502 THE JO! L OF
PHYSICAL
CHEMISTRY

2007,111,502-504
Published on Web 01/03/2007

Fluorescent Probes Alter Miscibility Phase Boundaries in Ternary Vesicles

Sarah L. Veatch* Sherry S. W. Leung$ Robert E. W. Hancock," and Jenifer L. Thewalt*-$

Department of Microbiology and Immunology, Weaisity of British Columbia, Vanceer, BC, Canada, and
Department of Physics, Simon Fraser Wsisity, Burnaby, BC, Canada

Receied: Nawember 16, 2006; In Final Form: December 12, 2006

We use?H NMR to study the effects of probes on the miscibility transition in multilamellar vesicles of
di(18:1) phosphatidylcholine (PC; DOPC), chain perdeuterated di(16:0)PC (DPPCd62), and cholesterol both
with and without 0.5 mol % of the fluorescent probes DilC12 and DiOC18. Both probes raise the miscibility
transition temperature in dispersions of 1:1 DOPC/DPPCH&0% cholesterol but to differing extents. In
membranes containing the popular probe DilC12, the fraction of DPPCd62 lipids in the liquid disordered
phase is increased, and the ordering of that phase is reduced even at low temperatures. All findings are
consistent with a probe-induced expansion of the entire miscibility phase boundary. We examine membranes
with smaller DilC12 fractions and find a significant increase in transition temperature for samples with 0.05
mol % DilC12, demonstrating that trace components can dramatically alter membrane phase behavior.

Coexisting liquid ordered (§) and liquid disordered () biomembrane composition lead to large changes in membrane
phases are observed in a wide variety of three-component lipid organization.
membranes? In part due to its potential application to lipid 2H NMR spectra were acquired for membranes of 1:1 DOPC/

rafts? liquid immiscibility has been an active area of research pppcde2+ 30% Chol with varying amounts of the probes
over the past several yedrs? Most experiments aimed at  DjlC12 and DIOC18 between 10 and 60.16 2H NMR spectra
characterizing liquid immiscibility in bilayers have relied on  of membranes with coexisting liquid phases are a superposition
the presence of probe molecules’ ! For example, ternary  of spectra from DPPCd62 lipids in distinct lipid environmehts.
phase diagrams have been produced by monitoring the distribu-DPPCd62 acyl chains indphases are more disordered and
tion of a fluorescent probe in giant unilamellar vesicles (GUVs) produce narrower quadrupolar splittings than thoseg,ipHases.

as a function of temperature and composifi@thers have used T is identified as the highest temperature where three distinct
multiple fluorophores to detect submicron lipid organization by methyl splittings are preseft Tnix is determined qualitatively
fluorescence resonance energy transfer (FRETpr used spin by examining?H NMR powder spectra as a function of

labels in electron spin resonance (ESR) experineitis.often temperature (Figure 1) and quantitatively by fitting methyl peaks
argued that probes do not alter membranes when used at tracéom dePaked spect&.

concentrations. Recently, wand others 14 have questioned We measure a significant6 °C) shift in Toix for membranes
this assumption. with 0.5 mol % of the popular probe DilC12. Coexisting phases

In this Letter, we directly compare the phase behavior of are easily visualized in GUVs by fluorescence microscopy at
ternary membranes with and without fluorescent probed-by  this probe concentration (Figure 2A). The increase in transition
NMR. We find that trace quantities of commonly used temperature due to probes depends on probe type. A larger
fluorescent probe molecules dramatically increase miscibility temperature shift is found in membranes with 0.5% DilC12
transition temperaturesTgy). In addition, probes alter the (6 °C) than in membranes containing 0.5% DIOC18@. At
fraction and physical properties of coexisting phases, even at15 °C, the short chain DilC12 probe strongly partitions into
temperatures far from the transition. The magnitude of the effectthe Ly phase (Figure 2A), whereas the longer chain DIOC18
depends on the type and concentration of probe used, and weprobe partitions more equally between phases (Figure 2B),
propose that it is dependent on probe partitioning, as has beenalthough probe partition coefficients are temperature dependent
previously characterized in three-dimensional liquid mixtures. (data not shown).

