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ISOLATION OF GLYCOLIPIDS FROY BLOOD ELF~iVIENI'S 

J. Pickw, J. Vajda- and 1,. Leisztner* 

3~ National Institute of Haematology & Blood Transfusion 

mi Institute o f  Forensic Science 
H-1501 Budapest, P.O.B. 44., Hungary 

H-1903 Budapest, P.O.B. 314/4., Hungary 

ABSTIIPCT 

Several chromatographic e,g. HPI'LC, HPl'C, etc. methods 
have been published in the literature f o r  the separation, 
after sufficient pretreatment, of derivatized o r  non-deriva- 
tized glycolipid samples. 

Our task is tho extraction, isolation and separation of 
the glgcolipids from different blood elements, followed by 
suitable fractionation methods, Biving the lipid classes in 
sufficient purity and quantity for HPN, HPTLC and OPTLC 
measurements and possibly further biochemical use. 

We show the differences between the procedures commonly 
used and that developed 5.n our  laboratory. 

The advantage of our method, which employs 3 cm long 
Broumlee Labs HPLC cartridges, is that it can be automated, 
it gives class fractionation of the lipid samples and as it 
is hardware compatible with HPLC equipment it can be used 
directly in a coupl.ed column system for on line separation 
in the individual class. The development of this column 
coupling method for the fractionation o f  a given lipid class 
from the total lipid extract on an analytical column i s  
under devel-opment . 
Author to whom correspondence shoul-d be sent: Dr. L. T,eisztner 
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2648 PICK,  VAJDA, AND LEISZTNER 

The sample preyarat i  on f o r  m o s t  ins t rumental  ana ly t ica l  
methods i s  a t i q e  aad labnur  consuming process. ‘Phi? i s  
r e a l l v  t m e  i n  the  case of bio logica l  samples and HPTC, a s  
thP co?t lv  HPLC C C I ~ S ~ ~ S  hqvp t o  be protected Srom t h e  var lous 
j r rpverqi  b ly  o r  near  i r r e v e r s i b l y  retained component.: of t h e  
b io logica l  samnl e. ‘!he u.;e o f  shor t  prenar?t ive c o l m n s  T o r  

samp1-c preFarat ion i s  g - t t i n r  very common and i s  f a c i l i t a t e d  
by the  nunerous commercial products avail able  (Sep-Pak, Prep 
iFlutc, Bond $,lute, E r t r e I u t e  f r o m  ‘raters ,  Hamjlton, hnalytichem, 
-1erck - t o  nane a few - respec t ive lv) .  The problem w j  t h  the-e 
i s  t h a t  they are s u i t a b l e  only f o r  manu31 work (I,?) a? the?r 
can not  be i n s t a l l e d  7n a chromatograph. ’:e ciecidod t o  deve lop  
a method s u i t a b l e  l a t e r  f o r  column coupljng. ?’he p o s s j h i l i t y  
o f  column coupling i s  necessary f o r  our ana lys i s ,  as t h e  pre- 
parat ion of  a very small sample can be perlormed with less 
wastage i n  t h a t  way. 

blood elements, a r e  minor components o f  the  c e l l  menbrane. 
The majori ty  of  glycosphingolipids a r e  assumed t o  be present  
a t  the  oute?r l e a f l e t  of plasma membranes and play very i m p o r  
t a n t  b io logica l  r o l e s .  The funct ions of g l g c o l i p i d s  f 3 , 4 )  has 
been increas ingly  examined p a r a l l e l  with the  methodol-ogical 
developments (5 ,6,7,8)  of  i d e n t i f i c a t i o n  during t h e  last few 
years. 

At first on ly  der iva t ized  g lycol ip ids  were separated by 
HPLC (2) with IJV de tec t ion ,  l a t e r  non-derivatized g lycol ip ids  
without on l i n e  de tec t ion  (1-0) monitored by TLC runs. We pre- 
sented non-derivatized g lycol ip id  separat ion with r e f r a c t i v e  
index HI) detec t ion  (11) , on l i n e  de tec t ion  of these  compounds 
w a s  accomplished by Randa and Kushi (8)  a2 206 m. 

The importance o f  t h e  separat ion of  glycosphingolipids 
without d e r i v a t i z a t i o n  i s  t h a t  t h e  separated components can 
then be d i r e c t l y  used f o r  f u r t h e r  biochemical, immunological 
and structural  inves t iga t ions .  

