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Only by separating what is known from what is not 
known according to some tentative overall scheme is 
it possible to design experiments applicable to the 
solution of this extremely eomplex interrelationship. 
Since relatively few of the myriad biological variables 
have been considered herein, the conclusions may be 
of only aeademic interest. Any experimental condi- 
tion or dietary alteration which in any way change; 
membrane permeability (exposure to ionizing radia- 
tion, hyper-or hypoxia, various toxic substances such 
as earbon tetraehh)ride or certain organo-phosphorus 
compounds, choline deficiency, various dietary trace 
metals or necrosis of unspecified origin) migl/t effect 
lipid peroxidation in vivo. 
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Abstract 
A eolunm chromatographic procedure is re- 

ported utilizing a dextran gel (Sephadex) for 
the complete separation of the major lipid classes 
from water-soluble no lflipids. Lipids other than 
gangliosides are eluted first with chloroform/ 
methanol 19/1 saturated with water, gangliosides 
with chloroform/methanol/water containing ace- 
tie acid, and water-soluble nonlipids with meth- 
anol/water 1/1. Results for adult human whole 
brain, grey and white matter, and normal infant 
whole brain lipids are presented. With beef brain 
lipid as sample the ganglioside fraction is es- 
sentially pure, but with human brain lipid sam- 
ples only about 70% of the second fraction is gan- 
glioside. All ganglioside and water soluble non- 
lipid of a human spleen chloroform/methanol ex- 
tract was separated front lipids with the proce- 
dure. Control studies with P3'~04~ and Cl4 label- 
led glucose showed that all couuts were present in 
fraction 3. Similar studies with C~4 labelled 
amino acids (glycine, serine, alanine, phenyla- 
lanine) showed that only phenylalanine counts 
were eluted in fraction 2 along" with the ganglio- 
sides. The procedure was applied for removal of 
large amounts of ammonium acetate from DEAE 
cellulose column fractions and for complete re- 

moval of adsorbent and salts from lipids eluted 
from thin-layer ehromatograms. After passage 
through the dextran gel columns, l ipids eluted 
front thin-layer ehromatograms were found to 
give infrared spectra identical to those of pure 
samples obtained by other procedures. 

Introduction 

W ATER-SOLUBLE~ N O N L I P I D  substances (sugars, 
amino acids, and inorganic salts, etc.) are in- 

variably extracted from tissues along with lipids. It  
is necessary to remove nonlipids from lipids for 
determination of total lipid by weighing and to pre- 
vent contamination of column chromatographic frac- 
tions with nonlipids. A convenient, rapid, quantita- 
tive means is also desirable for removal of salts in- 
troduced into lipid preparations by various laboratory 
procedures. Gangliosides, the complex group of water 
soluble lipids, occur in some organs (particularly 
brain) and present an additional problem for it is 
desirable to isolate gangliosides free of other lipids 
and nonlipids for quantitative determination of total 
gangliosides. 

Dialysis, solvent partition, cellulose column chro- 
matography, and DEAE cellulose column chromato- 
graphy have all been used for separation of lipids 
from nonlipids (1-8). The recent report of Wells 
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and Di t tmer  (9) suggested that  the cross-linked dex- 
t ran  gel, Sephadex, would be useful for the column 
chromatographic  separation of lipids front nonlipid 
water-soluble substances. The procedure of Wells and 
Di t tmer  did not give quant i ta t ive separat ion of brain 
lipid in our hands. Gangliosides were eluted pa r t ly  
with other lipids and par t ly  with water  soluble non- 
lipids, and some nonlipid was eluted with lipids. The 
characteristics of the dext ran  gel were investigated 
further.  

This repor t  describes a quant i ta t ive procedure for 
separat ion of water  soluble nonlipids f rom lipids. 
With  the procedure gangliosides are quant i ta t ively 
Muted as a separate  fraction. 

M a t e r i a l s  a n d  M e t h o d s  

Solvents  and Nitrogen 

Reagent grade solvents were redistilled f rom glass 
to remove nonvolatile solids and prepurified nitrogen 
(less than 7 p p m  oxygen) was used for all evapora- 
tions and in general laboratory operations to create 
an inert  atmosphere. All solvent mixtures are ex- 
pressed as volume/volume ratios unless otherwise 
specified. All water-saturated solvents were mixed 
at  25 __+_ 1C. Fa in t ly  turbid mixtures  can be used as 
washing and eluting solvents or the excess of water  
can be removed in a separa tory  funnel  equipped with 
a Teflon stopcock. 

Washing of Sephadex 
A 100-g port ion of Sephadex G-25 (coarse, beaded; 

obtained f rom Pharmae ia  Fine  Chemicals Inc., N.Y.) 
was placed on a coarse grade sintered-glass filter. 
Distilled water  (2 liters) was added, mixed with the 
gel with gentle s t i r r ing and allowed to filter under  
gravity.  The bed was then washed with 2 liters of 
acetone in the saute manner.  The water-acetone wash 
cycle was repeated for  a total of three cycles. The 
bed was then dried with two additional one-liter por- 
tions of acetone, dried for 30 rain on the filter under  
suction f rom a water  pump,  spread over filter paper  
and air-dried overnight in an area free f rom acid and 
other vapors. 

Solvent  Equil ibration and Degass ing  of  Gel 
Air-dried gel (50 g) was placed in a l - l i ter  suction 

flask, 200 ml of methanol /water  1/1 added, the flask 
covered with a luminum foil, and allowed to stand 
overnight for equilibration. Dissolved gases were then 
removed f rom the solvent-equilibrated get under  suc- 
tion f rom a vacuum pump with swirling (to prevent  
bmnping)  for  30 to 60 see. 

