%. Sample fluorescence was determined after subtracting
were linearized wittHindlll, and linearized DNA [DNA) was purified the baseline fluorescence of EB in the absence of the DNA. Data are
from the reaction mixture using a Qiagen QIAquick gel extraction kit Presented as the ratio of fluorescence of the samples with and without
according to supplier's protocol. [Poly(dA-dE)vas purchased from  copolymer {/l).

Pharmacia-LKB. Salmon testes DNAtDNA) was purchased from .
Sigma. The quantity and quality of the DNA were assessed by guenched fluorescence to the same extent only at N/P ratios of
spectrophotometric analysis at 260 and 280 nm. Free DNA and cationic ~1.6 at pH 5.0 and 2.2 at pH.7.0. This difference appears to
copolymer/DNA complexes were analyzed by electrophoresis in an correlate with the variation in the charge density in the PEI
0.8% agarose gel with 40 mM Tris-acetate buffer, pH 7.4, containing chain, since only~65 and 45% of total amino groups of this

1 mM EDTA, at 60 V for 90 min. Complexes were loaded in the gel copolymer are charged at pH 5.0 and 7.0, respectiely.
in the same solutions as they were prepared (pH 5.0 or 7.0). The amountTherefore, to account for the variation in the content of charged
of DNA used was 0.5g per well. DNA was visualized by UV — groups in cationic copolymers, the compositions of the com-
illumination following sta_lnlng of the gels with ethidium bromide (EB) plexes are expressed in terms of the charge rafithat is, the
(0.5ug/mL) for 30—60 min at room temperature. EB fluorescence was ratio of the ionized groups of polycation to phosphate groups

recorded using a Shimadzu P5000 spectrofluorimeter at excitation and f DNA. In t f the ch tio. th imal hi
emission wavelengths of 520 and 582 nm, respectively. DNA melting 0 - In terms of the charge ratio, the maximal quenching

curves were obtained using a Varian Cary 3000 spectrophotometer atOf fluorescence with all polycations was observed at equivalency

260 nm. of the polycation and DNA chargeZ & 1).
Characterization of Complex Formation by Gel Electro-
Results phoresis. Complexes between DNA and polycations were
L . L . prepared by simple mixing of the solutions of both components
Characterization of Binding of Cationic Copolymers with at various charge ratios. Upon mixing, these systems remained

DNA by EB Displacement AssayIntercalation of EB into the  rangparent, and no precipitation was observed over the entire
DNA is accompanied with an increase in the fluorescence of range of charge ratios examined. Formation of complexes of
this probe:! As is seen in Figure 1, addition of cationic  cationic copolymers and plasmid DNA (supercoiled DNA
copolymers to DNA-EB cc_)mplex results in quenching of the (sDNA)) was analyzed by gel electrophoresis. Figure 2a
fluorescence due to the displacement of EB by the copolymer. yresents the gel electrophoresis pattern observed with-PEG
The degree of quenching depends on the ratio of the amountsg_pE| andscDNA mixtures at pH 7.0. Migration of thedDNA

of the nitrogen-containing groups of cationic copolymers to the i, the gel was retarded as the amount of the copolymers was
phosphate groups of DNA (N/P ratio). All copglymers eventu- jncreased. This demonstrated that the copolymer was binding
ally quenched most of the EB fluorescence{85%). However, 5 the DNA, neutralizing its charge. At stoichiometric composi-
there were differences in the N/P ratios at which these degreesijons ¢ = 1) complete neutralization GitDNA by PEG-g—

of quenching were observed with various copolymers. For pg|was observed. Similarly, complete incorporatios@NA
example, in the case of PE®—PVP, in which practically all  intg the complex was observedzt= 1 for PEG-b—PVP (data
nitrogen-containing groups are charged, maximal quenching was, gt shown in the figure). However, at lower charge ratios, the

observed at N/P ratio close to 1. In contrast, PESPEI mechanism of binding of this copolymer $dDNA was totally
(5) Harada, A.; Kataoka, KSciencel999 283 65-67. different from that of PEGg—PEI. As is shown in Figure 2b,
(6) Izumrudov, V. A.; Kargov, S. |.; Zhiryakova, M. V.; Zezin, A. B.;  upon addition of PEGb—PVP to thesdDNA at Z = 0.3, a

Kabanov, V. A.Biopolymers1995 35, 523-531. portion of the sONA incorporated in the complex, while

(7) Katayose, S.; Kataoka, KBioconjugate Cheml997, 8, 702-707.