The objec t  oS our inves t iga t ions ,  the  g lycol ip ids  of  

EXPERIMENTAL 

Reagents and mater ia l s .  All t h e  solvents  used were HPLC grade 
purchased from E. Merck (Damstadt ,  F.R.G.). The water emplo- 
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GLYCOLIPIDS FROM BLOOD ELEMENTS 2649 

yed w a s  prepared according t o  Gurkin's method ( 1 2 ) ,  from water 
double d i s t i l l e d  from g la s s  a f t e r  ion-exchange. DEAE Sephadex 
A-25 was obtained from Pharmacia Fine Chemicals AB (Uppsala, 
Sweden) , Staining reagents were prepared f r o m  analyt ical  grade 
chemicals. ODS-GU and SIL-GU car t r idges were purchased from 
Brownlee Labs Inc. (Santa Clara, Cal i f , ,  USA). The HPTLC pla tes  
used f o r  monitoring HPLC f rac t ions  
bought from E. Merck (Darmstadt, P.R.G.). 
T o t a l  l i p i d  extract  was prepared from human lymphocytes. 

and puri ty  checking were 

-. Centrifuge: Janetzki K70 MLU (Leipzig, G.D.R.). 
Incubator: LP 507/1 &abor M I M  (Esztergom, Hungary). 
Chromatographs: HP 1084 A with HP 79875 var iable  wavelength 
UV detector ,  Hewlett Packard (Palo A l t o ,  Cal i f . ,  U S A ) ,  
Beckman 1 1 2  solvent del ivery module, Altex 156 d i f f e ren t i a l  
refractometer, Deckman Instruments Inc. (Berkely, CaSif., USA).  
Fraction col lector :  LKB Minirac 1700, IXB Produkter AB (Bromma, 
Sweden). Data system: HP 5354 Laboratory Automation System, 
Hewlett Packard ( Avondale, Calif., USA ) . 
Methods. 

T o t a l  L i p i d  Extract (TLE) preparation. Lipid extract ion was 
carr ied out s imilar ly  t o  the methods published previously ( 17, 
1 4 ) .  The TLE w a s  extracted f r o m  the l iophi l ized  c e l l s  at  room 
temperature with mild sonication i n  chloroform : methanol mix- 
tu res  i n  the ra t ios  2:1, 1:1, 1:2. The supernatant were col- 
lected together and dried i n  vacuo. The dried TLE w a s  d i s s o l -  
ved i n  chloroform : methanol : water = 30 : 60 : 8 mixture 
(100 m l )  and the  solut ion used f o r  the i so l a t ion  o f  the  l i p i d  
classes  described below. 
I so la t ion  of Acidicx and Neutral Lipids (AcL, NL).  The separa- 
t i on  w a s  performed on a b12 x 70 mm DEAE Sephadex A-25 column 
i n  the acetate  form. The solut ion o f  TLE (100 m l )  w a s  applied 
t o  the column, was washed with 100 m l  of the same solvent, 
then with 50 m l  of methanol, The 750 m l  solut ion issuing from 
the c o l m  w a s  used a f t e r  solvent evaporation (water t races  
were removed with benzene), f o r  the fract ionat ion of neutral  
l i p ids ,  dissolved i n  chloroform, as given l a t e r .  
Acidic l i p i d s  were eluted with 50 ml o f  0.25 M methanolic 
sodium acetate. This portion of the eluent w a s  dr ied i n  vacuo 
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2650 PICK, VAJDA, AND LEISZTNER 

and incubated i n  15 m l  0.1 7.1 methanolic sodium hydr0xid.e a t  
3 7 O C  f o r  2 hours t o  d.estr0.r t h e  alca3.i l a b i l e  phosphol.ipids (PL) - 
:.ie have devel.oped a two ster,  chromatographic method. f o r  t h e  
recovery and isol .a t ion o f  m i d i c  glycol-?-pid.s. The f i r s t  s t e p  
i s  s i n i l ~ a r  t o  t h e  method using Sep-Pak C18 c a r t r i d g e s  ( 2 ) .  
After incubation the  sam~1.e was dr ied  i.n vacuo and t h e  res idue  
was dissol-ved i n  cold (4'C) HULC grade water, neut ra l ize$  very 
ca.reful3.y t o  ?-<pH<5 with 0.5 PI FICl .  The salt concentration 
was fin.al.1-g adjusted t o  0.1 1.I by addlng water. This sample so- 
Lution w s  passed through an 03S-GU c a r t r i d g e  at  A f l o w  r a t e  
of  1 .5 ml./ain, t h e  a c i d i c  qlyco!.ipids being co?.l.eated on the  
col.um.. n f t e r  washing t h e  cartride;e v i t h  30-50 31. o f  water, 
the  gl.wo3.ipids were eluted. by 50 ml. chlorofom : methnnol. = 