Perturbations due to the inclusion of probe molecules may The presence of probes also alters the ordering and quantity
explain seemingly conflicting findings from different labora- ¢ coexisting phases (Figure 3). In membranes containing 0.5
tories!®>and we propose that our results may be biologically mo| 9 DiIC12, the Iy phase is more disordered, and more
relevant. It is appealing to speculate that small changes inpppcd62 is found in an J state over a wide range of
temperatures. Interestingly, the phase is also more ordered
‘*fSﬁir\;gfspig/ng}ngr?ﬂgwgélﬁﬁaaig: jthewalt@sfu.ca. in membranes with DilC12, even though the probe lipid

! : ) ) ) partitions almost completely away from this phase (Figure 2A).
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Figure 1. RepresentativéH NMR spectra for membranes of 1:1 E 02+ 1
DOPC/DPPCd62- 30% cholesterol (left) without and (right) with 0.5 - 05% DilC12
mol % of the fluorescent probe DilC12. Spectra of membranes with -~ 04t : ! |
coexisting phases are drawn in green. ' 0.5% DiOC18
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Figure 3. DPPCd62 methyl group ordering, first moment, and

partitioning are altered by the addition of fluorescent probes. (A) The
DPPCd62 methyl group splits into three distinct signals whgard

L, phases coexist. Membranes with probes have a more disordered
Ci— no probe D Lq phase and a more ordered phase. (B) The average quadrupolar

= no probe Pl : ) -
— 0.5% — residual] — 0.5% — residual splitting, M1, is altered in the presence of probes. M1 is calculated as
Dilc12 Dioc18 described previousli? (C) The fractional intensity of the narrow {L

methyl peak gives a lower limit on the fraction of DPPCd62 lipids in
the Ly phase?® More DPPCd62 lipids are in theylphase in membranes
with DilC12 than in membranes without probes.

"\:‘*“"H’*“'\f
=50 0 50 -50 0 80
kHz kHz

Figure 2. (A and B) Phase separation is observed at@5n GUVs
of 1:1 DOPC/DPPCt 30% Chol doped with 0.5 mol % (A) DilC12
or (B) DIOC18 probes by fluorescence microscépyhe probe DilC12

partitions strongly into the d phase, whereas DiIOC18 partitions roughly 0 0.1 02 03 0.4 0.5

equally between phases at this temperature. (C arfti D)VIR spectra Mol% DilC12

differ in membranes with and without probe at PE. Larger Figure 4. The shift in the miscibility transition temperature of 1:1
perturbations are observed in membranes with DilC12 than in DOPC/DPPCd62- 30% Chol varies with the concentration of DilC12.
membranes with DIOC18. A significant shift in transition temperature is found for membranes

containing 0.05% DilC12.

membranes containing 0.5% DilC12 are much closer to a critical
point atTmix than membranes without a probe. In membranes mempranes is saturable. This is consistent with our previous
with 0.5% DilC12, we find that DPPCd62 partitions nearly  opservation that transition temperatures do not differ in GUVs
equally between phases just beldix (Figure 3C), and we ity 0.2-20 of the fluorescent probe Texas Red DPPE when
observe_ broadened spectra abolgx (Figure 1). _S_pectra_l viewed by fluorescence microscoly.
broadening ofH resonances occurs near known critical points T o )
in DOPC/DPPCA62/Chol membranes and is likely a conse- While it is surprising that trace concentrations of probe
quence of critical fluctuations (manuscript in preparation). In Molecules can have a dramatic effect ®pi in bilayers,
3D systems, impurities have been used to modulate the locationSensitivity to impurities has been well characterized in three-
of critical points?® dimensional liquid mixture3!~-23 For example, transition tem-

