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Summary 

Thin-layer gels can be made with agarose and used to assess within a few 
minutes the efficiency with which multilamellar vesicles are converted to small 
unilamellar ones by sonication. A fluorescent lipid marker or vesicle-encap- 
sulated solute permits continuous monitoring of  the chromatography. Advan- 
tages over agarose gel column chromatography include speed of  analysis, small 
sample size, the possibility of  running multiple samples simultaneously, and 
direct accessibility to fluorescence microscopy. This approach should also be 
useful in the study of  l iposome-lipoprotein interactions and in affinity chroma- 
tography of liposomes. 

Small unilamellar vesicles are used in a variety of  physico-chemical, cell 
biological, and medical studies [1--3] .  They are usually obtained by sonication 
of  multilamellar lipid dispersions, and it is generally important  to know how 
effective was the sonication in producing small unilamellar vesicles. The answer 
has most  often been obtained by agarose gel chromatography in a column, ac- 
cording to methods developed by Huang [4] .  However, column chromato- 
graphy has several drawbacks for analytical use: first, the reduction in vesicle 
size is assessed only after all of  the lipid has been eluted from the column; 
second, only one sample at a time can be analyzed per column; third, rela- 
tively large sample size is required (an advantage for preparative purposes). 

*To whom all correspondence, including requests for reprints, should be addressed. 
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In this report  we describe the development of  thin-layer chromatographic 
methods for quickly assessing the efficiency of  liposome* sonication. Other, 
broader areas of  application for this technique will become apparent as well. 

Thin-layer chromatography with Sephadex gel was first described by Determam 
for the determination of protein molecular weight [5] .  For our purpose 
Sepharose 4B (Pharmacia), an agarose gel with the appropriate range of size 
discrimination, was used insLead. Fig. 1A shows the construction of  a support  
for the gel bed, and Fig. l b  shows the position of the support  during a chromato- 
graphic run. The support  was made from thoroughly cleaned glass plates, held 
together by tape. Sheets of  dry Whatman No. 1 filter paper (4.6 × l 0  cm) 
were attached to the bed support  with masking tape. With the support  hori- 
zontal, approximately 3 ml of a slurry of Sepharose 4B (33 mg dry particle 
weight per ml of the desired elution buffer) was spread onto the bed support 
using a spoon, starting from the center of  the bed and moving toward the 
filter paper wicks. Additional slurry was used to assure contact  between the 
wicks and gel bed. Uptake of  excess buffer by the wicks took  5--10 min. Any 
disturbance of  the gel during this stage resulted in a layer of uneven thickness, 
but  such uneveness had only minor effects on the elution pattern. As soon as the 
bed had dried to a dull, matted appearance, it could be readied for use by 
cutting the wicks to 6 cm in length, mounting a glass cover plate, and immersing 
both  wicks in reservoirs containing the eluent. Eluent flows from the upper to 
the lower reservoir because of  capillary and the hydrostat ic pressure difference. 
No special precaution (e.g. a moist chamber) was required to prevent the gel from 
drying out. 

For preparation of  test liposomes we used a mixture of 2.5 mg of the fluores- 
cent lipid N-4-nitrobenzo-2-oxa-l,3-diazole phosphatidylethanolamine (de-exci- 
tation approx. 470; demission approx. 545) and 50 mg of dioleoyl phosphatidyl- 
choline (both from Avanti Biochemicals Inc., Birmingham, AL). The presence 
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Fig. 1. The  gel b e d  s u p p o r t .  A.  End :v i ew .  The  side p l a t e s  are  a t t a c h e d  to  t he  base  p l a t e  b y  s t r ips  o f  
S c o t c h  m a g i c  t a p e  ( s t r iped  areas)  f o l d e d  b a c k  o n  t hemse lve s  w i t h  edges  a w a y  f r o m  the  gel; a b s o l u t e  
w a t e r - t i g h t n e s s  o f  t he  t ape - sea l  is neces sa ry  t o  p r e v e n t  l e akage  o f  e l u e n t  a n d  d i s t o r t i o n  o f  t h e  f l ow  
p a t t e r n .  This  c a n  be  g u a r a n t e e d  b y  a p p l y i n g  s i l icone  grease  b e t w e e n  side- a n d  ba se -p l a t e  b e h i n d  the  
t ape .  B. P o s i t i o n  o f  the  s u p p o r t  d u r i n g  c h r o m a t o g r a p h y .  F o r  t he  glass p l a t e s  we  u s e d  s e c t i o n s  o f  pre-  
s c o r e d  2 0 ×  2 0  c m  c h r o m a t o g r a p h y  p l a t e s  ( A n a l t e c h ,  N e w a r k ,  DE) ,  wi th  the  sil ica gel r e m o v e d .  The  
16 ° angle  is n o t  c r i t ica l ;  a l a rge r  angle  w o u l d  still  a l low a g o o d  ( and  fas te r )  s e p a r a t i o n .  

