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The interaction between the plant hormone, indole-3-acetic acid (IAA), and phosphatidylcholines (PC) of 
varying acyl chain length has been studied by monitoring the IAA.induced changes in 'H-NMR chemical 

-F 

shifts of lipid headgroup -N(CH3) 3 prototls. For PCs in both mieellar and vesicle bilayer systems these 
shifts increase with chain length although for the latter the magnitude of the shifts decreases with an 

,4,. 

increase in chain unsaturation. In systems composed of mixtures of pure PCs the headgroup -N(CH3) 3 
resonance for each phnspholipid is shifted by IAA to different extents, indicating that IAA is able to 
distinguish between individual PCs in mixtures. In di-Ci2PC and di-CI4PC, but not di-CioPC vesicle 

+ 

systems, the -N(CH3) 3 resonance is split into two components reflecting differences in packing of the inside 
and outside lamellae. This spli~ng is a!tered by IAA indicafins that !A A ,,'nCe.~cts di!ferc,".fiy with the inside 
and outside PC molecules. 

Introduction 

The hypothesis has been put forward that at 
least some physiological and/or biochemical re- 
sponses to plant hormones arise through interac- 
tions of the hormone with phospholipid mem- 
brane receptors [1-3]. In exploring this possibility 
much background information was obtained by 
studying the interaction between the plant 
hormone, indoleacelic acid (IAA), and several ho- 
mologous series of amphiphiles containing the tri- 
methylammonium group and a single acyl chain of 
different lengths [4]. In addition, other parameters 
of the hormone-phospholipid interaction were de- 
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lineated with membrane preparations of complex 
mixtures of soybean phosphatidylcholines (PC). In 
no case, however, has an attempt yet been made to 
describe the interaction between IAA and individ- 
ual PCs with known acyl chain composition nor 
has any study been undertaken of interactions 
between IAA and mixtures of PCs with known 
acyl chains. Since our aim is to understand both 
the physical parameters and the biological impli- 
cations of such interactions (between IAA and 
phospholipids) elaboration of these two points, 
inter alia, is essential. 

The method relies upon the measurement of 
IAA-induced :.,a+nges in tH-NMR chemical shifts 

of headgroup -N(CH3) ~ protons. The chemical 
shift changes, in turn, are thought to arise from 
changes in conformation induced by the interac- 
tio|i . . . . .  dg p . . a  ,~. i . . . . . .  I~ ~;,,,;. Ot Ut~  h ~ f i  [Off 5 a~lu  *.tt~, , I u l . t w t ~  L"'P o . , a - .  

lar IAA effects o~ chemical shifts have been oh- 
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served with soybean PC vesicle membranes with 
which an alkaline shift of approximately 1.5 units 
in pK a of the IAA carboxyl group was measured 
[5]. This pKo shift suggests that the carboxyl 
group is preferentially located in the phospholipid 
hydrocarbon/headgroup interface region. Since 
the properties of the hydrocarbon region are a 
function of acyl chain packing which, in turn, is a 
function of both the nature of the acyl chains and 
the nature of the headgroup [6], it was of interest 
to determine any effects of chain packing on the 
interaction of IAA with PC mice!les and mem- 
branes. 

This is part of a continuing program to develop 
sufficient knowledge to challenge complex and 
sophisticated biologically-relevant membranes 
with IAA, and understand the responses generated 
as well as the physiological and biological conse- 
quences. 

Materials and Methods 

Phospholipids were purchased from Avanti 
Polar Lipids (U.S.A.) and used as received. Purity 
of the compounds was determined by thin-layer 
chromatography on silica gel plates developed wRh 
chloroform/methanol /acet ic  acid/water 
(50: 25 : 7 : 4, v/v). In all eases the samples gave a 
single spot (Rf = 0.26) when sprayed with 
molybdate reagent. IAA (Sigma, U.S.A.) was re- 
crystallized from 1,2-dichloroethane and stored 
under nitrogen at 40C. 2H20 (99.75%) was ob- 
tained from AAEC (Australia). 

