
This article was downloaded by: [Tomsk State University of Control Systems and Radio]
On: 21 February 2013, At: 10:27
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office:
Mortimer House, 37-41 Mortimer Street, London W1T 3JH, UK

Molecular Crystals and Liquid Crystals
Publication details, including instructions for authors and subscription
information:
http://www.tandfonline.com/loi/gmcl16

A Detergent Depletion Technique for the
Preparation of Small Vesicles
Thomas H. Fischer a & Danieli D. Lasic b
a The Center for Thrombosis and Hemostasis, The University of North
Carolina at Chapel Hill, Chapel Hill, NC, 27514
b ETH Zurich, Laboratorium fur Biochemie, ETH-Zentrum, CH-8092,
Zurich, Switzerland
Version of record first published: 20 Apr 2011.

To cite this article: Thomas H. Fischer & Danieli D. Lasic (1984): A Detergent Depletion Technique for the
Preparation of Small Vesicles, Molecular Crystals and Liquid Crystals, 102:5, 141-153

To link to this article:  http://dx.doi.org/10.1080/01406568408072064

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-and-conditions

This article may be used for research, teaching, and private study purposes. Any substantial
or systematic reproduction, redistribution, reselling, loan, sub-licensing, systematic supply, or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that
the contents will be complete or accurate or up to date. The accuracy of any instructions,
formulae, and drug doses should be independently verified with primary sources. The
publisher shall not be liable for any loss, actions, claims, proceedings, demand, or costs or
damages whatsoever or howsoever caused arising directly or indirectly in connection with or
arising out of the use of this material.

http://www.tandfonline.com/loi/gmcl16
http://dx.doi.org/10.1080/01406568408072064
http://www.tandfonline.com/page/terms-and-conditions


Mol. Crysr. Liq. Cr.vs!. Vol. 102 (Letters), k i p .  141-153 

0 1 9 8 4  Gordon and Breach. Scicncc Publishers. Inc. 
Printed in the United Slates o i  America 

0140-6~66i~4ii025-oi41$1 x s o j o  

A DETERGENT DEPLETION TECHNIQUE FOR THE PREPARATION 
OF SMALL VESICLES 

.b ** 
THOMAS H. FISCHER" and DANIEL1 D. LASIC 

"The Center for Thrombosis and Hemostasis, The 

University of North Carolina at Chapel Hill, Chapel 

Hill, NC 27514 

ETH Zurich, Laboratorium fur Biochemie, ETH-Zentrum, 

CH-8092 Zurich, Switzerland 

A k 

(Received for Publication July 5 ,  1984) 

ABSTRACT: A simple method for the preparation of small 

phospholipid vesicles is presented. This method 

utilizes the rapid dilution of octyl glucoside-egg 

lecithin mixed micelles to a final detergent concen- 

tration below the critical micelle concentration, at 

which the bilayer state is favored. Electron micro- 

scopic and gel filtration chromatographic analysis of 

the resulting vesicle preparations show that the rapid 

dilution technique results in a uniform population of 

vesicles with a mean diameter of 20-28 nm. This result 

supports the hypothesis that vesicle formation occurs 

through the fusion of discoidal mixed micelles, the 

geometry of which is determined by the phospholipid 

and detergent content. 
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142 T. H. I I S C H E R  and D. I). LASIC 

INTRODUCTION 

A number of methods are reported for the preparation 

of phospholipid vesicles. These methods utilize 

sonicat ion, solvent injection, 3 ’ 4 ’ 5  reverse phase 

evaporation,6 filter e~trusion,~ and detergent depletion 

from mixed micelles with dialysis 3,8,9,10 or gel filtration 

chromatography ’ l2 to produce vesicles. Each method has 

advantages and disadvantages, and produces a characteristic 

vesicle size distribution. Ether removal and dialysis 

generally produce larger vesicles (100 to 500 nm diameters) 
which are useful for, among other things, encapsulation and 

transport studies. Solvent injection, sonication, and gel 

filtration methods can yield smaller vesicles (10 to 5 0  nm 

diameters), which are desired for many types of experiments, 

including NMR studies where peak resolution is needed. T h i s  

communication describes a method for producing homogeneously 

sized small vesicles by rapidly diluting octyl glucoside-egg 

lecithin mixed micelles to final detergent concentrations 

(below the critical micelle concentration) at which micelles 

are not stable. This method yields a population of vesicles 

with diameters of about 25 nm that i s  approximately 

homogeneous with respect to size distribution and stable 

with respect to further size changes. 