Column Preparation for Tissue 
Chloroform/Methanol  Extracts  

A chromatography  tube approximate ly  2.5 em 
(1. D.) and 40 cm loug fitted with a Teflon stopcock 
and a l- l i ter  reservoir  for solvent was used for  brain 
lipid separations. A glass-wool p lug  moistened with 
methanol /water  1/1 was used to retain the gel. The 
gel s lur ry  in methanol /water  1/1 was poured into the 
tube, the walls of the tube washed with methanol /  
water  1/1, and the gel bed washed with 500 ml of 
the same solvent at a gravi ty  flow rate of 5-6 ml /min .  
The wash solvent should be mixed and allowed to 
come to room tempera ture  before use to avoid bubble 
formation.  The final column height was adjusted to 
30 em by aspirat ion of excess gel. Dry,  moderately  
fine grained, reagent  grade sand (previously washed 
with methano l /wa te r  1/1) was poured to a height of 
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about 1 1/2 in. with 2-3 in. of solvent still remaining 
over the bed. The sand was stirred with a glass rod 
to insure that  the top of the bed was even but care 
was taken not to stir into the gel bed. The sand 
prevents  floating of the gel when chloroform-contain- 
ing solvent mixtures  are applied and prevents dis- 
turbance  of the bed dur ing solvent additions. 

Careful  washing of the gel column before sample 
applicat ion is necessary to prevent  appearance of 
" f i n e s "  in the methanol /water  1/1 fract ion and was 
accomplished as follows. The methanol /water  1/1 
solvent used for  packing the column was allowed to 
pass completely into the sand layer  and 500 m[ of 
chloroform/methanol  19/1 saturated with water  (5 ml 
water  per  liter) added. The solvent was passed 
through the bed at a flow rate of 5-6 m! /min  and 
was followed by 1 liter of chloroform/methanol /acet ic  
ac id /wate r  mixture  (prepared  by mixing 5 parts  of 
chloroform/methanol  19/1 with one pa r t  of glacial 
acetic acid and addition of 25 ml of water  per  l i ter) ,  
1.5 liters of methanol /wate r  1/'1, 500 ml of chloro- 
fo rm/methanol  19/1 saturated with water (5 ml 
water  per  l i ter) ,  one liter of the chloroform/meth-  
anol/acetic ac id /water  mixture  above, 1 liter of meth- 
anol /wate r  1/1, and finally 500 ml chloroform/meth-  
anol 19/1 sa turated with water. Wash solvents can 
be passed through the bed at 5-6 ml per  minute dur- 
ing working' hours, the rate being adjusted downward 
at the end of the day  to prevent  the eolunm from 
running  dry  overnight. 

The appearance of i r regular  opaque areas in the 
column can be ignored since column performance is 
not affected to any appreciable extent. When the 
column has been equilibrated for 24-72 hr in meth- 
ano l /wa te r  1/1 before replacement with chloroform/ 
methanol 19/1 sa turated with water  and application 
of the sample, the uneven appearance of the column 
is largely avoided. Each solvent change results in the 
appearance  for a t ime of a two-phase system in the 
effluent (at the solvent f ront ) .  The solvent mixtures 
proper ly  sa turated with water  do not produce signi- 
ficant changes in column height or solvent flow rates. 

Sample Appl icat ion 

Chloroform/methanol  extracted lipid (100-350 rag) 
of brain  and other organs containing water  soluble 
nonlipids was applied in about 5 ml of chloroform/ 
methanol 19/1 sa turated with water  (5 ml wa te r /  
liter) and lipid attd any  suspended solids rinsed in 
with the same solvent. Samples containing large 
amounts of suspended solids can be t ransferred con- 
veniently to the column with a 5 or 10 ml blowout 
type pipet te  with the opening of the t ip enlarged to 
prevent  blockage. Only about I ml of solvent con- 
taining sample should be drawn into the t ransfer  
pipet te  each time to lessen the area of contact and 
the vohnne of solvent required for  complete transfer.  
The t ransfer  pipet te  is rinsed inside and out with 
solvent delivered f rom a 1 ml pipette a f te r  t ransfer  of 
sample is complete. A glass wool plug' (washed with 
ch loroform/methanol /wate r )  is added af ter  sample 
applicat ion to fu r the r  protect  the column surface and 
prevent  sand f rom moving up into the solvent 
reservoir. 

Elution of  Column 

Afte r  sample application, bulk fract ions were col- 
lected at  a flow rate  of 3 ml/min.  ])"our eluting sol- 
vents were used to give three fractions. The solvents 
and volumes collected were : 
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1) 500 ml of chloroform/methanol 19/1 saturated 
with water (5 ml / l i te r ) .  

2) 1000 ml of a mixture of 5 parts  of chloroform/ 
methanol 19/1 (850 ml) and 1 par t  of glacial 
acid (170 ml) to which is added 25 ml of water 
(mix several times in a separatory funnel  with 
a Teflon stopcock and use clear lower phase). 

3) 500 ml of a mixture of 5 parts  of chloroform/ 
methanol 9/1 (425 ml) and 1 par t  glacial 
acetic acid (85 ml) to which is added 21 ml of 
water (mix several times in a separatory funnel 
with a Teflon stopcock and use clear lower 
phase). 

4) 1000 ml of methanol /water  1/1. 

The effluents collected after  application of solvents 2 
and 3 were usually pooled and evaporated together 
as a single fraction. 