Micelle and vesicle preparations 
Stock solutions of phospholipids were made up 

in chloroform and stored at 4°C. Concentrations 
were determined by phosph~r~s assay using the 
method of Bartlett [7]. For micelle preparations 
with di-C4, di-C 6 and di-C s, accurate volumes of 
the st~k solutions were pipetted into small flasks, 
the solvex~i ~a~ved in vacuo at 30 °C and acetate 
buffer (200 mM, pH 3.85, :H20) or maleate buffer 
(200 raM, pH. 5.26, 'H20) added to give a final 
lipid concentration of 65 raM. The effects of pH 
on !he mag.nitude of the IAA-induced changes in 

+ 

chemical shift of the -N(CH3) 3 resonances of 
di-C6PC micelles were investigated further by car. 

tying out the titrations at pH 4.75 (200 mM 
acetate), pH 6.00 (200 mM maleate), pH 6.83 (100 
mM phosphate), pH 7.56 and pH 8.35 (200 mM 
Tris). Vesicle preparations were made from phos- 
pholipid dispersed in buffer at approx. 65 mM 
which was then sonicated at 4"C with a Branson 
B12 ultrasonicator equipped with a microtip, as 
reported previously [5]. 0.5 mt of these prepara- 
tions was transferred to 5 mm NMR tubes to 
which was added 0.8 #1 dioxane as internal refer- 
ence. IAA, as a solution of the sodium salt, was 
added with a microlitre syringe to the tube in 5- or 
10-/~1 increments. 

NMR measurements 
NMR spectra at 90 MHz were recorded on a 

JEOL FX-90Q Fourier-transform spectrometer 
using a spectral width of 1000 Hz accumulated 
into 8 K data addresses at a probe temperature of 
24°C. Chemical shift reproducibility, using the 
dioxane reference as 0.0 ppm, was better than 
+0.005 ppm. NMR spectra at 300 MHz were 
recorded on a Braker CXP300 spectrometer using 
a spectral width of 4000 Hz and an aquisition time 
of 1.0 s. 

Calculation of dissociation constants 
Dissociation constants (gd) and complex shifts 

(A) for the interaction between IAA and PC in 
acetate buffer, pH 3.85, (where IAA is assumed to 
be completely unionised) were determined from 

the -N(CH3) 3 resonance positions observed with 
changes in IAA concentration. For 1 : 1 stoichiom- 
etry, under conditions of rapid exchange of IAA 
between free and bound lipid states, the observed 
chemical shift (8ebb) of the lipid (L) resonance is 
related to the change in chemical shift on complex 
formation (za) and the chemical shift of the free 
species (Sf,cc) by 

8ob.~ = ([HL]/[Lo])A + 8tr~ (1) 

[HL] and [Lo] are the concentrations of the iAA- 
lipid complex at equilibrium and the total con- 
centration of lipid, respectively. An iterative pro- 
cedure was then used to calculate theoretical curves 
for a range of Ks values and A values which were 
then compared with the experimental data. Since 
IAA is able to quickly traverse the phospholipid 



bilayer (on the timescales and pH values ased [5]) 

all the lipid in vesicle systems is available for 
interaction with IAA. Further, this rapid trans. 
verse movement also allows intravesicular and ex- 
travesicular aqueous concentrations of IAA to 
equilibrate. 

For binary lipid systems, and for di-C6PC/di- 
C14PC mixtures, in particular, the following equi- 
librium was used: 

2 IAA+ L t + L 2 ~ IAAL I + IAAL 2 (2) 

in which iipids L1 and L 2 are assumed to exist 
exclusively in the associated form. It is noted that 
the above equations cannot be used for pH values 
near the effective pK a of IAA since contributions 
from both ionised and unionised IAA are present 
(we reported previously that these forms of IAA 
interact differently with PC[5]) and it was for this 
reason that the majority of experiments were con- 
ducted at pH 3.85. 

R ~  

fhe addition of IAA to the PC systems caused 
upfield changes in the 1H-NMR resonance posi- 
tions of headgroup protons (most notably 

4. 