EXPERIMENTAL 

Egg phophatidylcholine (egg PC) was obtained from 

Lipid Products, U.K., and used without further purification. D
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SMALL VESICLE PREPARATION 143 

Octyl glucoside (1-octyl-B.glycopyranoside) was obtained 

from Calbiochem, while sodium dodecyl sulfate was purchased 

from New England Nuclear. Polystyrene beads and Sepharose 

CL-2B were respectively obtained from Polyscience, Inc. and 

Pharmacia. A l l  buffers and salts were reagent grade. Hemo- 

globin and Hemocyanin were obtained from Sigma. 

The preparation of small vesicles proceeded as 

follows: First, octyl glucoside-egg PC mixed micelles were 

prepared with 100 - mM octyl glucoside and 10 egg PC, by 

adding the desired amount of solid octyl glucoside to a 

multilamellar dispersion of 10 mM egg PC in buffer A (10 mM 

Tris/Tris HC1, 1.0 - mM EDTADNa2, pH = 7 . 4 ) .  The dilution was 

performed by adding, from a syringe, 1.0 ml of the mixed 

micelles at a rate of 1.0 ml/min to 9.0 ml of buffer A. 
During the addition, the vial containing the buffer was 

vortexed at top speed. The actual dilution event took place 

on a millisecond timescale, as determined by preforming a 

similar dilution with solutions containing dye. After 

dilution, the suspension was dialyzed for 48 hrs against two 

2.0-liter changes of buffer A at 2.22. The resulting vesicles 

were characterized with respect to phospholipid and octyl 

glucoside content with the phosphate determination of 

Bart let t l3 and the glucoside analysis of Kowald and 

McCormak. l4 The essential feature of this method for 

preparing small vesicles was that the dilution event occured 

as fast as possible. The initial and final detergent and 

phospholipid concentrations were not critical if the 

requirements that the phospholipid was initially fully 

solubilized and that the final octyl glucoside concentration 
15 was well below the critical micelle concentration (25 g) 

was met. A l s o ,  factors such as temperature and dialysis time 

- - 
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144 T. H. FISCHER and D. D. LASlC 

had little effect on the final result, as long as excess 

detergent was adequately removed. 

After dialysis, the resulting vesicles were analyzed 

with negative staining EM techniques and with gel filtration 

chromatography. In preparation for electron microscopic 

examination, carbon coated grids were blotted first with 

vesicle suspensions, followed by 2% (w/v) uranyl acetate or 

2% (w/v) sodium phosphotungstinic acid, pH = 6.5 .  Gel 

filtration chromatography of vesicle suspensions utilized a 

Sepharose CL-2B column. The 1.3 x 48.0 cm column was 

pre-equilibrated and eluted with buffer A. Three ml of 

dialyzed vesicle suspension was applied to the column and 

eluted at a flow rate of approximately 7.5 ml/hr. 

Chromatography was performed at 22%. Chromatography 

fractions were then analyzed for phosphate content using 
13 Bartlett's procedure. The void volume ( V o )  and total 

column volume (Vt) of the column were respectively 

determined with blue dyed polystyrene beads (diameter = 500 

nm) and bromophenol blue as follows: The CL-2B column was 

preincubated and eluted with 20 - mM sodium dodecyl sulfate in 

buffer A. One ml of a solution containing 12.5 mg beads, 0.1 

- mM bromophenol blue and 20 - mM sodium dodecyl sulfate in 

buffer A was applied to the column. The absorbance at 595 nm 

of the eluted fraction was noted. Sodium dodecyl sulfate was 

required to prevent aggregation of the beads. 