* I n  t h i s  r e p o r t  t h e  t e r m s  " l i p o s o m e '  a n d  ' v e s i c l e '  w i l l  b e  u s e d  i n t e r c h a n g e a b l y .  
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of 5 mol% N-4-nitrobenzo-2-oxa-l,3-diazole phosphatidylethanolamine did not  
affect formation of  small unilamellar vesicles or the characteristics (size, stability) 
of  the formed vesicles. Lipid purity was assessed as in previous studies [6] .  The 
mixture was evaporated to dryness from benzene under a stream of argon and 
lyophilized overnight. The lipid film was dispersed by vortex-mixing in 5 ml of  
phosphate-buffered saline (pH 7.4). Part of  the resulting multilamellar vesicle 
preparation was sonicated under argon at about  30°C for periods of up to 1 h 
with a Heat Systems sonicator equipped with a titanium microprobe. 

To test the resolution of  the Sepharose 4B thin-layer, we mixed vesicles 
sonicated for 1 h with unsonicated ones, added purified [6] carboxyfluores- 
cein (Eastman Kodak Co., Rochester,  NY) to a final concentration of  20 M, 
and chromatographed the resulting mixture. The separate consti tuents were 
run simultaneously on the same plate. After 75 min the chromatogram was 
photographed under long-wavelength ultraviolet light (see Fig. 2A). There was 
excellent separation of  multilamellar from small unilamellar vesicles, while 
separation of the latter from carboxyfluorescein was relatively poor.  Some 
of the unsonicated vesicles remained at the origin, in part representing 
vesicles too  large to enter the gel. 

Fig. 2B shows the spots obtained with liposome preparations subjected to 
increasing times of  sonication. Samples sonicated for 2, 5, 15, and 60 min, 
had, respectively, a turbid, heavily opalescent, and clear appearance. Obviously, 

7 
A 

E u 6  

"0  
~ 5  

e 4  
01 
O~ 
c 3  
0 

® 2  
U 
e- 

" o 0  

A 

0 b c d 

4~.- MLV---~ 

i - -  SUV---~ 

~- ' -CF 

~- or ig in  --~ 

B 

0 b c d 

] 

7 ~  
m. 
Ul 

6 ~  
3 
C~ 

5 • 
.DJ 

4 ° 3 
tQ 

3 ~  

2 c r  
Q. 

3 
0 V 

J 
Fig. 2. Th in - l aye r  gel c h r o m a t o g r a m s  of  l i posome  p r e p a r a t i o n s  on  Sephaxose 4B. L i p o s o m e s  were  pre- 
pa red  as descr ibed  in the  text .  A. Reso lu t ion  of  mu l t l l ame l l a r  vesicles (MLV)  and  free solute .  10 #1 
samples  (100  #g to ta l  l ipid) of  mu l t i l ame l l a r  (a),  small  un i l amel la r  vesicles (b),  1:1 ( w / w )  m i x t u r e  o f  
mul t i l ame l l a r  and  small  un i l amel la r  vesicles plus 20 /JM free c a r b o x y f l u o r e s c e i n  (c), an d  20 #M free ca rboxy-  
f luorescein  (d) were  appl ied using a 5/J1 O x f o r d  mic rop ipe t t e .  Careful  app l ica t ion  of  the  spo t  was imo 
p o r t a n t  to a good  separa t ion ,  and the  Oxfo rd  p ipe t t e  was cons iderab ly  e a s i e r  t o  c o n t r o l  t h a n  others  
tried. C h r o m a t o E r a p h y  was s t oppe d  a f t e r  69 vain by  levelling t h e  p l a t e  a n d  r e m o v i n g  t h e  p a p e r  wicks. 
B. Dis t r ibu t ion  of  l i posome  sizes a f t e r  d i f f e r e n t  t imes  of  sonica t ion .  10 #1 samples  of  l i p o s o m e  prepara-  
t ion  s o n i c a t e d  f o r  2 rain (a), 5 rain (b),  15 m i n  (c), and  60  rain (d) were  appl ied  t o  t h e  gel. ChromatO-  
g raphy  was s t o p p e d  a f t e r  73 rain. The  sharp cent ra l  s t reaks  are  due  to sca t te r ing  f r o m  scorings o n  t h e  
glass. 
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a 15-min sonication was not  sufficient to convert all multilamellar vesicles 
into small unilamellar ones. In contrast  to Fig. 2A, no lipid remained at the 
origin, indicating that sonication for as little as 2 min sufficed to break pp 
very large structures (and to form substantial amounts of small unilamellar 
vesicle). 

For quantitative analysis a mixed vesicle preparation similar to that  in Fig. 
2A was chromatographed. The thin-layer was then scanned for fluorescence. 
As shown in Fig. 3, multilamellar vesicles were well separated from small uni- 
lamellar ones within a total distance of about  6 cm. 