1. : 1 mixture. 
- Fract ionat ion o f  Neutral  TJ?: nirls. The n e u t r a l  l.lpid por t ion  
deri.ved f r c J m  3-8 x 10lo lymphocyte cel1.s were taken up 3.n 7 
ml o f  dry ch lorofom and 5 - 70 r-1 a l i q u o t s  were in jec ted .  
Detection was a t  254 : 600 nm, sample : re ie rence  wavelengths, 
a t tenuat ion  0.9 ATJPS f o r  t h e  UV d e t e c t o r  and 1. V a t tenuat ion  
PS € o r  the  IU detec tor .  're employed the  H:P 3.084 B iJC equiped. 
with UV and RI detec tors  coupled i n  s e r i e s ,  wi.th a f r a c t i o n  
c o l l e c t o r  a f t e r  t h e  l as t  de tec tor .  
BJumerous e l u t i o n  p r o f i l e s ,  glven l a t e r ,  were t r i e d ,  o f  which 
the se lec ted  chromatographic condi t ions were: flow 1 ml/min, 
gradient  e l u t i o n ,  solvent  A was chloroform, B w a s  methanol. 
The gradient  s t a r t e d  with 1 min. i s o c r a t i c  100$ A, followed 
by a l i n e a r  increase  t o  100';; B i n  9 minutes, then a l i n e a r  
decrease t o  loo$ A i n  5 minutes. The run ended a f t e r  f u r t h e r  
5 minutes i s o c r a t i c  100% A. This gradient,.No. 5, gave optimal 
r e s u l t s  f o r  our purposes. The separat ion w a s  conducted at  
ambient temperature. I n  addi t ion  t o  on 1-ine de tec t ion  t h e  
f r a c t i o n s  co l lec ted  during t h e  M L ~  were a l s o  monitored by 
p a r a l l e l  TLC runs on s i l i c a  p la tes .  The empty f r a c t i o n s  were 
discarded and those containing t h e  same components (same 
subclass) united.  Of t h e  two chromatograms one w a s  s ta ined  
with 1 : 1 s u l f u r i c  ac id  : water, t o  v i s u a l i z e  a l l  o f  t h e  
components, giving a l s o  a s p e c i f i c  red colour  f o r  choles te ro l  
during heating. The o ther  p l a t e  w a s  s ta ined  with orc inol  re- 
agent,  t h e  n e u t r a l  g lycol ip ids  appearing as purple  spots.  

_. 
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G L Y C O L I P I D S  FROM BLOOD ELEMENTS 2651 

HESUTLCS AND IIISCUSSIOH 

There a r e  severa l  methods f o r  t h e  separat ion o f  t h e  
total .  I.i?ids, derived from bio logica l  sources such as cell.  
membranes, i n  t h e  l i t e r a t u r e .  To have a comparable p i c t u r e  
t h e  common1.y used methodologies have been summarized i n  f l o w  
cha?:ts, shown i n  Figure 1. Comparing fl.owcharts 1, 2 and 3, it 
can be clear3.y seen t h a t  a1.S these methods requi re  a g r e a t  
amount of work, t 5 . m  and mater ia l s ,  especial-ly high p u r i t y  
solvents .  The trend o f  a n a l y s i s  of b io logica l  samples poin ts  
t o  t h e  importance of pretreatment and sample preparat ion ( 7 . 5 ) .  
PecauRe of t h e  high cos t  of I!.PLC grade cheaicals  and ana:l.ytical 
co!un-n:; t h e  use of guard and/or  preco'lumns and rLgorous sample 
pretreatment became mpre and more necessary,  while decreasing 
t h e  time and material. rccpirements o f  t h e  ana lys i s  was al.so 
needed. 

