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Surface Potential Created upon Binding of +8 Charge TAT
Peptides to 1-Palmitoyl-2-Oleoyl-sn-Glycero-3-Phosphocholine
Liposomes and Its Relation to E,,,

Starting with the Poisson-Boltmann equation (1),

2
g = _@, [S1]
dz? €
we consider a system where C is the concentration of bound
TAT, C is the total concentration of TAT, and Cy — C is the
concentration of TAT in the bulk solution. The counter ions in
the solution are OH™, at a concentration Coy- = 8Cy The
Boltzmann distribution expresses the population of ions at a
charged surface,

C+ (Z) — (CO C)e (8e®d(2) /kT)
C_ (Z) =COH’e /kT. [SZ]

C,(z) and C_(z) are the concentrations of the cations and of the
anions at position z. The charge density p at position z is thus
given by

(8e®(2)/kT) _

p(z) =8e(Cy—C)e 8eCoe®@/KT [83]

Substituting Eq. S3 into [S1] yields

2
@ _ 8e(Cy-C) o~ (Be@/KT) 8eCy COIKT [S4]
dz? € £

Multiplying by 2(d®/dz) yields

do d*® _ |:_8€(C() -0) o~ (Be@/KT) 8eCy ee¢/kT:| d('D
&

g dzz - e dZ

2 [S5]
i dg = _we—(gefb/kﬂ +%ee¢./k7~ ng
dz \ dz £ o e

Integrating from 0 to oo, the left side of Eq. S5 from 0 to
results in

Jaeye-(Ce) () ()

[S6]
The right side in Eq. S5 becomes
/ 8e CO =C) ~seopir) 4% 8eCo copr|,d® ;.
dz € dz
0
__16e(Co=C) (—kT) (1 — (8 (0)/KT) ) [S7]
€ 8e
. 16eCo ("_T) (1 _ e—(m(ﬂ)/kT))
€ e
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We then obtain

T [ do o
—/pdz= / 87dZ=—8 (E)Z=O. [SS]
0 0

Combining Eqgs. S6-S8, we get

o> _16¢(Co—C) kT (et 1) -

o 16eCy ILT (
e 8e

1— e—(ed)/kT)) '
e e

g2

[S9]

For @ > 5 mV, e~(®®/k7) js at least a factor of 5 smaller than 1
and is neglected. This yields Eq. S10,

2 _
& _ 16e(Co—C) KT _16eCy kT( Cenn) s
g2 g 8e e e
which yields
kT o? Cy-C
(D— In 1]). 11
(168C0kT+ 8Co | ) [S11]
When C << Cy, we obtain
D= le o9 [S12]
- 168C0kT 8

We assume a modified Langmuir binding for TAT onto POPC
liposomes. The surface charge density o is given by (2-4)

8eN
= 1

4zR?’ [S13]
where N is the number of TATs bound per unit volume.

The reaction of TAT with empty sites (ES) yields filled
sites (FS),

TAT + ES AFS
Co—C Crnax—=C k_y

Crax 18 the maximum bound concentration and C is the concen-
tration of bound TAT at equilibrium, where C =d X N, Cyux =
d X Npax, and d is the liposome number per unit volume.

The reaction kinetics are described by

dc_, C=C

a ~"1555 (Coax =€) =kt

[S14]

At equilibrium,

dcC
d

which leads to

(Conas +Co+55.5K4) =/ (Canas +Co + 55.5K0)? = 4Cunn Co
- 2
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(Nomas-+ Co/d+55.5Ka /d) =/ (Nowax + Co/d +55.5K4/d)” = 4N Co
- . :

[S15]

By substituting Eq. S13 into Eq. S12, we obtain the following
expression for the surface potential,

T e 16eCokT ' 8

_kT ((8eN /4zR?)’ +9) .