Columns are preferably allowed to stand in meth- 
anol /water  1/1 for about 48 hr  before reuse, 500 
ml chloroform/methanol 19/1 saturated with water 
being" passed through the bed just  prior to application 
of another sample. 

~.vaporation and Weighing of t r a c t i o n s  
Handl ing of fractions followed the procedures de- 

seribed by Rouser e t a l .  (7). Each fract ion was 
evaporated below 10C in a rotary (flash) evaporator  
flushed with pure nitrogen. Two cold traps in series 
cooled with a mixture of methyl cellosolve-dry ice 
were used and reduced pressure was provided by a 
vaeumn pump. Solids were t ransferred with small 
volumes of chloroform/methanol 2/1 (fractions 1 
and 2) or methanol /water  4/1 (fraction 3) to 50 nfl 
filtering' flasks and solvent removed on a vacuum 
rack (7) under  a stream of nitrogen provided by in- 
sertion of a rubber stopped fitted with a capillary 
tube and connection to a vacuum pump through the 
side-arm of the flask. The evaporations were carried 
out at low temperature  and the flasks usually became 
caked with ice that melted when all solvent was re- 
moved. The fractions in the small flasks were dried 
to constant weight over K O H  in a vacuum desiccator 
(under  vacuum).  Weighing was accomplished with a 
semi-micro balance with reproducibil i ty of _+ 0.05 rag. 

Thin-Layer Chromatography (TLC) 
One-dimensional TLC was used routinely to 

examine all fractions for lipid components (other than 
gangliosides). TLC was carried out with the silicic 
acid-magnesium silicate adsorbent of Rouser et al. 
(10) prepared by mixing 9 parts  of Silica Gel Plain 
(Warner-Chileott  Laboratories Instruments  Division, 
Richmond, Calif.) with 1 par t  of f inely powdered 
magnesium silicate (Allegheny Industr ial  Chemical 
Co., P. O. Box 786, Butler,  N. J . ) .  The mixture  was 
heated at 120C for 6 hr, cooled in the absence of air, 
g'round and mixed on a ball mill, and kept  in a 
t ightly stoppered bottle. Glass plates 8 in. square 
were spread with a s lurry  of 20 g of adsorbent in 65 
ml of water with a Desaga fixed-distance (250~) 
spreader. The plates were heat activated for  20 min 
at 120C, cooled for 30 rain, spotted with sample ap- 
plied from a microliter syringe, and developed im- 
mediately with the desired solvent. 

Solvents for  one-dimensional ascending TLC were 
the various chloroform/methanol /water  mixtures used 
previously (8,10), mixtures of chloroform/methanol /  
28% (by weight) aqueous ammonia (65/35/5,  65/  
25/4) (8) ; and mixtures of chloroform/acetone/moth- 
anol/aeetie acid/water  (5/2/1/1/0.5, 5/2/1 .5 /1 .5 /1)  
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(8). Two-dimensional TLC was carried out with the 
general technique described previously (8, 10) by 
development with chloroform/methanol /water  or 
chloroform/methanol /aqueous ammonia mixtures, air- 
drying for no more than 10 rain, and development in 
the second dimension with butanol/acetic acid/water  
60/20/20 or one of the chloroform/acetone/methanol /  
acetic acid/water  mixtures (8). All TLC was car- 
ried out in chambers lined on all sides with solvent 
saturated paper. Acidic solvents were always used 
for development in the second dimension to avoid 
destructive changes of lipids brought  about by acid 
during drying  of chromatograms. 

The individual ganglioside components in lipid mix- 
t~res were separated by one dimensional ascending 
TLC using 1-propanol/water  70/30 as solvent in a 
chamber lined with solvent saturated paper. 

The sulfuric acid-potassium dichromate spray reag- 
ent of Blank et al. (11), as modified by Rouser et al. 
(10), was used as a general means for  visualizing 
spots f rom all lipids. Af ter  light spraying with the 
reagent as a fine mist (10), spots were developed at 
180C for 30-60 min in a forced-draf t  oven and ehro- 
matograms photographed with a Polaroid camera 
(12). 

Specific spray reagents used for TLC were ninhy- 
drin (1 mg/ml  in chloroform/methanol /water  4 /4 /1  
mixed with one-quarter volume of lutidiue just  be- 
fore use) followed by heating 3-5 rain at 120C, the 
phosphate spray of Dit tmer  and Lester (13), and the 
resoreinol spray for  neuraminie acid (ganglioside) of 
Svennerholm (14). 

A specific ~-naphthol spray for glycolipids (cere- 
brosides, sulfatides, gangliosides) was developed. A 
0.5% solution of ~-naphthol (reerystallized from 
hexane/chloroform) in methanol /water  1/1 was 
sprayed as a fine mist unti l  the chromatogram was 
damp. The plate was air-dried and sprayed very  
lightly with a fine spray of 95% (by weight) sul- 
furic acid. Color development was achieved by either 
of two procedures. Heating the chromatogram at 
120C unti l  maximum eolor development takes place 
results in product ion of bluish-purple spots for gly- 
colipids and yellow spots for other polar lipid classes 
(cholesterol gives a grey-red spot). I f  the chromato- 
gram is covered with a glass plate to prevent  drying 
and is heated at 120C, gIycolipids give somewhat 
stronger bluish-purple spots and phosphatidyl  ethan- 
olamine gives a yellow spot. Other brain lipids do 
not give spots with this means of color development. 