A f u r t h e r  requirement can be inherent  i n  t h e  samples, 
l i k e  i n  our  case. !?he sampSe can be extremely small m o u n t  
m d  unrepeata.bl.e (for example a lymphocyte sanp1.e o f  a leu- 
chemic p a t i e n t  before  chemotherapy) . For t h i s  reason t h e  whole 
analytical .  process has  t o  be prec ise ,  reproduaib? c and mgged. 

The method developed. i n  o w  labora tory  for t h e  separat ion 
of TIIF! i n t o  l i p i d  c l a s s e s  i n  p u r i t y ,  adequate f o r  f u r t h e r  
f r a c t i o n a t i o n  i n t o  separate  l i p i d  types,  has  t h e  advantage o f  
speed, automatebil.i.ty and t h e  poss ib l l . i ty  o f  devel.opment i n t o  
an on l i n e  complete HPLC fyact ionat ion.  

ithe first s t e p  i n  our method of TLX f r a c t i o n a t i o n  i s  t h e  
known T E A X  Sepbadex column chromatography f o r  the isol.ation of 
n e u t r a l  and a c i d i c  3ipid.s. F o r  t h e  following s t e p s  of the se- 
pa.rati.on we appl j  ed Brown3.ee lbabs SITrGTJ a n d  OTIS-GU car t r idges .  

(Pigurc 1) t h a t  the  use o f  smal.1.  c a r t r i d g e  columns f o r  the  c l a s s  
f r a c t i o n a t i o n  a f t e r  t h e  senarat ion of a c i d i c  and n e u t r a l  l i p i d s  
i s  much simpler and more economic i n  terms of labour ,  solvents  
and time. 

The acl d i e  1 i p i d  p u r i f i c a t i o n  with t h e  ODS-GU c a r t r i d g e  
descrlbed i n  the  experimental. p a r t  was checked f o r  purj.ty o f  
the  gangliostde c l a s s  with HPTTL as shown i n  Figure ?. A s  can 
be seen on t h e  chromatogram, only resorcj .nol pos i t ive  COW 

pounds a r e  present.  

Comparing the  flowcha.rts 1, 7 ,  :5 with 4 i t  can be seen 
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T.L.E. U 

FI. 

T.L.E. I 

0 0 
From here on same as #1 

FLOWCHART 82 

FLOWCHART # 1 

Figure 1. P o s s i b l e  work up routes  o f  TlIE. 
PI.ovrcharts #'1 - J from l i t e r a t u r e  data., #4 
showing our method. 
S . p b o l s  used: LL EX. : liqui.d--!iquid ex t rac t ion ,  
LF: l o v e r  phase, UP: upper phase, Ac: acetLTlation, 
3'1 : F l o s i s i l  col.. chroln., Dehc: deacetylat ion,  Dial : 
d i a l y s i s ,  SG: Sephadex G col.chrorn., G:  gas1 i a s i d e s ,  
S :  sulphat ides ,  A1.k: a1 c a l i z a t i o n ,  S i :  s i l i c i c  ac id  
col.. chrom., SI : STY-GU col .  chrom., C18: OW-GU co7.. 
chrom. 
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FLOWCHART #3 

Figure 1 - continued 

T. L.E. cf7 Q 

FLOWCHART 1 4  
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2654 PICK,  VAJDA, AND LEISZTNER 

Figure  2. HI~TLC: s e p a r a t i o n  of  l p p h o c v t e  g a n e l i o s i d e s  t o  show 
t h e i r  p u r i t y .  Sample a m l i c a t i o n s  of 0.5,  1 .5 ,  1.0 
pl o f  gangljoside s o l u t i o n  of  8 x l o 9  lymphocytes i n  
1.0 ml chloroform : methanol = 1 : 2 , 
P l a t e :  5 Y 5 cm iIerck HPrl’T,C Si 60, developing system: 
CFFC13 : t,31s0;-i : 0.07514 KC1/H20 = 60 : 40 : 9 , 
s t a i n i n z  15th resorcinol-HC1, 100°[l, 20 mfn. 
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2655 

iGL - 
3.08 6.15 9.23 12.31 15.2 18.46 21.54 24.62 27.69 30.77 33.85 36.92 40 t (min) 

ll’igure 3. ChroTrlatograms o f  I y q h o c g t e  neutral  l i p i d  f r a c t i o n  
\:rj t h  e l u t i o n  profi!  e 80. 5. 
1. TJV de tec tor  signal, 7. 91 d e t e c t o r  signal. 
CRI,: chol ester01 e s t h e r s ,  CH: choles teso l ,  lJGJ,: 
n e u t m l  y1 ~rcql  i pi6 s.  
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2656 PICK, VAJDA, AND LEISZTNER 