(8) Vinogradov, S. V.: Bronich, T. K.. Kabanov, A. \Bioconjugate another portion of thsdNA remaipeq fre_e (compare lines 1
Chem.1998 9, 805-812. and 2). In other words, uneven distribution of the copolymer
(9) Wang, J.; Varshney, S. K.; Jerome, R.; Teyssie].FRolym. Sci., chains among thed®NA chains was observed (“dispropor-
Pa?lgsi KFi)rglr)]/mY C'I‘Ee_mégﬁﬁ ?;?;3%5;_%\26;-_ Lukovkin. G. M.: Kabanoy _fionation”). Lane 3 of the same figure presents for comparison

V. A Eur. Polym. JA974 10, 393300, = ' the mixture of PEG-g—PE| andsdDNA atZ = 0.3 at pH 7.0.

(11) LePecg, J.-B.; Paoletti, . Mol. Biol. 1967, 27, 87—106. In this case alsdDNA observed in the gel was incorporated in
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Figure 2. Characterization of formation of the complexes by gel Figure 4. Study of polyion interchange reactions using UV-melting
electrophoress. (A) Ag_arose gel electrophoress of ﬁuﬁNA_(Iane curves. The melting curves were recorded 1)rfiee [poly(dA-dT)p,

1) and its complexes with PEQ—PEI at different charge ratios: 0.2 (1) sDNA, (Il andV) PEG-g—PEl/[poly(dA-dT)}, complex at charge
(lane 2), 0.4 (lane 3), 0.6 (lane 4), and 0.8 (lane 5), and 1.0 (lane 6). rati 1, and mixtures of PEGg—PEI/[poly(dA-dT)L complex (charge

(B) Agarose gel electrophoresis of freseeDNA (lane 1) and its ratio 1) with (V) 1 equiv of SDNA, or (VI) 1 equiv of heparin.
complexes with PEGb—PEVP (lane 2); PEGg—PEI prepared at pH

7.0 (lane 3) and pH 5.0 (lane 4). Charge ratio was 0.3 for all complexes.

DNA chains. The equilibrium of this reaction did not depend
1 2 3 45686 7 8 on the sequence of mixing of the reacting species. Indeed;PEG
g—PEl/plasmid complex was formed following addition of one
base pair equivalent of plasmid DNA to PEG—PEI/[poly-
(dA-dT)]. complex (lanes 6 and 7).
Study of Polyion Interchange Reactions by DNA Melting.
Binding of polycations to DNA increases the temperature of
[poly(dA-dT)L, melting of DNA double strand&!2 Therefore, the melting curves
-« can be used to study the reactions of polyion coupling and
interchange involving DNA. Figure 4 presents the melting
curves of several DNA samples and their complexes. Curves |

. o . . and Il correspond to melting of free [poly(dA-d3TAndstDNA,
Figure 3. Study of polyion interchange reactions using agarose gel tively. C m ds to th i f
electrophoresis. Solutions of DNA and cationic copolymers (10 mM respectively. Lurve il corresponds to . € meiting 0. PEG
sodium phosphate buffer, pH 7.0) were mixed at charge ratios as " E/[POly(dA-dT)k complex atZ - 1. It is characterized by a
indicated below and incubatel h prior to further experiment. To study ~ helix-coil transition atTy, = 56.1 °C, which is almost 12C
interchange reactions, these complexes were then mixed with corre-higher than the melting of the free [poly(dA-dZ)[Tm = 44.3
sponding DNA samples and incubated for one additional hour. Gel °C). Curve IV corresponds to a mixture stbNA and PEG-
presents freedNA (lane 1) and free [poly(dA-dT)](lane 8) as well g—PEl/[poly(dA-dT)L complex prepared at one base pair
as PEG-g—PEVsdDNA complexes formed at charge ratio 1 (lane 2) equivalent ofStDNA per base pair of [poly(dA-dT)] In this
and 0.5 (lane 4), PESg—PELV[poly(dA-dT)]. complexes formed at  case, two phase transitions are observe®,at 49.5°C and
charge ratio 0.5 (lane 5) and 1 (lane 7), mixture of PG PEISINA Tm = 75.1°C, which correspond to melting of the double helixes
complex presented in lane 2 with 1 equiv of [poly(dA-dT{lane 3), incorporated in PEGg—PEI/[poly(dA-dT)p complex atZ =
and_mixture c_)f PEG g—PELl[poly(dA-dT)],, complex presented in lane 0.5 and PEG g—PEISIDNA complex atZ = 0.5, respectively
7 with 1 equiv of SIONA (lane 6). This suggests that the exchange of the PIEGPEI chains
occurred following addition o$tDNA to stoichiometric PEG
g—PEl/[poly(dA-dT)}, resulting in even distribution of copoly-
mer between the DNA molecules. The polyion interchange
reactions can also proceed irreversibly in one direction. For
example, following addition of one charge equivalent of heparin
to the stoichiometic PEGSg—PEI/[poly(dA-dT)L complex T'm
= 56.1 °C, curve V) the DNA is completely substituted by