The dependence of elution position on particle size of 

the CL-2B column was investigated by independently 

chromatographing 60 nm polystyrene beads, hernocyanin and 

hemoglobin. The 60 nm beads were chromatographed under the 

same conditions as the 500 nm beads. The turbidity at 340 nm 

was measured to determine the elution position of the beads. 
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SMALL VESICLE PREPARATION 145 

Hernocyanin and hemoglobin were chromatographed  under  t h e  

same c o n d i t i o n s  a s  t h e  s m a l l  v e s i c l e s .  Hernocyanin and 

hemoglobin  s o l u t i o n s  i n  b u f f e r  A ,  w i t h  p r o t e i n  

c o n c e n t r a t i o n s  of 1 mg/ml, were a p p l i e d  t o  t h e  column. The 

e l u t i o n  p r o f i l e s  of  hemoglobin and hernocyanin were 

r e s p e c t i v e l y  measured  by n o t i n g  t h e  a b s o r b e n c e  a t  410 and 

280 nm. 

RESULTS 

The method used  t o  produce  v e s i c l e s  was based  upon t h e  

r a p i d  d i l u t i o n  of mixed m i c e l l e s  t o  a f i n a l  c o n c e n t r a t i o n  a t  

which t h e  b i l a y e r  s t a t e  w a s  f a v o r e d .  Upon d i l u t i n g  o p t i c a l l y  

t r a n s p a r e n t  o c t y l  g l u c o s i d e - e g g  PC mixed m i c e l l e s  t o  10 

o c t y l  g l u c o s i d e ,  1 &f egg PC, a s l i g h t  amount of  t u r b i d i t y  

(A340 = 0.04,  1 cm p a t h  l e n g t h )  was n o t e d .  No f u r t h e r  change  

i n  t u r b i d i t y  w a s  n o t e d  as a f u n c t i o n  of t i m e  a f t e r  d i l u t i o n ,  

i n d i c a t i n g  t h a t  no a d d i t i o n a l  p a r t i c l e  growth  o c c u r r e d .  

A f t e r  two days  of  d i a l y s i s  of t h e  d i l u t e d  s u s p e n s i o n s ,  a 

f u r t h e r  i n c r e a s e  i n  t u r b i d i t y  was n o t e d  (A = 0.08, 1 cm 

p a t h  l e n g t h ) .  F u r t h e r  d i a l y s i s  o r  s t o r a g e  f o r  up t o  t h r e e  

weeks ( a t  3'CJ w i t h  EDTA) of v e s i c l e  s u s p e n s i o n s  d i d  n o t  

r e s u l t  i n  t h e  deve lopment  of a d d i t i o n a l  t u r b i d i t y .  T h i s  

i n d i c a t e d  t h a t  t h e  v e s i c l e s  were  s t a b l e  w i t h  r e s p e c t  t o  

f u r t h e r  g rowth .  Based on phospha te  and g l u c o s i d e  a n a l y s i s ,  

t h e  p h o p h o l i p i d / o c t y l  g l u c o s i d e  r a t i o  was 1 2 / 1 .  

340 

E l e c t r o n  m i c r o s c o p i c  e x a m i n a t i o n  of t h e  v e s i c l e s  

r e v e a l e d  a p o p u l a t i o n  of p a r t i c l e s  w i t h  15 t o  35 nm 

d i a m e t e r s ,  w i t h  a mean d i a m e t e r  of 20 nm, a s  d e m o n s t r a t e d  i n  

F i g .  1. T h i s  r e s u l t  was o b t a i n e d  w i t h  b o t h  u r a n y l  a c e t a t e  
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146 T. H. VISCHER and D. D. LASIC 

FIGURE 1. Negative stain electron micrograph of vesicle 

preparation with phosphotungstinic acid stain. Bar at the 

bottom represents 100 nm. 
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SMALL VESICLE PREPARATION 147 

2 0  40 60 
Ve (ml) 

FIGURE 2. Elution profile of small vesicle preparation on 

Sepharose CL-4B. Arrows refer to the void volume (V and 

total column volume ( V  ) positions. 
0 
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148 T. H. FISCHER and D. D. LASIC 

30 

20 

E 
C 
v 

u? 
10 

0.2 0.4 0.6 
er i t (  1 - Kav) 

-1 FIGURE 3.  S t o k e s  Rad ius  (Rs)  v s  erf  ( l -Kav)  f o r  

hemoglobin  ( a ) ,  hemocyanin ( b ) ,  s m a l l  v e s i c l e s  ( c )  and 

p o l y s t y r e n e  ( d ) .  
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SMALL VESICLE PRFPARATION 149 

and phosphotungstinic acid stains. The size distribution of 

particles was also analyzed with gel-filtration 

chromatography. A s  demonstrated in Fig. 2 ,  chromatography of 

the vesicle suspensions on Sepharose CL-2B yielded a single, 

approximately symmetrical peak with a K value of 0.66. 