-N(CH3) 3 protons) as observed previously with 
various trimethylammonium-containing amphi- 
philes [4]. Fig. 1 illust.rates the effects on the 

÷ 

chemical shifts of the choline group -N(CH3h 
protons, of the addition of IAA to di-C4, di-Q, 
and di.CsPC in acetate buffer. Di-C4PC showed 
only a small chemical shift change with added 
IAA (-0.026 ppm at 0.5 mole ratio IAA/PC) 
which is consistent with other short chain 
amphiphi!es [4]. Nevertheless. an interaction be- 
tween this phospholipid and IAA is evident since 
up to 0.5 mole ratio (32.5 mM) of IAA can be 
soiubilized (in the absence of phospholipid, IAA, 
at the lowest level used (3.25 mM), precipitates 
from acetate buffer pH 3.85). Increased PC chain 
length is associated with increased IAA-induced 
changes in IH-I~I(CH3)3 chemical shifts (Fig. 1). 
Significant increases in ~H linewidths of di-CsPC, 
due to increased solution viscosity at IAA con- 
centrations ~eater than 0.2 mole ratio, prevented 
further data from being obtained. It has been 
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Fig. 1. Changes in chemical shift of -N(CH3) 3 protons of 
di.C,,PC (ll), di-C6PC (Q), and di-CsPC (-), 65 mM and 
di-C6PC, 130 mM (0) in acetate buffer (pH 3.85) with increas. 

ing concentrations of IAA. 

shown previously [4] that iAA-induced shifts of 
amphiphiles containing the trimethylammonium 
group are greatest when the amphiphiles are in an 
associated form (micelles or vesicles). Since the 
critical micelle concentration (cmc) of di-C6PC in 
aqueous solution is approximately 14 mM [8.9] 
and changes with changes in salt concentration, it 
was possible that our results with this phosphati. 
dylcholine, at 65 raM, reflected a mixture of 
monomers and micelles rather than an essentially 
homogeneous population of micelles [11,12]. This 
was tested by increasing the concentration of di. 
C6PC to 130 mM at which a greater proportio.n_ of 
micellar species would be expected. Only very 
small differences in IAA.induced ~H chemical 
shifts were observed between the two concentra. 
tions indicating that, in the present system, di- 
CbPC at 65 mM fipid is principally in the form of 
micelles, as is di-CsPC which has a cmc of < 4" 
mM [8,9]. Similar results were obt;~ined with di. 
C6PC and di-CsPC micellar systems in mal~te 
buffer at pH 5.26 (Fig. 2). The magnitude of the 
IAA-induced shifts are somewhat smaller at this 
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Fig, 2. (Left) Changes in IAA-induced chemical shift of -N(CH3) 3 protons of di-C6PC, 65 mM (e), di-C6PC, 12,5 mM (o) and 
di-CsPC , 65 mM (&) in maleate buffer (pH 5.26). 

+ 

Fig. 3. (Right) Effects of pH on the [AA.induced changes in chemical shift of-N(CH3)3 protons of di-C6PC. (a) ]AA titration curves 
carried out using: 200 mM acetate: pH 3.S5 (A), pH 4.75 (v); 200 mM male.ate: pH 5.26 (e), pH 6,00 {O); 100 ram phosphate: pH 
6.83 {~) and 200 mM Tfis: pH 7.56 (O), pH 8.35 (~). (b) IAA.induced shift changes versus pH for 0.5 mole ratio (A) and 0.8 mole 

ratio (0) IAA/PC, The arrows indicate the approximate inflexion positions in ~he curve~ 
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Fig. 4, (Left) Changes in chemical shift of -N(CI-.]3) 3 protons of di-CioPC (l). di-C1s:tPC (A), di-Cls:2PC (v) and di-Cls:3PC (1) 
with increasing concentrations of IAA (65 ram in acetate buffer (pH 3.85)). 