Paper Chromatographic Methods 

Detection of small amounts of nonlipids in lipid 
fractions was accomplished by ascending paper  chro- 
matography using Whatman 3k~3~[ paper  and the 1- 
butanol/acetic acid/water  (4/1/5,  upper  phase) sol- 
vent  in unlined chambers, as previously described 
(12). For  this purpose solvent was allowed to travel 
at least 12 in. and as much as 2 mg of lipid applied 
to one spot. Such large loads are possible because 
lipids other than gangliosides migrate with or near 
to the solvent front .  

The same general chromatography conditions, but 
with paper  only 8 in. long' and solvent migration of 
6-8 in. in unlined chambers, was used routinely for 
detection of gangliosides in fractions. The different 
gangliosides are not separated to any extent with this 
solvent system and it is thus convenient fo r  de~eetion 
of even traces of all types of gangliosides in fractions. 

Localization of lipids including gangliosides was ae- 



9 1 6  J O U R N A L  0 F  T H E  A M E R I C A N  O I L  C H E 2 g f I S T S '  S O C I E T Y  V O L .  4 2  

T A B L E  I 

Sample wt. Fraction wts. (rag) Recovery 

Sample (rag) 1 2 3 % 

Conditioned columns a 
Whole adult human bra in  244.48 216.30 (88 .47%)  8.55 (3 .49% )  21.38 ( 8 . 7 4 % )  100.7 
Adult human  brain, grey matter  b 326.26 249.95 (76 .69%)  28.23 (8 .65%)  51.39 (16 .05%)  101.4 
Adult human  brain, white mat ter  b 269.20 234.14 (86 .97%)  11.20 (4 .16%)  27.61 (10 .25%)  101.4 
Whole normal 1 day old 

infant  brain 286.72 208.87 (72 .85%)  21.39 ( 7 . 4 6 % )  55.28 (19 .28%)  99.6 
Synthetic mixture ¢ 64.90 34.02 6.12 25.03 100.4 

Unconditioned column a 
Adult human brain, grey matter  268.78 207.33 (77 .14%)  24.72 (9.1.9%) 49.98 (18 .58%)  104.9 

a Columns packed in m e t h a n o l / w a t e r  1 / 1  and cycled two times through the solvents used in the elution scheme. 
~epresentat ive  samples of whole bra in  prepared by quanti tat ive aspi ra t ion of grey matter  from slices of one-half brain. Slices cooled to the 

point where white matter  was solid but grey matter  remained fluid and could be aspirated. 
e CholesteroI, 34.29 rag; beef brain ganglioside, 6.00 rag; water  soluble nonlipids, 24.61 rag'. 
,I Column packed in m e t h a n o l / w a t e r  1 / 1 ,  and washed only with ch loroform/methanol  1 9 / 1  saturated with water  before application of sample. 

eomplished by dipping air-dried (overnight) chro- 
matograms into a 0.001% solution of rhodamine 6G, 
removing excess dye by washing in a pan of water, and 
viewing while wet under  short-wave ultraviolet light. 
After  a short drying time (but when chromatograms 
were still slightly moist), lipid areas were observed 
to stand out par t icular ly  well as bright  yellow spots 
against a purple  background. 

Free  amino acids were detected by spraying with a 
solution of n inhydr in  in 1-butanol (1 mg/ml)  to which 
one-quarter volume of lutidine (or pyridine)  was 
added immediately before use. Chromatograms were 
heated at 120C for severM minutes for color develop- 
ment. A modification of the alkaline silver ni t rate  
procedure of Trevelyan et al. (15) was used for 
localization of spots of polyols and sugars af ter  paper 
chromatography with butanol/acetic acid/water.  The 
chromatogram was par t ia l ly  air-dried (but  not dried 
completely to avoid loss of glycerol or other volatile 
substances) and dipped into an acetone solution of 
silver ni t rate  (0.5 ml saturated aqueous AgN03 per 
100 ml acetone with water (about 1 ml) added drop- 
wise to clar ify the solution) and dried completely in 
air. The paper  was then dipped into 0.5 N ethanolic 
KOI t  for  1-3 rain (maximum color development for 
lipids such as phosphatidyl  inositol requires about 3 
rain), rinsed in tap water, dipped for about 10 see 
in 3% (by weight) aqueous ammonia, rinsed in tap 
water, and dipped for about 30 sec in 3% sodium 
thiosulfate. The entire procedure is carried out in 
enamel or glass trays. With practice, the ammonia and 
sodium thiosulfate washes can be performed to leave 
a pale brown background with dark brown or black 
spots. The spots are stable for  prolonged periods when 
ehromatograms are not exposed to light and air. As 
little as 0.1 t~g of inositol and 1 t~g of phosphatidyl 
inositol were detected with the reagent. 

L i p i d  Standards for Paper and Thin Layer Chromatography 
Tile various brain lipid classes were isolated by 

column chromatography (7). Cardiolipin was isolated 
from lipids of beef hear t  mitochondria by D E A E  
cellulose column chromatography (7). Routine chro- 
matography was accomplished with whole beef brain 
lipids, mitochondrial lipids, and a commercial soy- 
bean phospholipid mixture  (Asoleetin, Associated 
Concentrates, Woodside, Long Island, N.Y.) as stand- 

TABLE 

ards. Brain lipids serve as a convenient sample for 
placement of lecithin, sphingomyelin, phosphatidyl 
serine, phosphatidyl  ethanolamine, cerebrosides, sul- 
fatides, gangliosides, and cholesterol. Beef heart  mi- 
tochondrial lipids were convenient for placing diphos- 
phatidyl glycerol (eardiolipin) on chromatograms 
because of the high content of this lipid and the fact 
that the only other lipid classes present in large 
amount are lecithin and phosphatidyl  ethanolamine. 
The commercial soybean phospholipid mixture was 
used as a convenient sample for placing phosphatidie 
acid and phosphatidyl  inositol on ehromatograms since 
both of these lipid classes are present in relatively 
large amount  in the mixture. Two-dimensional chro- 
matography of the components of beef brain, mito- 
chondrial lipids, and Asoleetin have been presented 
(8,10). 

