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Giant vesicles (GVs) have provided chemists and biophysicists

with a valuable model for cell membrankBeing cell-sized, GVs

introduce no annoying curvature issues as do the more widely

studied submicroscopic vesictewith diameters in the 100 nm

Iﬂ o pe
range. GVs also undergo a variety of “cytomimetic” events,

including fission, fusion, budding, birthing, .and endocytdsiet Figure 1. Shrinkage of giant vesicle composed of POPC/POPG/zein (92:
to date there has been an obvious difference between cell5:3 mol %, 2.0 mL, pH= 6.7) induced by 4@L, 10 mM SDS. The final

membranes and their GV models: Cell membranes commonly SDS concentration in the electroformation cell (0.2 mM) is submicellar.
contain 18-85% proteint a component omitted in most GV "€ scale bar represents 26.
systems. Thus, to more faithfully simulate cell membranes, we have 45

begun to examine GVs with a high protein content, and we report 5 40 -
our initial results herein. As will be demonstrated, the presence 2 35
and depletion of protein from GV bilayers can have important E 30 .
consequences with regard to vesicle morphology. 'g 25 |
The protein in question here is called “zein”. Zein, isolated from é 20 4
corn endosperm, has been used commercially in the preparation of s 15
slow-release tablets, plastics, adhesives, ceramics, fibers, and g i
coatings’ It has a globular structure, a molecular weight of 25 kDa, ° 10 1
an isoelectric point of 7.2, and a high (20%) leucine content. Zein S 59
is water-insoluble but soluble in many organic solvents, including 0 ‘ ‘ ‘
ethanol and glycol ethers. Surfactants can solubilize zein in Water. 0 1 2 3
Zein’s stability and hydrophobicity make it an ideal subject for [Zein], mol-%
studying membrane-bound proteins in GV bilayers. Figure 2. Change in the diameter of giant vesicles POPC/POPG/zein in

In a typical GV preparation, a film was deposited on the two tEe E{rlesencg of SDS (10 ngl\llnl,o ﬁﬂglé/%ftoerpé ;1 as a(ffuncti?nﬁof th%;eligsin
; : : ; the layer. omposmon (0] zein (from left to right .
pargllel Ptwires of an_ e.leCtrOformatlon Cetlly coat!ng_them with 5), (94.5:5:0.5), (94:5:1), (93:5:2), and (92:5:3), respectively. The line is a
a mixture of phospholl_plds (neutral POPC and anionic PQIaﬁd visual guide.
zein (92:5:3 mol %) in CHCI,/CH3;0H (9:1) and removing the

solvent with a N stream. An initial alternating current (10 Hz, 100 GVs. Thus, GVs composed of POPC/POPG/cholesterol/zein (80:
mV) was applied after filling the cell with water or buffer. The - _nus, . z€l '
) bp g 8:10:2) did not respond to SDS additions.

voltage was increased to 1.0 V as the frequency was progressively . . . . . .
decreased to 3.0 Hz overa h. At cessation of the current, giant Surfactant interactions with zein have been examined just
’ ) ' recently® It was shown that at 24 mM SDS the surfactant is

vesicles (26-100u«m in diameter and presumably unilamellar) had . . . . . .
. incorporated into the globular zein to form micelle-like micro-
been formed on the wires. These were observed by phase-contras(ljn

microscopy using a Nikon Diaphot-TMD inverted microscope in omains that help solubilize the protein. Similarly, the SDS may

. . . remove zein from the GV membranes via protein/surfactant
tandem with an Optronics DEI'?S.OTD Pel_tler-cooled 3-CCD color complexes. Remarkably, the giant vesicles can heal themselves and
camera. Data were processed with the aide of Image Pro Plus 4.0