+ 

Fig. 5. (Right) IAA-~nduc~ chang~ in -N(CHa) a proton chemical shifts for (a) di-Cl2PC (e) and (b) di-Cm4PC (II) at 65 mM lipid 
in acetate buffer (pH 3.85). The closed and open symbols refer to the downfield and upfield components of the peak, res~ectively. 
The ratio of the downfield and upGcld components is approximately 2: I in both cases. The inset shows the shape of the -N(CH))3 

resonance of di-C~4PC at three different IAA mole ratios. 
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pH than at pH 3.85 a,~d this can be ascribed to 
the presence of ionised IAA. Furthermore, the 
increased solution visco~,ity of di-CsPC with in- 
creasing concentrations of IAA was not observed. 
Note that when the concentration of di-C6PC is 
reduced to below its cmc small IAA=induced shifts 
are observed in agreement with previous findings 
[4]. The magnitudes of the IAA-induced shifts are 
not a simple function of IAA ionisation however. 
Fig. 3a shows the IAA-induced shifts of di-C6PC 
micelles in a range of buffers at different pH 
values. The plots of shift versus pH derived from 
the data at two different concentrations of IAA 
(Fig. 3b) show two inflexion points at approxi- 
mateiy pH ~.i and pfi 7.2. it is not known if the 
two different pK a values of IAA are caused by 
differer.t IAA locations within the PC interface 
region of the micelle (as a function of pH), or by a 
pH-induced change in conformation of the PC 
headgroup, or a combination of these factors. 
With soy PC vesicles only one inflexion point, at 
pH 6,1, was observed [5]. 

The interactions of IAA with longer chain PCs 
in the form of vesicles are shown in Figs. 4 and 5. 
There is a small but significant increase in the 
IAA-induced shifts going from di-C~0PC to di- 
CI4PC, although a further increase to Cts acy! 
chains does not alter the IAA-induced shifts. In- 
creased chain unseturation appears to decrease the 
IAA-induced shifts. The Kd values and d values 
for the complexes formed between IAA and the 
lipids, computed using Eqn, 1, are given in Table 1 
and range from 2.8 to 6.9 mM and -0.39 to 

TABLE I 

DISSOCIATION CONSTANTS (Kd) AND COMPLEX 
SHIFTS (A) DETERMINED FOR THE INTERACTION 
BETWEEN IAA AND VARIOUS DIACYLPHOSPHATI. 
DYLCHOLINES ~ ASSUMING A 1 : I STOICHIOMETRY 

PC Kd (raM) d(ppm) 

di.Q 3,7 :I: 0.8 - 0.389 :i: 0.003 
di-Ci0 6.9± 1.6 - 0.489:i:0.004 
di-C,4 4.0+1.0 -0.538=1:0.(}04 
di-Cis:, 3.8:i:2.0 -0.518:1:0.005 
di-Cis:2 3.4+2.4 -0.509 + 0,002 
di'Cis:3 2.8+1.8 -0.465-1-0,005 

' Curves could not be fitted to the data obtained for di-C4PC, 
di-CsPC and di.Ct2PC. 
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Fig. 6. Rates of movement of Pr 3+ into di-Ci4pc vesicles in 
acetate buffer (pH 3.85) as a functio, of IAA ¢on~----~z. ~.~:i~n in 
the presence of l0 mM Pr ;+. Lipid ¢:mcentration was 65 raM. 

Mole ratios of IAA/PC are shown. 

-0.54 ppm, respectively. DisC1.: and di.Cl4PCs 

are unusual in that their 1H-N(CH3)3 resonances 
have a high-field shoulder in the absence of IAA. 
When titrated with IAA these shoulders become 
more pronounced up to IAA concentrations of 
approx. 0.25 mole ratio when they gradually merge 
with, and eventually disappear i~to the main peak 
(Fig. 5). The heights of these shoulders are ap- 
proximately one half the h~ght of the main peaks. 
The linewidths (v;) of the -N(CH3)3 resonances at 
0 and i.~, .,w~' ia~c, ,,",~*, are 5.5 -..",'t a...¢ ~z,• 
respectively, for di-C~2PC and 8.1 and 6.5 Hz for 
di.C14PC+. Di-CloPC does not show this splitting 

of the -N(CH3)3 peak, however, and the tH-NMR 
linewidths are 6.6 and S,2 Hz in the presence of 0 
and 1.0 mole ratio of IAA, respectively. 

