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i RESEARCH OBJECTIVE: The objective ofayr investigation is to develop a theory of the mechanism of elec- :a’
troporation, with-iRe_more-specific-objcct roviding a quantitative description of key fcatures of this :u‘
dramatic phenomenon. Electroporation: W) is now believed to be_a universal cell membrane phenomenon, L
involving both the lipid bilayer and membrane macromolecules 34} provides a general method for introducing )
molecules into cells, or releasing molecules from cells, with potentially major applications in science and tech-
nology, and yet§gii} is presently poorly understood, For example, no previous theory (other than our early
work) actually describes elecu'ical%bg_hgio,r‘dudn{elecu'oporaﬁon, membrane recovery, or the amount of molec- zt
ular transport. With this in mind, Gur specific goals  are;, :::
(l)ﬂx'Extensxon of our first, successful theory of reversible electrical breakdown to one with more solid founda- nl
; tions, i.e. elimination of the approximaf® ¥switch N criteria of pores, Such an extension should be o
based on a "continuous conduction” description which includes both Bzm energy effects as well as the P
obvious geometric size constraints of a pore. e b
| 2 \%evelopment of a theory which describes quanutanvely the transmembrane potential, U(t), during irrever- i
: sible rupture, such that a unified theory of both REB and rupture is provided by one model, Such a theory .:'
' should yield predictions of U(t) which can be compared directly with experiments, a’bzyequiremem of )
4 . Which has not yet been achieved by other theories of electroporation. —— "

(3) Extension of our first, successful theory of the reversible electrical breakdown of electroporation to include
metastable pores associated with a pore-membrane macromolecule interaction., Membrane channel pro- l:
teins are prime candidates for such interactions, and may provide nucleation s?’ es for the long lifetime

i pores which are believed to occur. Such metastable pores should havc si ant lifetimes (seconds to !
g . minutes) which are temperature dependent. - v
)

é) J"ﬁcvelopment of a more complex theory which aiso predicts the amount of transmembrane transport of LY

molecules, Here the involvement of membrane proteins, particularly channel forming proteins, is believed L.
) 1o be lmpo)mm. Such a theory should include hindered diffusion as a primary mechanism, particularly for
! long umes/mvo]ving persistent metastable pores, but should also include mechanisms such as electro- ;
: phoresis ahd electroosmosis which can operate during the time the transmembrane potential is non-zero.
The gen goal is to predict the number of molecules which move across a cell membrane. N

Throughoutéve will seek quantitative comparisons between the predictions of theory and the results of experi-

ment. S ‘ ‘ gt
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We have made significant progress towards several of these objecuveg, with two scxemg%‘manuscnpts in ;

preparation, and additional progress towards another major objective. More specifically, 9

(A) We have extended our initial theory of electroporation to provide an improved theory of reversible electri- ‘
cal breakdown (publication 6.). This version of a transient pore theory eliminates the use of sharp conduc-

()
tion criteria for pores, and instead uses a more realistic continuous conduction in which an estimate of the ::
Bom energy is used with a Boltzmann factor to describe the reduced conductivity of a pore in a low e
(compared to water) dielectric constant membrane. This version also eliminates the use of an assumption v.:
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’,'
concerning the number of pores present in a membrane at equilibrium, and instead utilizes creation and 08
destruction rates for pores. This version further assumes a realistic minimum pore size, based on molecu- t
lar sizes. ¢

(B) We have obtained a unificd theory which provides a quantitative description of U(t) during REB and also )
of U(t) during rupture (publication 7.), with both descriptions in good agreement with experiments of oth- i
ers. This unified theory utilizes the description of reversible electrical breakdown described in (A), and ‘
also a description of the contribution of one "run away” pore (leading to rupture) to the membrane resis-
tance, and thercby to dominating the ransmembrane potential, U(t). This is such first unified and quanti-

tative description of both of these dramatic electroporation phenomena. A
t
(C) We have also made progress towards combining these improved theories of the very early electrical events ;o',
(reversible electrical breakdown and electrical rupture) with a model for pore-membrane protein interac- c:;
tions. We expect that this on-going work will lead 10 a reasonable description of cell membrane electro- :q
poration, wherein first dramatic electrical events occur, followed by two phases of membrane recovery 4
(fast, complcte rcscaling of most pores, and slow, metastable pore-protein complexes which recover :
through a thermally activated process). We further expect that mass transport through both the fast recov- N
ering pores and slowly recovering pores will be significant, with a combination of hindered diffusion and .','
electrokinetic transport being significant for the fast recoverying pores, and primarily hindered diffusion :,u‘
being important through the slowly recovering pore-protein complexes. :t'i
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