'i'able 1 . ~ , l  u t i  on n r o f i l  e s  t es ted  f o r  the  se:)a.ratl on of neutral  
1 i n i d  c l a s s e s  on L I I 4 I . J  columr~,  e lvents ;  A:ch!oroPon,  
13:nletbaml. 

Tio. 

1. 

7 

-5 

4 

5 

6 

7 

:;n at start 

durat ion Tiin. 
Gradient LX,I.<,PiTS ::I3 at end 

nrofi1.e 
5 4 5 I L 2 

0 0 100 100 0 

5 9  I d 70  
0 100 100 o n  
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2658 PICK, VAJDA, AND LEISZTNER 

I 7. netent ion time s t a b i l i t y  a n d  r e p r o d u c i b i l i t y  o f  
the  separat ion o f  lymphocyte n e u t r a l  l i p i d  frac- 
t i o n  on SZTFCU column. 
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GLYCOLIPIDS FROM BLOOD ELEMENTS 2659 

The n e u t r a l  l i p i d  c l a s s  f r a c t i o n a t i o n  w a s  ca r r ied  out on 
a SILGU column. The dr ied  sample w a s  d issolved i n  c h l o r o f o n ,  
as the  use o f  chloroform-methanol mixtures f o r  sample introduc- 
t i o n  i n t e r f e r e d  with the  separat ion o f  choles te ro l  e s t h e r s  and 
choles te ro l ,  al though it d isso lves  t h e  sample much b e t t e r ,  
Af te r  i s o c r a t i c  exploratory experiments, gradient  runs were 
t r i e d .  The e l u t i o n  p r o f i l e s  t e s t e d  and re levant  da ta  a r e  sum- 
marized i n  Table 1. O f  t h e  severa l  g rad ien ts  t e s t e d  f o r  n e u t r a l  
l i p i d  c l a s s  f r a c t i o n a t i o n ,  No.5, t h e  bes t ,  was selected i n  t h e  
end. The correspondjng chromatograms a r e  shown i n  Figure 7. 
The a i m  w a s  s u f f i c i e n t  separat ion between c l a s s e s  and i f  ?os- 
s j b l e ,  negl igable  separat ion i n  t h e  c l a s s e s  themselves. This 
was t o  make possible  t h e  c o l l e c t i o n  of small f r a c t i o n s  f o r  
t o t a l  recovery, o r  coLumn coupling with the  heart-cut nethod 
f o r  anal-ytical  separat ion of t h e  l i p i d s  o f  a se lec ted  c lass .  
A s  shown on a general  monitoring p l a t e  (Figure 4) the  c l a s s  
separat ion i s  adeouate. 

The s t a b i l i t y  and reproducib i l i ty  of the  method can be 
seen from Table 7,  g iving t h e  r e t e n t i o n  t imes,  t h e i r  average 
values and standard devia t ion  from 1 6  runs. It  can a l s o  be 
seen from t h e  t a b l e ,  t h a t  column performance i s  s t a b l e ,  
there  was no unid i rec t iona l  d r i f t  i n  t h e  yR-tR data.  Choles- 
t e r o l  e s t h e r s  and cholesterol. r e t e n t i o n  times a r e  f r o m  t h e  UV 
s igna l ,  those f o r  n e u t r a l  g lycol ip ids  from t h e  H I  s igna l .  
The r e t e n t i o n  times a r e  corrected f o r  t h c  de lay  causea by the  
connerting tubing betaieen t h e  detectors .  

i s  very good. i\Tumerous sampl e s  can be anal-ysed en a small 
c a r t r i d g e  without any s igni  fi cant  chance i n  systpm behavj oil?, 

a s  can be seen i n  t b r  random charac te r  of  the  var ia t ion  of  
t,>-tR values.  

/is shown by t h e  standarcl dcviati-ons the  reproducibi li ty 
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