When paramagnetic ions such as Pr 3+ or Nd 3+ 
are added to long chain (> C14)PC vesicle disper- 
sions after the sonication step. the inside and 
outside lamellae of the vesicle can be dis- 
tinguished. This is due to the restricted p~,~n~bil- 
ity of the membrane to these cations such that 
only the outer PC Iamellae 'see' the paramagnetic 
ions, resulting in the displacement of the outer 
headgtoup NMR resonances [13]. The trans-mem- 
brahe movement of the ions, enhanced by IAA 
and other auxins [14] and ionophores [15,16], can 
be observed and transport rates measured by 
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Fig. 7. 1H.NMR spectra of mixtures of (a) di-C4PC/di.C6PC (20:80 tool %), (b) di-C6PC/di-CsPC (50:50 mol %) and (c) 
di-C~PC/di-C14PC (80:20 mol %). acetate buffer (pH 32t5) at 65 mM total lipi~d in the absence (i) and presence (ii) of 03 mole ratio 

IAA. Resonances marked by v arise from -N(CH3) 3 protons. 

morfitoring the displacement with time of the in- 
side headgroup resonances As the acyl ch~:'n !s 
shortened, however, the membranes becom,~ in- 
creasingly permeable. For example, Pr 3+ n:ove- 
ment into di-C~4PC vesicles is completed it: ap- 
proximately 24 h. This rate is substantially in- 
creased by adding IAA (Fig. 6) in agreement with 
previous findings using other PCs [17]. With di- 
CI~PC and di-C~oPC permeability rates, in the 
absence of IAA, are substantially faster with no 

differentiation between inside and outside signals 
for the latter on the timescale of the NMR mea- 
surements (approx. 1 rain). These results are simi- 
lar to tb, ose observed with Nd ~+ [10]. 

Diacylphosphatidylcholine mixtures 
In order to investigate further the effects of 

chain length on the phospholipid interaction with 
IAA, binary mixtures of PCs with chain lengths of 
4, 6 and 8 carbon atoms were used. In addition, 
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components, respectively. 

di.C,4PC was mixed with di-CePC in the ratio 
1:4. Short chain amphiphiles are readily incorpo- 
rated into micelles formed from longer chain 
amphiphiles, and this incorporation also reduces 
the cmc of both the longer chain and shorter chain 
amphiphiles [12]. In the absence of IAA all pre- 

+ 

parations gave a single sharp -N(CH3) 3 resonance 
and when IAA was added this peak moved upfield 
as previously observed. With a number of pre- 

+ 

parations, however, the-N(CH3)3 resonance was 
split into two components the ratios of the peak 
areas of which mirrored the mole fractions of the 
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Fip= I0. -I~I(CH3)3 proton che~cal shifts as a function of IAA 
concentration, for a mixture of di-CePC/di-CI4PC in the 
molar ratio of 80:20. Total lipid concentration was 65 raM. 
Solid and open circles show the experimental data whilst the 

broken lines were c, alculatod using data in Table I, 

individual phospholipids in the mixtures (Fig. 7). 
F+ig. 8 shows the IAA-induced changes in 
-N(CH3) 3 ch:micals shifts for mixtures of (a) 
C4/C6, (b) Ce/Cs, and C4/C s PCs at pH 3.85, 
and Fig. 9 shows the IAA-induced shift changes 
for mixtures of Ce/Cs PC at pH 5.26. The magni- 
tude of these shift changes appears to be similar to 
those of the individual compounds. Di-C14PC, 
which forms mu!tilamellar vesicular dispersions in 
aqueous btlffeL can be incorporated into di-CePC 
micellcs at 20 mol ~. This ~stem also demon- 

stratexl peak splitting of the -N(CH3)3 resonance, 
in the ratio of 4:1, on the addition of IAP, (Fig. 
9). The magnitudes of the IAA-induced upfield 
changes in chemical shift of these two components 
can be correlated with the values expected from 
the IAA-induced shifts of individual phospholi- 
pids using data from Table I. This is illustrated by 
the agreement between the theoretical values 
(broken lines) and the experimental points (Fig. 
10, in which it is assumed that di-CePC is com- 
pletely in miccllar form). It is suggested that IAA 
interacts with pho~photipids in binary systems as 
though the phospholipid molecules were di:mrete 
entities. 