. . . o maintain their vesicular morphology despite the gross damage that
Assuming a GV with a 6@sm diameter, an area per lipid of 9.6

e : . . must occur when the protein departs.
ni¥, and a 5.0-nm diameter zein embedded at its equator, then a 2 pH is a critical factor in determining protein migration from

mol % zein in the bilayer occupied nearly half the vesicle surface. . amprane to bulk phase. At pH 6.7 and 4.2 (below the 7.2

Thus, the classipgl fluid mosaic model of Singer and Nicdl$ars isoelectric point), the protein was removed by SDS. At18.7,

been more realistically simulated. where zein is negatively charged, anionic surfactant induced no
When anionic, zein-free POPC/POPG giant vesicles (95:5 mol Gy contraction. On the other hand, 20 of 50 mM dodecyltri-

% in 2 mL of water, pH= 6.7) were exposed to 44 of 10 mM methylammonium bromide removed zein at pH8.7 but not at

sodium dodecyl sulfate (SDS), no surfactant-induced GV alterations pH = 4.2 or 6.7. Clearly, both hydrophobic and electrostatic forces
were observed. If, however, the GV bilayer possessed 2 mol % petween zein and surfactant are at play here.

zein, then the SDS caused a dramatic size reduction over the course Membrane-incorporated protein can also be instrumental in GV
of half an hour (Figure 1). The percent decrease in diameter is growth. Such a growth was observed (Figure 3) when GVs were
linearly related to the zein content of the GVs up to 3 mol % (Figure exposed to small unilamellar vesicles (SUVs), about 100 nm in
2). Diluted SDS solutions (150L, 1.0 mM) had no effect on the  diameter. Thus, the following components were mixed in the order
zein-bearing GVs. Nor did a simple inorganic salt,,8i@, (100 cited: (a) GVs of POPC, POPG, and zein (93:5:2 mol % in 2 mL
uL, 20 mM). Cholesterol exhibited a protective effect upon the of water, pH= 6.8), (b) SUVs of DDAB (100uL, 5 mg/mL), and
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Figure 3. Growth of zein-containing giant vesicles consisting of POPC/
POPG/zein (93:5:2 mol %) after addition of small DDAB vesicles (100
uL, 5 mg/mL) followed by addition of SDS (5@L, 10 mM). The scale
bar represents 2bm.
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Figure 4. Diameter of anionic giant vesicles composed of POPC/POPG/

zein (93:5:2 mol %) as a function of the DDAB concentration constituting

the small cationic unilamellar vesicles. Growth is initiated by addition of

50 uL, 10 mM SDS.

(c) SDS (50uL, 10 mM) now acting as a growth initiator. In this
experiment, the GVs were negatively charged owing to the 5%
POPG, whereas the SUVs were composed of positively charged
DDAB. The GV growth in Figure 3 can be reasonably attributed
to GV/SUV fusion, a fusion that was not observed in the absence
of zein. Nor did fusion occur with the positive SUVs if the GVs
were neutral (no POPG) or if the SUVs themselves were positive
(5% DDAB in place of POPG). Furthermore, no growth of negative
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Figure 5. Schematic depiction of GV growth. Diagram is not to scale (with
the GV being, in reality, 50Q larger than the SUVSs). Zein is indicated by
shaded ovals. GV lipid pairs are represented by open “dumbbells”, and
SUV lipid pairs are represented by solid “dumbbells”. After fusion, rapid
lateral diffusion would randomize the GV- and SUV-derived lipids (not
shown).

permeability owing, ostensibly, to a change in lipid organization.
GV/SUV fusion might therefore arise from membrane defects
especially at the periphery of the protein molecules. Accordingly,
GV growth occurs only in the presence of zein-created “fusion
hotspots”. One is reminded here of virus “fusion proteins” that
reconfigure host membranes prior to viral enfty.

Electrostatics seemingly serves a dish of SDS-tenderized small
vesicles to the giant vesicles, but the feast does not begin unless
protein is around to ring the dinner bell. Afterward, to continue
the metaphor, the giant vesicles loosen their belts.
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