The fluorescent spots on a similar gel were studied in situ with a fluores- 
cence microscope (Fig. 4). At the origin (A) some very large liposomes (arrow) 
remained, and all of  the gel beads had fluorescent rims, probably because of 
adsorption of  vesicle lipid. In the spots containing carboxyfluorescein (B) and 
small unilamellar vesicles (C), the gel beads appeared uniformly fluorescent, 
indicating free dye and vesicles, respectively, inside the beads. At the outer  
edge of  the multilamellar vesicle spot  (D), by contrast, fluorescence was main- 
ly observed outside the beads, as expected.  Some gel beads had brightly 
fluorescent rims, probably corresponding to adsorbed vesicle lipid. Vesicles 
also appeared between beads (arrow). 

We also chromatographed vesicles with 14C-labelled lipid, but  the results 
were less satisfactory; if the gel were dried for scanning of  the tracer, the elution 
pattern became somewhat  blurred, and the gel surface tended to crack. In any 
case, fluorescent labeling has the advantage over radiotracers that the chromato- 
graphic process can be monitored continuously.  As an alternative to intrinsic 
fluorescent dyes (e.g. N-4-nitrobenzo-2-oxa-l,3-diazole phosphatidylethanol- 
amine in our experiments) vesicles could be labeled with lipophilic fluoro- 
phore just prior to chromatography.  

Advantages of  the thin-layer method over conventional column gel chroma- 
tography include (1) the possibility of  running several samples simultaneously 
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Fig.  3. F l u o r e s c e n c e  scan  of  a th in - l aye r  S e p h a r o s e  4B gel c h r o m a t o ~ a m .  The  scan was  o b t a i n e d  wi th  
a f ibe r -op t i c  th in - l aye r  s c anne r  a t t a c h e d  to a f l u o r i m e t e r  ( bo th  f r o m  A m e r i c a n  I n s t r u m e n t  Co.,  Si lver  
Spr ing ,  MD).  Scan-speed  was  1.5 c m / m i n  wi th  e x c i t a t i o n  at  4 7 0  n m  a n d  e m i s s i o n  at  520  n m .  10 pl 
(100  pg  to ta l  l ipid)  o f  a 1 :1  ( w / w )  M L V / S U V  ( m u l t i l a m e U a r / s m a n  un i l ame l l a r  ves ic le)  p r e p a r a t i o n  ( s e e  
t ex t ) ,  c o n t a i n i n g  4 M free  c a x b o x y f l u o r e s c e i n  was  app l i ed  to  the  gel. C h r o m a t o g r a p h y  was  s t o p p e d  a f t e r  
93 rain.  A r r o w s  ind ica te  ends  of  the  gel bed.  Or. Or ig in ;  a.u. ,  a rb i t r a ry  uni ts .  
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Fig.  4. F l u o r e s c e n c e  m i c r o s c o p y  of  a S e p h a r o s e  4B th in - l aye r  gel a f t e r  c h r o m a t o g r a p h y  o f  the  m i x t u r e  
used  for  the  scan in Fig.  3. P ic tu res  were  t a k e n  t h r o u g h  a Zeiss Universa l  f u o r e s c e n c e  m i c r o s c o p e  wi th  
f i l te r  c o m b i n a t i o n  fo r  f luoresce in .  A, or ig in ;  B, c a r b o x y f l u o r e s c e i n  spot ;  C, smal l  u n i l a m e U a r  vesicle spot ;  
D, o u t e r  edge  of  m u l t i l a m e l l a r  vesicle  spot .  A r r o w s :  see tex t .  M a g n i f i c a t i o n  100 × .  

on the same gel; (2) speed. A gross impression of  the vesicle size distribution 
can be obtained after as little as 10 min of elution time; and (3) the very small 
size of  the samples applied. In the experiments reported here we applied 100 
pg of  vesicle lipid, which gave very bright fluorescent spots {Fig. 2) easily 
detectible on fluorescence scans (Fig. 3). The data indicate that  the sensitivity 
of  the method is 1--10 gg of  total lipid, depending on the conditions of  the 
experiment and the fluorescent probe used. 

After the experiments reported here, we found that the speed of  chromato- 
graphy could be doubled by substituting a cross-linked agarose {Sepharose CL-4B) 
for Sepharose 4B. Solvent f low through the bed could also be manipulated 
by changing the inclination of the plate, by altering reservoir levels, or by 



1 5 6  

changing the thickness of the wicks The separation of small unilamellar 
vesicles from low molecular weight solutes such as carboxyfluorescein was 
improved considerably by combining a dextran stacking gel (e.g. Sephadex 
G-50) with a Sepharose 4B separation gel. This was done by pouring the two 
gels simultaneously onto the support, separating them initially with a thin 
polystyrene blade positioned perpendicular to the gel. After 3 min the blade 
was carefully withdrawn. 

With inclusion of sodium azide (0.1%) and adequate pH buffering in the 
eluent, the thin layer can be run like a conveyor belt for at least several weeks 
of routine use; previously applied material simply runs into the lower reser- 
voir. In addition to its use in assessing efficiency of sonication, agarose thin- 
layer gel chromatography should prove immediately applicable to liposome- 
lipoprotein interactions [7] and to affinity chromatography of liposomes. 
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