phoresis.To examine polyion interchange reactions, a synthetic h_lt_apa_riz 4r§solélting n g‘le release of the free [poly(dA-dT)]
linear DNA polymer, [poly(dA-dT)} was added to the complex (Tm = 44. , curve V). o )
of PEG-g—PEI and piasmid DNA prepared & = 1. Effect of DNA Topology on the Direction Of Polyion

Concentration of [poly(dA-dT}added (base pairs) was equal Interqhan_ge Reaction.T_he _effects of the DN_A topology on
to that of plasmid DNA. As is seen in Figure 3, this resulted in the direction of the polyion interchange reactions were studied

the shift of the position of the band of PE@—PEl/plasmid using linearized {ind supercoiled forms of the plasmid DNA
complex (compare lanes 2 and 3). The mobility of the resulting (PCMV-luc). Polyion exchange reactions were observed when
complex was the same as that of the PESSPEl/plasmid IDNA was added to PEGg—PEISdDNA complex or vice versa
complex aZ = 0.5 (lane 4). This suggests that polyion exchange SPNA was added to the PESJ—PEIIDNA at pH 7.0 (data
reaction proceeded in the system resulting in the transfer of the™ (12 Maruyma, A.; Watanabe, H.; Ferdous, A.; Katoh, M.; Ishihara, T.;
copolymer chains from plasmid DNA to the added synthetic Akaike, T.Bioconjugate Chenil99§ 9, 292—299.

the complex. Interestingly enough, disproportionation was
observed with this copolymer when the complexes were
prepared at pH 5.0 (lane 4). The behavior IBNA upon
interaction with the studied cationic copolymers was similar to
that shown in Figure 2b for thedNA sample. Furthermore,
similar results were obtained using another plasmid (pCR3.0.).
Study of Polyion Interchange Reactions by Gel Electro-
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A 1 2 3 4 5 6 types in aqueous media. The use of cationic copolymers
containing polycation and PEG blocks facilitates this study by
increasing the solubility of the interacting species. Indeed,
coupling of DNA with these cationic copolymers results in
formation of stable aqueous dispersions, even under the condi-
tions of complete neutralization of the charges of the reacting
polyions!314In such systems, the neutralized DNA and poly-
4 cation chains form a hydrophobic core of the micelle-like
species, while PEG chains form a hydrophilic corona. On the
basis of the results of this work it is noteworthy that the reactions
of the polyion exchange proceed with the participation of these
complexes. This means that PEG chains do not prevent the
interaction and the transfer of the reacting polyions.

This work uncovers two major phenomena, which can be
illustrated using PE&Gg—PEI and PEGb—PVP as examples.
First, there is a marked difference in the behavior of these
cationic copolymers in the polyion coupling reactions with the
DNA at pH 7.0. Namely, PEGb—PVP and DNA complexes
disproportionate, while PEGg—PEI evenly distributes among
Figure 5. (A) Effect of DNA topology on the direction of polyion  pNA chains upon formation of the complexes. Second, those
interchange reactions. Complexes of correspondlng topological forms copolymers also reveal distinct behavior in the polyion inter-
of pCMV-luc and PEG-b=PVP (10 mM sodium phosphate buffer, change reactions involving DNA with different tertiary struc-

pH 7.0) were prepared at charge ratio 0.4, incubated 4C2fr 1 h, . - - .
then mixed with 1 equiv of the free DNA and incubated foh prior tures. The data show that the direction of the reactions is

to electrophoresis experiment. Gels present fit#¢A (lane 1), PEG- independent of the DNA structure as long as the topology of
b—PVPIDNA (lane 2), mixture of PEGb—PVPIDNA with 1 equiv the participating DNA chains is not changed. However, PEG