We also examined hoili,ix varies with DilC12 concentration peratures are altered in hexatmatrobenzene binary mixtures
(Figure 4). Remarkably, we detect modulated spectra and anin the presence 0£0.05% of a range of impuritieS.In addition,
increasedTyx value in membranes with as little as 0.01% the magnitude and sign of transition temperature shift depends
fluorescent probe (1:10 000 probe/lipids) and find a significant on the partitioning of the impurity, with impurities that partition
shift in Tmix for membranes with 0.05% probe (1:2000 probe/ strongly into one phase leading to increased transition temper-
lipid). In addition, the shift inTmix due to probes in these atures. The effects of impurities on the miscibility transition in
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3D systems is attributed to a modulation of the interfacial energy ~ (3) Edidin, M. Annu. Re. Biophys. Biomol. Struc2003 32, 257.
between phase? (4) Baumgart, T.; Hess, S. T.; Webb, W. \Nature 2003 425 821.
. L " . . (5) Dietrich, C.; Bagatolli, L. A.; Volovyk, Z. N.; Thompson, N. L.;
Our observation that the miscibility transition is highly | eyi m.; Jacobson, K.; Gratton, L. ABiophys. J2001, 80, 1417.
sensitive to the presence of impurities may have biological (6) Hammond, A. T.; Heberle, F. A.; Baumgart, T.; Holowka, D.; Baird,
relevance. In biological processes, trace quantities of specific B-; Feigenson, G. WProc. Natl. Acad. Sci. U.S.A2005 102, 6320.

L . - : (7) Kahya, N.; Scherfeld, D.; Bacia, K.; Poolman, B.; SchwilleJP.
target molecules can initiate signaling. Here, we describe a gj* cpem 2003 278 28109,

mechanism by which small perturbations can lead to large  (8) Samsonov, A. V.; Mihalyov, I.; Cohen, F. Biophys. J2001, 81,
changes in membrane structure. In model systems, it has beeri486.

demonstrated that changes in the structure of minor components, é?ée?jwﬁmlzis’%pJH;/sCiinzibbé %8' 2”4%§mithv A. K.; Holowka, D.; Baird,

can have a large impact on lipid organization (e.g., cross-linking ~“(10y de Aimeida, R. F. M.; Fedorov, A.; Prieto, Niophys. J2003
of GM1° or oxidation of phospholipid4). In this study, we are 85, 2406.

unable to directly demonstrate that the observed effed,gn (11) Silvius, J. RBiophys. J.2003 85, 1034.

is due to the probes themselves or due to indirect effects caused, é%)%)él \égag‘l'os' L; Polozov, I. V.; Gawrisch, K.; Keller, S. Biophys.

by probe inclusion (e.g., increased lipid oxidation in the presence  (13) Aussenac, F.; Tavares, M.; Dufourc, EBlochemistry2003 42,
of fluorophores). 1383.

In conclusion, we find that the fluorescent probes DilC12 16%‘? Koan, M. M.; Blanchard, G. Jl. Phys. Chem. 2006 110(33),
and DiOC18 raise miscibility transition temperatures in mem- (15)' Veatch, S. L.; Keller, S. LPhys. Re. Lett. 2005 94, 148101.

branes of 1:1 DOPC/DPPCd6230% cholesterol when viewed (16) Dioleoylphosphatidylcholine (DOPC), dipalmitoyl-d62-phosphati-
using 2H NMR. Probes alter the composition and physical dylcholine (DPPCd62), and cholesterol (Chol) were purchased from Avant

. - . Polar Lipids, and 1,1didodecyl-3,3,33-tetramethylindocarbocyanine per-
properties of coexisting phases, and low probe Concentra‘t'onschlorate (DilC12) and 3;3dioctadecyloxacarbocyanine perchlorate (Di-

(e.g., 1:2000 probe/lipid) lead to a significant increase in the oc18) were purchased from Molecular Probes. Lipids and probes were
miscibility transition temperature. We conclude that the mis- used without further purification. Multilamellar samples containing 50 mg

cibility transition in lipid membranes is exquisitely sensitive to  ©f PPPCd62 were prepared by mixing lipids in chloroform, evaporating
ff solvent, resuspending in cyclohexane/methanol, and lyophilizing.

the presence of trace components, a property that may be utilizedsamples were hydrated in deuterium depleted water6t °C, and lipid
in biological processes. purity was verified using TLC. Spectra were acquired at 46.8 MHz with a
dwell time of 5us and a reptime of 300 ms and otherwise as described
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two L, peaks in these experiments because spectra were acquired with fast
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