[S16]

e 16eCokT " 8
The total second harmonic electric field, E,,, originating from
a charged interface in contact with water can be expressed as

Exyoc Y 2 Eokut Y tianEoEo+1ioEaEa®,  [S17]
i J

where ;(ﬁl represents the coherent contribution of the second-
order susceptibility of the species i at the interface, ;(l(ﬁi j rep-
resents the incoherent contribution of the second-order suscep-
tibility of the species j present in solution, referred to as the
hyper-Rayleigh scattering, ;(Szo is the third-order susceptibility
of water molecules, and ® is the surface potential. The second-
order susceptibility, )(Ezl), can be written as the product of the
number of molecules, N, at the surface and o® is the hyper-
polarizability of surface species i, yielding ;(< ) = N{q, (2 )> (5). The
bracket, (), indicates an orientational average over ‘the interfa-
cial molecules.

By substituting Eq. S16 into Eq. S17, we obtain the following

expression for E,,, where A and B are defined in the text,

2 2
Eyy,xA+Bln <M+2>

16eCokT 8 [S18]

Surface Potential of TAT Binding to the 1-Palmitoyl-2-Oleoyl-sn-
Glycero-3-Phospho-1'-rac-Glycerol Liposomes and Its Relation to
E,,- The concentration of Na* is determined by the number of
1-palmitoyl-2-oleoyl-sn-glycero-3-phospho-1'-rac-glycerol (POPG)
lipids; i.e., one Na™ is released by each POPG lipid that com-
poses the POPG liposome. The spatial distribution of ions
is given by

1 (2) = (Co = C)eBRRURT) 4 O o=@

C
C_ (Z) — CO]_reed)(z)/kT. [S19]

Thus,

p(z) =8e(Co—C) " (RRVKT) | O o~(e@RKT) _goCyoe®@/KT

[S20]

Substituting Eq. S20 into Eq. S1 yields

dz_‘D _ _83 (Co=C) o—(8e®/KT) _ eCngat e~ (€@E)/KT) | 8eCo oCO/KT
dz? £ € £ ’
[S21]
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Multiplying by 2(d®/dz) yields

® d* - -
do d°® { 8e(Co—C) —(Setp/kT)_ecNa o~ (€E)/KT)

dz dz a2 e e
+86C0 e ®/kT de
e dz

[S22]

2
d (do\"_[ 8e(Ch-C) ~(8ed/kT) _ €CNa" —(eo(z) kT
dz \ dz e €

, 8¢Co eq,/kT} do

€ dz

Integrating from 0 to oo, the left side of Eq. S22 becomes

i eeyem(()) (), (),

The surface charge density is given by

o do
/pdz / —dz - (E)Z=O.

Integrating from 0 to oo, the right side of Eq. S22 yields

[S24]

) / [ 8e CU o~(8e0/kT) _ €CNa® —(eo(z) k)
&
0

" 8eCo ee(b/kT:| o dz
€

dz
2
- “l_(c._ _ —(8e®(0)/kT)
= [-(Co-OpkT(1-e )
- CNa+kT(1 - e*<f‘1’<°)/’<T>) - 8C0kT(1 - e*<f‘1’<°)/’<T>)] .
[S25]
Combining Eqs. S24 and S25, we obtain

2 2T

_% == [ (Co-C) ( e—<8e<1><0>/kr>)
—Cpa (1 _ e—(e@(O)/kT)) ~8C, (1 — e—(ecb(O)/kT))}

0_2

2%Te

—9Cy = Cgr +C+ (Cy — €)™ B@0/KT)

+ CyreCOORT) | g o~(e@O0)/KT),
[S26]

For the experiments using POPG,

0_2

—(8e®(0)/k
Si7s="9C0— Cna + (Co — C) eGP O/KT)

We thereby obtain an expression for the surface potential given by
Eq. S27:

kT 62 CNa+
(D__gln(zscokT+ Co +9).

[S27]
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We used a modified Langmuir model, Eq. S15, for binding of
TAT to POPG liposomes. The surface charge density o is given by

8¢Nmax  8eN’

47R?  4zR% [528]

0 =0()—0uds =

By substituting Eq. S28 into Eq. S27, we are able to write the

expression
k T O 2 CNa +
‘I’—‘gln(m*c—o”’)
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KT { (8eNu /4R = 8eN' /47R*)’ L One

. [S29
8 26CokT c, 7). B

By substituting Eq. S29 into Eq. S17, we obtain the expression

(8¢Nmax /47R% — 8eN' /4zR2)’ e

26CokT o

EyyxA +B'In

[S30]
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