of sdONA (lane 3),sdDNA (lane 4), PEG-b—PVP,MDNA (lane 5) b—PVP recognizes the tertiary structure of the DNA and
and mixture of PEGb—PVPAMDNA with 1 equiv ofIDNA (lane 6). selectively binds with the supercoiled plasmid when both
(B) Recognition of DNA topology by cationic copolymers. Equimolar  supercoiled and linearized plasmids are present. In contrast,
mixture ofSONA andIDNA (lane 1) was reacted with PEG—PVP PEG-g—PEI does not exhibit such noticeable selectivity and
(lane 2), PEG-g—PEI (lanes 3, lane 4), at charge ratio 0.3. Complexes s practically equally distributed between two forms of the DNA
were prepared at pH 7.0 (10 mM sodium phosphate buffer) except for yregent in the mixture at pH 7.0. Both the disproportionation
PEG-b—PEI (lane 4) prepared at pH 5.0 (10 mM sodium acetate 54 yocognition phenomena are observed when there is an excess

buffer). . -
. S . ., of DNA in terms of charge ratio.
not presented). In this system the direction of the reaction did Distinct behavior of the copolymers is likely to be due to the

not depend on the order of mixing of DNA samples, and PEG differences in their molecular structure. Indeed, while both

g—PEIl chains were evenly distributed between DNA chains, copolymers have practically the same number of the repeating

similar todths Cas$_ of l'lfhz_;ifnear sbynr;[he_tic and ptl)asmiddDNﬁ units in the polycation blocks (46 and 55 units PEI and PVP
presented above. Totally different behavior was observed in the o0 tively), PEI is branched and has a relatively hydrophilic

case of PEGb—PVP/DNA complexes (Figure 5). Upon backbone, while PVP is linear and have a hydrophobic

addition of sNA to the PEG-b—PVPIDNA complex the b w
. ackbone. Furthermore, the charge density in the case of PEI
release of thdDNA was observed, suggesting thedDNA depends on the pH of the media, while PVP, as a strong

displacedDNA in the complex (compare lanes 1, 2, and 3). In . :
polyelectrolyte, is completely charged at any pH. Comparing

contrazté ng rel%aégg’jg‘sgzgm':was otl)served th'ﬁ):\lA the behavior of PEGg—PEI at different pH values reinforces

was added to complex (compare lanes the effect of the charge density. Indeed, the change of pH from

.4' 5'| 'C?”d 63'3-',\—&5 Slé?gi;t\ed tha;c the polyior;ﬁtxcahange lreai:tion7_o to 5.0, increasing the charge density of PEI due to additional
Invoving S an complexes was shiited completely i, ni7ation of secondary amino groups of the polycafiémalso

toward formation of the PEGb—PVPSDNA complex: {PEG- . : : :
_ accompanied by the appearance of both disproportionation and
b—PVPIDNA} + sdNA — {PEG-b—PVPADNA} + IDNA. recognition phenomena.

Furtgermo:je, shelectt;]ve b|nd||ng of PE@_S(;/F;V;MT;@NA_ | We believe that the recognition phenomenon is dependent
was o se][vlg w_end e;gg’ﬁlxmir v_vasr? ed OF' equgno Alon electrostatic complementarity of the interacting chains.
mixture of linearized an - AAS IS Shown In Figure 50, Release of the low molecular mass counterions condensed with

gpon_additiqn of PEGb_P.VP to this. mixtpre,_thg_copolymer the reacting polyions provides a favorable entropy contribution
first binds with the supercoiled plasmid while significant amount which is a driving force for the formation of the polyelectrolyte

of IDNA still remains free (compare lanes 1 and 2). In contrast, complexess The dependence of the direction and equilibrium

PEG-g—PEI at pH 7.0 binds to both linearized ascdDNA, of the polyion coupling and interchange reactions on the charge

resulting in disappearance of the free DNA bands (lane 3). It is densi ; : .
ensity of the reacting species at a constant charge ratio may
noteworthy that the same copolymer, PEG-PEI, at pH 5.0 be due to three major reasons. These reasons include (1) the

(lane 4) has elevated binding wistDNA compared to binding ffect of ch itv of cationi | h | f
with theIDNA. Similar effects of recognition of DNA topology effect of charge density of cationic copolymer on the release o

by various polycations were observed using supercoiled and  (13) Seymour, L. W.; Kataoka, K.; Kabanov, A. \&elf-Assembling

DNA _,

scDNA __

; ; ; Complexes for Gene Deéry. From Laboratory to Clinical TriglKabanov

linearized forms of another plasmid (PCR3.0.). A. V., Felgner P., Seymour L. W., Eds.; John Wiley: Chichester, 1998; pp
. . 219-239.