Yield of phospholipid from the column was essentially 

quantitative. These results indicated that the mixed micelle 

dilution procedure described in this communication yielded a 

uniform population of small vesicles which was largely free 

of contamination by larger vesicles and/or multilammelar 

structure. 

av 

The size extimate based on EM measurements was further 
supported by the data depicted in Fig. 3 .  A comparison of 

the elution positions of the small vesicles with hemoglobin 

(Stokes radius ( R  ) = 3.0 nm), hemocyanin ( R  = 9 . 5  nm) and 

polystyrene beads ( R  = 30.0 nm) gave a vesicle diameter of 

28 nm. 

S S 

To obtain a uniform population of small vesicles, it 

was absolutely necessary to maximize the dilution rate of 

the mixed micelle suspension. We attempted to develop a 

procedure for the production of larger vesicles that was 

based on a controlled rate of dilution (-0.01 to -10 mM 

octyl glucoside/sec) of the mixed micelle suspension. This 

procedure resulted in the production of vesicles with a 

heterogeneous (20 to 200 nm) size distribution. Furthermore, 

the characteristics of the size distribution seemed to be a 

stronger function of rheological factors related to the stir 

rate and vessel shape than to the dilution rate. A 

heterogeneously sized vesicle population was probably 

obtained because microscale dilution rate was not uniform. 

- 
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DISCUSSION 

T. H. FISCHER and D. D. LASIC 

The results presented in this study demonstrate that 

small vesicles are formed when the detergent depletion rate 

is maximized. This result, as well as the tendency for 

methods that utilize slower detergent depletion rates to 

produce larger vesicles, 3’8’9’10 can be understood by 

considering recently developed theoretical treatments of the 

vesicle formation process. 

The vesicle formation theory of Danieli 16’ l7 predicts 
that a homogeneous population of small vesicles results when 

the dilution rate is maximized as follows: When the mixed 

micelle suspension i s  diluted below the critical micelle 

concentration (25 g), the octyl glucoside rapidly 

partitions into the aqueous phase, depleting the micelles of 

detergent. To protect the diacyl hydrocarbon chains from a 

polar environment, the micelles must fuse into disc-like 

structures with the detergent largely distributed at the 

disc edges. A s  detergent depletion continues, the disc-like 

micelles undergo additional fusion events t o  minimize the 

total disc circumference of the system. The disc structures 

bend, reducing the circumference even more. Ultimately, when 

the disc-like structures obtain a certain size and/or 

phospholipid-to- detergent ratio, they vesiculate. The final 

vesiculation step eliminates the disc edges. 

16,17 

This mechanism for vesicle formation can be applied 

only above a certain critical time (probably on a 

millisecond timescale) required for micelles to fuse into 

particles large enough t o  vesiculate. The minimum particle 

size required €or vesiculation is expected to be a function D
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SMALL VI.SICLL PRLPARATION 15 1 

of factors that effect the elastic properties of the 

membrane, such as acyl chain structure and residual 

detergent content. The critical time probably depends on 

factors that influence the fusion frequency, such as 

concentration, diffusion coefficients, and efficency of 

fusion. I n  the hypothetical experiment where the detergent 

is removed infinitely fast, the phospholipid would probably 

flocculate. Utilizing the rapid dilution technique outlined 

in this paper, vesicle formation occurs near, but not below, 

the critical time. The disc-like micelles evidently close 

upon themselves as quick as possible, when a geometry 

suitable for vesiculation is obtained, resulting in a 

homogeneously sized preparation of small vesicles. In 

contrast to this result, when detergent is depleted at a 

slower rate (by slowing the dilution rate or with 

dialysis),larger vesicles are obtained. In this case, the 

disc-like micelles have additional time to undergo 

collision-induced fusion before vesiculation occurs. 

In summary, a technique for preparing a homogeneous 

preparation of small vesicles is presented. This result can 

be understood in terms of a) a reduced mixed micelle fusion 

time and b) a substantial residual detergent content, which 

permits a high radius of curvature. 
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