Dextran G e l  C o l u m n s  f o r  C l e a n u p  o f  L i p i d s  
I s o l a t e d  b y  T h i n - L a y e r  Chromatography 

Small samples of ]ipids eluted from thin-layer 
chromatograms may contain salts and some finely 
divided adsorbent. The extraneous materials can be 
removed completely with a, Sephadex column to give 
a very pure lipid salnple with quantitative recovery 
of the lipid. 

A dextran gel column 0.8 x 12.5 cnl prepared as 
described above using 35 ml of each solvetlt for  column 
conditioning and elution is convenient for  removal 
of salts and adsorbent f rom lipids isolated by TLC. 
A chromatography tube (15 cm long) equipped with 
a 50 ml capacity solvent reservoir bulb and a Teflon 
stopcock is convenient. The lipid samples are applied 
in chloroform/lnethanol 19/1 saturated with water 
and elated with 35 ml of the sanle solvent at a flow 
rate of 0.5 ml/min. Af ter  solvent removal and drying 
to constant weight in a vacuum desiccator over KOH, 
the lipid is weighed and infrared examination (6,7) 
used to denlonstrate puri ty.  

Isotope Labelled Compounds a n d  C o u n t i n g  

Radioactive inorganic phosphate (I }32) was ob- 
tained from Oak Ridge, Tenn., in weak hydrochloric 
acid solution that was neutralized with 1 N NaOH. 
C 14 labelled glucose and amino acids were obtained 
from Nuclear-Chicago (333 E. Howard Ave., Des 
Plaines, Ill.). Counting' was done in a Tri-Oarb scin- 
tillation counter with s tandard PP O -P O P O P  counting 

I I  

Fract ion 

Sample wt. Coun t s / r a in  1 2 3 Recovery 
Sample (mg)  Isotope applied ( c / m i n )  ( c / r a i n )  ( c / r a i n )  % 

Whole adult human brain a 
-~- P '~e 244.48 P'~04 34,560,000 0 0 19,040,000 55.1 e 

Synthetic mixture  containing 
C 14 labelled water  solubles b 64.90 C 1~ 5,903,000 0 805,000 d 5,185,000 101.5 

See Table I for weight recoveries. 
b See Table I for weight recoveries and composition of the mixture. Radioactive amino acids (serine, g'lycine, alanine, and phenylalanine) 

and radioactive glucose were added. 
e Remain ing  P ss was adsorbed on column and glass surfaces. 
d Counts from 01~ phenylalanine. 
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mixtures (3 gm PPO, 100 mg POPOP per liter of 
toluene). The final counting solution was prepared 
by mixing 15 parts  of the counting mixtures with 
1 par t  of hydroxide of Hyamine. 

Results 
The data in Table I show the excellent recoveries 

obtained with several brain samples and a synthetic 
mixture. Recoveries tend to be slightly high even on 
properly conditioned columns. When columns are 
not cycled twice through the elution solvents before 
sample application (unconditioned columns), re- 
coveries are quite high. Fract ion 3 is par t icular ly  
high with unconditioned columns (see comparison of 
grey mat ter  samples on conditioned and unconditioned 
columns, Table I)  since " f i ne s "  are eluted more 
extensively with methanol /water  1/1. I f  an improp- 
erly placed glass-wool plug should allow passage of gel 
into either of the first two fractions, the fractions 
can be freed of gel af ter  evaporation of solvent by 
solution in chloroform/methanol  2/1 and filtration 
through a t ight glass-wool plug (solvent washed) in 
the stem of a small funnel. 

Table I I  illustrates the recoveries of pa2 and C ~4 
added as inorganic phosphate, glucose, and amino 
acids. Inorganic phosphate appears entirely in frac- 
tion 3 as do glucose and the more polar amino acids. 
Phenylalanine appears in fraction 2. 

Figures 1 through 6 illustrate the use of paper and 
thin-layer chromatography for the demonstration of 
components of fractions. Illustrations showing both 
the presence and absence of contaminants in fractions 
are shown. Figure  i shows how contamination of 
fract ion 1 with ganglioside can be detected by TLC, 
and Figure  2 demonstrates the absence of gangliosides 
front h 'aetion i f rom a Sephadex column. Figure  3 
illustrates the detection of TLC of a slight contamina- 
tion of fraction 2 with sulfatide when the column was 
not proper ly  prepared prior  to application of the 
sample. Detection of lipid other than ganglioside in 
fraction 2 by paper  chromatography is i l lustrated in 
Figure  5 (same samples shown in Figure  3) and 
Figure  6 shows complete absence of lipids other than 
gangliosides from fract ion 2 of a proper ly  prepared 
column. Both TLC and paper chromatography are 
very sensitive means for detection of contamination 
of fract ion 2 with lipids other than gangliosides. The 
slight contamination illustrated in Figures 3 and 5 
represents 1 to 3 ~g of l ipid/200 t~g total lipid or 
0.5 to 1.5% of fraction 2 even when chromatography 
conditions are not ideal. The loss of sulfatide in 
fract ion 2 illustrated in Figures 3 and 5 represents 
less than 2% of the total sulfatide in the samples. 
F igure  4 shows ninhydr in  positive components in 
fractions 2 and 3. Most amino acids appear  in frac- 
tion 3 but  a small amount  of less polar material can 
be seen in fract ion 2 from human brain samples. 
This is not seen in fraction 2 with beef brain as 
sample. 