This was further explored by using mixtures of 
di-C1o and di-Cts:l PCs. When vesicles made by 
sonicating a mixture of these two lipids in a molar 
ratio of 1'4, respectively, were titrated with IAA, 

"9 

the -N(CH3) 3 proton resonance, which was nar- 
row (r[ = 6.5 Hz) and symmetrical in the absence 
of IAA, moved upfield. Furthermore, at a proton 
frequency of 90 MI-lz, as the IAA concentration 
increased this resonance became progressively 
more asymmetric with a longer tail on the down- 
field side. At higher magnetic field strength (300 
MHz proton frequency) this asymmetry was ob. 
served as a distinct low field shoulder on the 

+ 

-N(CH3)3 resonance, as illustrated in Fig. 11 where 
0.5 mole ratio of IAA ha~ b~n  add,d to th.e lipid 
preparation. The positions of this shoulder and of 
the main peak are in agreement with the observed 
values for single lipid component di-CloPC and 
di-Cls:t PC systems (Fig. 4). The question of 
whether the results are derived from two different 
populations of vesicles (i.e., di-Ct0PC vesicles and 
di-Cts:l vesicles) or a single population of mixed 
lipid vesicles, was also examined by monitoring 
the permeability of these membranes to Pr 3+. As 
described cartier, di-Cts:tPC membrant:s are ef- 
fective barriers to Pr 3+ movement into the vesicles. 
However, when 20 reel % di-Cl0PC is incorpo- 
rated into the system the vesicles become very 

Vt J i 

t l  
I 

I~-.-..----.--..4 
0.2 l~m 

Fig. II. Superimposed IH-NMR spectra at 300 MHz of a 
mixture of di.C1oPC and di.C1sPC,(20: 80) in acetate buffer 
pH 3.85 showing the shape of the -N(CH3) 3 resonance in the 
absence (solid line) and prcsenc¢ of 0.5 mole ratio of IAA 
(broken line). Main component and low.field shoulder of the 

peak are marked v. 



permeable, to the extent that pr3+-induced sep- 
+ 

aration of outer and inner -N(CH 3)3 resonances is 
not seen (data not shown). This indicates that 
di-CloPC is incorporated into vesicles formed by 
di-C~s:mPC and that a single population of mixed 
lipid vesicles is formed as a result of sonication. It 
also indicates that IAA does, in facf, distinguish 
between the two components of a binary mixed 
lipid membrane system. 

Discussion 

In an earlier study with single acyl chain lipids 
it was found that IAA produced large changes in 
chemical shifts only when the fipids formed 
organized, membranous miceltar or bilayer struc- 
tures [4]. That most important finding is dearly 
true with diacyl chain PCs as well, since PC 
concentrations above the cmc are required before 
IAA can induce large shifts. In the singte acyl 
chain lipid systems, with which micelles were the 
predominant species when concentrations ex- 
ceeded the cmc, the IAA-induced shifts of the 

"4" 