Discussion (14) Nguyen, H.-K.; Lemieux, P.; Vinogradov, S. V.; Gebhart, C. L,;

. . . Guerin, N.; Paradis, G.; Bronich, T. K.; Alakhov, V. Y.; Kabanov, A. V.
This work for the first time demonstrates the transfer of Gene Ther200q 7, 126-138.

polycation chains between polynucleotide molecules of different  (15) Manning, G. SQ. Rev. Biophys.197§ 179, 181—246.
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counterions condensed with this copolymer, (2) the effect of effects of the PEG chains. However, several PVP chains bound
charge density of DNA on the release of counterions condensedwith the DNA can possibly interact with each other, forming
with DNA, and (3) the effect of charge density of cationic hydrophobic clusters, which can explain the disproportionation
copolymer on the release of counterions condensed with DNA. behavior observed with this copolymer. Disproportionation in

When DNA is present in excess, all counterions condensed PEG-g—PEI and DNA mixtures is dependent on the pH of
with the polycation chain are released in the media indepen- the media, which appears to be due to the change in the degree
dently of the charge density of this chain, assuming that each of protonation of PEI. At pH 7.0, the number of salt bonds
ionized group of the cationic copolymer participates in the formed at the site of attachment of PEI chain to DNA is lower
formation of salt bonds with DNA. However, since the amount than that at pH 5.0. As a result, these sites should be more
of the condensed counterions increases when the charge densititydrated and less hydrophobic, which probably explains the
of the polyion elevates, polycations with higher charge density absence of disproportionation with this copolymer at pH 7.0.
can release more counterions upon binding with DNA (i.e., form The tendency for disproportionation during binding of the
more stable complexes) than polycations with lower charge cationic copolymer with the DNA should also contribute to
density at the same number of salt bonds formed. On the otherrecognition of the DNA tertiary structure by this copolymer. In
hand, it is known than supercoiletDNA has higher charge  this case, the preferential binding of one copolymer chain with
density thanIDNA.1®> Consequently, more counterions are sMNA should increase the probability of binding of the next
condensed witsdDNA and can be released upon binding with  copolymer chain with the same DNA molecule and thus could
the polycations. This should result in a more favorable interac- amplify the recognition effect.
tion of polycations withsdDNA than with IDNA, that is, .
topology recognition. Finally, the release of the counterions Conclusions
condensed with DNA can depend on the charge density of the The phenomenon of recognition of DNA tertiary structure
copolymer. Indeed, it is possible that displacement of counte- by the synthetic polycation is unprecedented for polyelectrolyte
rions condensed with DNA from the site of binding of a cationic complexes. It is remarkable that the recognition is achieved by
copolymer with low charge density is incomplete. In other using relatively simple chemical structures interacting with the
words, the system of salt bonds formed between DNA and DNA. Furthermore, a relatively small variation in the polycation
polycation block have “mismatches” containing unpaired phos- ionization state can result in drastic changes in recognition and
phates with some remaining condensed counterions. Converselydisproportionation behavior. The topological complementarity
polycation with high charge density, at the same number of salt of the reacting DNA species appears to have a major influence
bonds formed, should displace a greater portion of DNA on the direction of the process. While separated from each other,
counterions due to lower number of mismatches. As a result, bothIDNA andsdNA can form complexes with the polycation;
the recognition phenomenon should be more pronounced in thein contrast, in mixtures of the two DNA forms, selection of the
case of polycations with high charge density, since a greatermore topologically acceptable (thermodynamically favorable)
portion of the counterions condensed with the DNA are releasedpartner takes place. As a result, the cationic copolymer binds
in this case. In contrast, in the case of the polycations with low with the SONA while its linearized form remains free. This
charge density (i.e., PEG—PEI at pH 7.0) the portion of the  finding uncovers possibilities for the control of the processes
counterions released from the site of polycation binding with of release of DNA incorporated in the complexes with cationic
the DNA might be too low to provide for substantial distinction species by altering the DNA topology. Therefore, it is of
between the two forms of plasmid. potential theoretical and practical significance.

Hydrophobic interactions constitute another major contribu-
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