Phosphatidyl  ethanolamine is quite unstable and 
undergoes many decompositions reactions. I t  was 
observed that this lipid class is even less stable af ter  
separation of lipids from gangliosides and salts by 
Sephadex column chromatography. A spot produced 
by decomposition of phosphatidyl ethanolamine can 
be seen on ehromatograms with the proper  solvent 
pairs. The spot (designated as A) is shown in Figures 
1 and 2. Product ion of this ar t i fact  is greatest when 
a small amount of lipid is dried over a large glass 
surface (as during solvent removal veith a ro ta ry  
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FIG. 1. Two-dimenslonal TLC of human brain grey matter 
lipid to illustrate the detection of a trace of ganglioside in 
fraction 1 from a column that  was not prepared properly. 
Lipid (400 pg) was applied in the lower right hand corner and 
the chromatogram developed vertically with chloroform/meth- 
anol/28% by weight aqueous mnmonia (65/35/5),  dried in 
air for 10 rain and developed in the horizontal direction with 
chloroform/acetone/methanol/glacial acetic acid/water 5 /2 /1 /  
1/0.5. Spots were localized with sulfuric acid-potassium di- 
chromate reagent. Note the presence of gangliosides (at  the 
point of application) in the fraction. Compare with Figure 2 
showing the absence of ganglioside in fraction 1 from a column 
properly washed and equilibrated. 

A, artifact formed by decomposition of phosphatidyl ethanola- 
mine; CN, cerebroside with normal fa t ty  acids; CH, cerebro- 
side with hydroxy fat ty  acids; PE,  phosphatidyl ethanolamine; 
SN, sulfatide with nonhydroxy fa t ty  acids; SH, sulfatide with 
hydroxy fa t ty  acids; DPG, disphophatidyl glycerol (card]o- 
l ip]n);  L, lecithin; S, sphingomyelin; G, gang]los]des; PI ,  
phosphatidyl inositol; PS, phosphatidyl serine; PA, phos- 
phatidic acid. 

Fro. 2. Two dimensional TLC of fraction 1 from a Sephadex 
column, with adult hmnan brain white matter as sample, 
illustrating the absence of ganglioside and the components 
present in fraction 1. Lipid (400 ~g) was applied in the 
lower right hand corner. See legend of Figure 1 for chroma- 
tography conditions and abbreviations. 

FIG. 3. One dimensional TLC developed with chloroform/ 
methanol/water 65/25/4 (char spray), showing a slight con- 
tam]nation with sulfur]de of fraction 2 from an improperly 
prepared Sephadex co]mnn. Applications were: 1) 250 #g 
whole brain lipid; 2, 3, and 4) 200 ~g each of fraction 2 from 
whole brain, grey matter, and white matter, respectively; 
5, 6, and 7) 200 ug each of fraction 3 from whole brain, grey 
matter, and white nmtter, respeetSvely; 8) 10 ~g of pure 
sulfatide. Even though contamination of fraction 2 with sulfa- 
tide was detected, the contamination was very low (0.5 to 2% 
of the total fraction 2 or less than 2% of the total sulfatide 
present in the brain samples as determined by the charring 
densitometry technique (10)).  Compare with paper chromato- 
graphic results in Fig. 5 with the same ganglioside fractions. 

Fro. 4. One dimensional paper chromatogram developed with 
1-butanol/acetic acid/water (4/1/5, upper phase) and sprayed 
with ninhydrin reagent to show amino acids and other nin- 
hydrin positive substances in fractions 2 and 3 from Sephadex 
columns. Applications were: 1) 400 t~g of whole brain lipid 
before passage through a Sephadex column showing ninhydrin 
positive lipid spreading back from the solvent front  and amino 
acids in the lower one-half of the chromatogram; 2, 3, and 4) 
100 ~g each of fraction 2 from Sephadex column with samples 
of whole brain, grey matter, and white matter, respectively, 
showing some ninhydrin positive nonlipid in the fraction (always 
obtained with human brain samples but not with beef brain) ; 
5, 6, and 7) 100 #g of fraction 3 from the same Sephadex 
columns, demonstrating that most amino acid appears in fraction 
3 (Table If). 
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FIG. 5. One dimensional paper  chromatogram prepared as 
described for  F igure  6 bu t  stained wi th  rhodamine 6G. The 
chromatogram il lustrates the presence of a trace of sulfat ide 
in the ganglioside fract ions f rom an improperly prepared coI- 
umu (compare Fig.  3). The absence of su]fatide f rom the 
ganglioside f ract ion when all chromatography conditions are 
proper  is shown in F igure  6. Applicat ions were:  1) 250 b~g 
whole brain lipid (showing lipid as a large spot spreading back 
f rom the solvent f ron t  and ganglioside spots be low) ;  2, 3, 
and 4) 100 #g each of fract ion 2 f rom whole brain,  grey matter ,  
and white matter ,  respectively, showing a trace of lipid (sulfa- 
t ide) as a purple spot jus t  behind the solvent f ron t  and the 
br ight  yellow spots of gangliosides. 

~IG. 6. Pape r  chromatogram prepared  as described for  Fig.  4 
and stained with rhodamine 6G to show complete absence of 
]ipids other than gangliosides f rom fract ion 2 of a properly 
prepared column. 

evapora tor) ,  with increase in t empera tu re  and with 
increased exposure to air. The decomposition reaction 
appears  to be related to oxidation at a surface that  
is accelerated by heat. 