-N(CH3)3 protons were shown to be dependent 
on both the length of the acyl chain and the 
nature of the lipid headgroup [4]. It was also 
shown that an inverse relationship existed between 
the size of the IAA.induced shift and the 
headgroup volume. For IAA and lyso PCs the 
magnitude of the complex shifts were approx. 
-0.6 ppm compared to complex shifts of approx. 
-1.7 ppm calculated for IAA and trimethylam- 
monium bromides. These valu~ can be compared 
to complex shifts in the range of -0.35 to -0.54 
ppm calculated for the interaction between IAA 
and diacyl PCs in the present study. The effects of 
acyl chain length on the IAA-induced shifts in 
single-chain systems, generally, had only minor 
significance, although the acyl cholines displayed 
large differences (up to 0.25 ppm at 1.0 mole ratio 
of IAA). With diacyl PC both micelle and vesicle 
systems show increasing IAA-induced shifts with 
acyl chain length, i.e. di-C s > di-C6 > di-C4 and 
di-Cl,, > di-C n > di-Cio. The explanation for this 
in micellar systems probably lies in both the con- 
centration and size of the micelles formed. The 
small IAA-induced shifts in di-C4PC systems re- 
fleets the monomeric nature of this lipid at a 
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concentration of 65 mM as used in the present 
experiments. However, since dioCtPC and di-CsPC 
at 65 mM lipid are principally in the form of 
micelles the differences in IAA-induced shifts of 
these lipids must be due to some other factor. A 
possible explanation resides in the proposal that 
small hydrophobic molecules like IAA are local- 
ized in the hydrocarbon region/headgroup region 
interface of both micelles and bilayers [18,19]. 
Furthermore, the degree of penetration of tAA 
iqto phospholipid bilayers has been suggested as 
the mechanism by which IAA causes the observed 
changes in headgroup ~H-NMR chemical shifts 
[4]. The extent to which molecules such as IAA 
penetrate into the membrane is also a function of 
their molecular structure [13] in which the balance 
between the hydrophilie and lipophilic groups and 
the spatial orientation of these groups in the mole- 
cules, is of importance. Thus, both the interaction 
and the consequences of the interaction between a 
membrane and these hydrophobic molecules are 
determined not only by the structure of the mem- 
brane (which is, in turn, determined by the nature 
of the component lipid molecules), but by the 
characteristics of the hormone as well. 

It is perti~ :t to note that the choline-N(CH3) 3 
signal of di-Cl0PC does not shown any signs of 
spirting in the presence or absence of IAA in 
contrast to the effects observed with di-C12PC and 
di-C~4PC. It is thought that the IAA-induced 

+ 

splitting of the -N(CH3) 3 resonance in vesicle 
preparations of the latter phospholipids arises from 
a difference in interaction of IAA with the inside 
and outside phospholipid molecules as a result of 
differences in lipid packing on the inner and outer 
lamellar surfaces. At higher magnetic field 
strengths this difference in packing can be directly 
observed for egg PC vesicles [22]. The absence of 
IAA-induced splitting in di-CloPC vesicles indi- 
cates that the interaction of IAA with PC in the 
inner and outer lameliae of these vesicles is the 

4- 

same, or that there is an averaging of the -N(CH03 
signals from the inner and outer lamellae. For the 
latter to occur, however, the processes involved 
must be rapid (an upper limit for the lifetime of 
the species giving rise to the NMR signal, calcu- 
lated from the fast exchange expression ¢ <  
1/2¢rZh,, is 8 mS (see Ref. 9)). 
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Using binary mixtures of short ehzin diacyl 
PCs, were have shown, by the differential magni- 
tudes of the IAA-induced shifts, that IAA is able 
to distinguish between the different phospholipids 
in the mixture. Whilst we cannot completdy rule 
out an IAA-induced separation of PC ,,;pecies into 
different acyl chain length micelles, .~.his would 
appear unlikely. Furthermore, results with mixed 
miccUcs containing di-C~PC and di-C14PC, in 
which the latter does not form stable micelles 
except at very low concentrations, and where the 
ratio of -N(CH3) 3 intensities corresponds to the 
mote fractions of the two components, suggest 
that only one type of micelle is formed with which 
IAA interacts. Similarly, using a mixture of dl- 
C10PC and di-C~s:tPC in the form ot vesicular 
membranes it has been demonstrated again that 
IAA enters into specific interactions with the indi- 
vidual components that are a function of the fatty 
acid chain length of the phospholipids. 

These findings are significant in that they dem- 
onstrate that IAA can interact with phospholipid 
membranes in a manner which is not only depen- 
dent on the nature of the phospholipid headgroup 
but also on the nature of the hydrocarbon re#on 
of the membrane. Additionally, si,-~cc the charge 
density and charge distribution of the headgroup 
region of the membrane are changed as a result of 
IAA binding [14], the nature of the hydrocarbon 
region of the memt,.~ane wilt be a determinant of 
these changes and will confer on the membrane a 
specificity fo~ oth,~ bh,diag ~d~ ~ that of ions 
and macromolecules. 
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