A colorimetric assay procedure for gangliosides 
with a-naphthol and pure  beef brMn ganglioside as 
s tandard  was used to show tha t  fract ion 2 f rom the 
Sephadex columns with beef brain was very pure  
ganglioside. Wi th  human  brain, the assay procedure 
indicated tha t  about  30% of fract ion 2 was nonlipid. 

Table I shows several interest ing features of hu- 
man brain lipid chloroform/methanol  extracts. _Adult 
whole brain contains less ganglioside and water  solu- 
ble nonlipids tharl whole immature  brain ( a one-day- 
old infant.). Adul t  brain grey ma t t e r  is, however, 
very similar to whole infant  brain with respect to 
the relative amounts  of the three fractions, al though 
TLC shows the distribution of lipid classes in f ract ion 
1 to be very  different for adul t  brain grey mat te r  and 
whole infant  brain. Although adult  brain white 
mat te r  contains a lower proport ion of gangliosides 
than  grey matter ,  the total amount  of gangliosides of 
brain present  in white mat ter  is about the same as 
that  in grey mat te r  because white mat te r  contains 
much more lipid (16). The values for  human  brain 
lipids in Table I are the most accurate thus fa r  pre- 
sented. The whole brain samples were t ru ly  repre- 
sentative of Whole brain  and were not subject  to 
regional differences since an aliquot was removed for  
extraction af ter  homogenization of whole brain. Sim- 
i larly the values for grey and white mat te r  are rep- 
resentative of whole brain and not subject to regional 
variations result ing f rom sampl ing  a small port ion 
of brain since the samples of grey and white mat te r  
were isolated qua~ltitatively f rom slices of one-half of 
a brain specimen (16). Table I I I  presents a useful 
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tabulation of total l ipid values of adul t  and infant  
brains. 

The dextran  gel column procedure  was used for  
separat ion of the lipids of beef brain and human 
spleen. The gangtioside fract ion f rom beef brain was 
almost pure  in contrast  to that  p repared  f rom human 
brain. A relat ively large ganglioside fract ion (3.3% 
of the total lipid) was obtained f rom spleen. Separa-  
tions were very successful with subcellular particle 
prepara t ions  (nuclei, myelin, mitochondria,  micro- 
somes, ribosomes, and nerve ending particles) f rom 
beef brain. The procedure for p repara t ion  of the sub- 
cellular particle utilized centr i fugat ion in solutions 
of diodrast  and sucrose and hence both these sub- 
stances were present  to vary ing  extents in the pre- 
parations.  Sucrose was present  only in fract ion 3, 
but diodrast was eluted in fract ion 2. 

Samples containing as much as 5 g of ammonium 
acetate (obtained by  elution of D E A E  cellulose 
columns with a ch loroform/methanol /ammonium ace- 
tate nfixture) were applied to the 2.5 x 30 em columns 
and lipid separated quant i ta t ively f rom salt. The dex- 
t ran  gel columns are somewhat more convenient than 
the multiple evaporat ion technique used previously 
for  ammonium acetate removal (7) since the column 
procedure requires less at tention and all of the salt 
is removed relat ively rapidly.  

Several difficulties are encountered in the prepara-  
tion of pure  lipid samples by TLC. Contaminants are 
of two types:  l ipid and other solvent soluble sub- 
stances taken up by the adsorbent during" processing 
or by exposure of the adsorbent  to air, and silicates 
and other salts f rom the adsorbent itself. Sephadex 
columns are useful for  removal of silicates and other 
types of salts front lipids eluted f rom TLC. We have 
invar iably found tha t  removal of lipid contaminants 
by solvent wash prior  to TLC along with care to pre- 
vent introduction of addit ional contaminants  by ex- 
posure to air eliminates lipid and other soluble con- 
taminants.  The combination of careful  washing" of 
adsorbent  prior to TLC and Sephadex column ehro- 
n la tography for  removal of salt and adsorbent im- 
puri t ies eluted with lipid has given pure  preparat ions 
of the more stable lipids in almost quanti tat ive yield 
(98 to 102%). 

Discussion 
Dialysis in water  against  water  has been used as a 

means of removal of water  soluble nonlipids f rom 
lipids, but it is difficult to per form quantitatively. 
Foleh et al. (1) introduced a modified dialysis proce- 
dure performed by layer ing 50 volumes of water over 
a vessel containing 1 volume of chloroform/methanol  
2/1 extract.  We have experielaeed difficulties in mak- 
ing this procedure quantitative.  In  our hands ganglio- 
sides and water  soluble nonlipids that  appear  largely 
in the upper  methanol /wate r  phase are not always re- 
moved quant i ta t ively f rom the lower phase, and some 
lipid is lost in the upper  phase. The large volume of 
solvent required for  dialysis presents major  difficulties 
when even moderately large volumes of chloroform/ 
methanol extract  are to be processed. 

Folch et al. (2) subsequently described a procedure 

TABLE I I I  
Lipid Content of I-Iuman Brain 

Av. fresh C/M Extract ttfO Lipid in C/M Lipid Lipid Total Lipid 
wt. (gin) (% fresh wt) % extract (%) " (% freshwt)" (% drywt) a inbrain (gin) ~ 

Adult whole normal brain b 1250 11.9 78.3 88.5 10.5 48.4 131.2 
Infant whole normal brain c 590 6.2 85.8 74.3 4.6 32.4 27.1 

a Excluding gangliosides. 
b Average 5 brains. 
c One brain only. 
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for removal of water-soluble nonlipid (along with 
gangliosides) from chloroform/methanol extracts by 
washing extracts with aqueous salt sohitions. When 
these procedures were introduced, no satisfactory 
means were available for demonstration of compIete- 
ness of removal of water soluble nonlipid from the 
lower lipid phase and the presence of relatively small 
amounts of lipid in the upper  salt phase. Although 
widely used, difficulties have been encountered with 
the Folch procedure. Berman and Gatt  (17) found 
that ganglioside in chloroform/methanol extracts of 
Tay-Saehs disease brain remained for the most par t  
in the chloroform phase, and Therr iaul t  (18) reported 
the presence of water-soluble nonlipids in the chloro- 
form phase of brain extracts af ter  a Folch aqueous 
salt solution wash. I t  is now generally recognized that  
small amounts of sulfatides and pbosphatidyl  serine 
appear  in the upper  phase with the Folch wash proce- 
dure. We have observed that use of this procedure 
for removal of sucrose from chloroform/methanol ex- 
tracts of beef heart  mitochondria (obtained by ten- 
t r i fugat ion from sucrose sohItions) results in the 
removal of sucrose, but introduces salt into the lipid 
phase and leaves the total water soluble nonlipid con- 
tent  almost the same as before washing. 

Lea and Rhodes (3) and Smith (4) reported the 
use of cellulose column chromatography for removal 
of nonlipids from lipid extracts, and Svennerhohn 
(5) described a cellulose column procedure for in- 
complete separation of brain extracts into three frac- 
tions composed largely of lipids (other than ganglio- 
sides), gangliosides, and water-soluble nonlipids. 
Rouser et al. (6) reported difficulties in reproducibil- 
i ty of the Svennerholm type of cellulose chromatogra- 
phy  and in a later report  (16) described a modified 
cellulose eolmnn procedure allowing the almost com- 
plete separation of lipids (other than gangliosides) 
f rom gangliosides and nonlipid water soluble sub- 
stances. Repeated attempts to obtain quantitative sep- 
aration of gangliosides f rom water-soluble nonlipids 
failed and with the best procedure devised traces of 
phosphatidyl  serine and sulfatide appeared with the 
ganglioside-water soluble nonlipid fraction. 

Rouser et al. (6) reported the separation of water- 
soluble nonlipids f rom brain lipids (including gang- 
liosides) on D E A E  cellulose columns. Gangliosides 
were eluted with phosphatidyl serine from D E A E  and 
separated on a silieic acid colmnn. Later,  Rouser et 
al. (7) reported a modified elution scheme for D E A E  
columns with which water soluble nonlipids were 
eluted in one fract ion (free of lipid) and phosphatidyl 
serine and gangliosides were eluted separately. The 
D E A E  procedure has provided the only reliable 
values for total lipid, ganglioside, and water-soluble 
nonlipids in brain extracts unti l  recently. 

The report  of Wells and Dit tmer  (9) indicated 
that column chromatography with Sephadex would 
provide a suitable means for separation of water 
sohlble nonlipids f rom lipids. The procedure in our 
hands was not satisfactory as a quanti tat ive method. 
Water  solubles are not easily separated from lipids 
with the solvents of high polari ty recommended by 
these investigators; gangliosides (not studied by 
Wells and Dit tmer)  appear in par t  with the lipids 
in the first fract ion and par t ly  with water-soluble 
nonlipids. Moreover, the solvent mixtures used in 
their procedure cause changes in the gel bed volume 
that make reuse of columns with reproducible per- 
formance impossible and " f i ne s "  appear  in column 
effluents. 

The new dextran gel procedure described above is 
very reproducible and the columns can be reused re- 
peatedly if not allowed to run d ry  or if  bubble forma- 
tion from changes in temperature  are prevented. The 
bed does not swell or shrink to any appreciable extent 
with the solvents used. The procedure gives a com- 
plete and wide separation of the other lipid classes 
from gangliosides as well as gangliosides from most 
water soluble nonlipids. Traces of the least polar 
amino acids (phenylalanine and tyrosine) appear  with 
gangliosides. Diodrast introduced in the preparat ion 
of subeellular particles of brain was found to be 
eluted with gangliosides. The procedure is essentially 
quantitat ive for each fract ion and isotope experiments 
demonstrate that even minute traces of most water 
solubles are not eluted with gangIiosides. This is in 
contrast to the results reported by Wells and Dittmer. 

When the proport ion of methanol or methanol /  
water in chloroform is increased for  elution of lipids, 
gangliosides are eluted, at least in part ,  with the other 
lipids. Attempts to elute pure gangliosides free of 
non-lipids with chloroform/methanol /water  or chloro- 
form/methanol /ammonia  mixtures were unsuccessful 
despite trials with many solvent ratios. Fract ion 
overlap, although sometimes small, was always demon- 
strable. With the solvent mixture containing acetic 
acid, a ganglioside fraction free of other lipids is 
obtained from beef and human brain. Ganglioside is 
contaminated with traces of less polar amino acids 
in human brain lipid. In the weakly acidic system the 
lipid character of gangliosides is increased since 
ionization of the earboxyl group is decreased. This 
polari ty and solubility change is adequate for  separa- 
tion of gangliosides f rom most nonlipids. Some gel 
filtration may take place and increase retention of 
water soluble nonlipids. 

The present procedure is recommended for general 
application to tissue lipid extracts and is reeom- 
mended as a substitute for  cellulose column chroma- 
tography in the procedure of Rouser et al. (16), 
utilizing cellulose and D E A E  columns followed by 
TLC, for quanti tat ive analysis of components of lipid 
extracts. 
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