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On a biochemically special form of infantile amaurotic idiocy 

Infanti le  amaurot ic  idiocy (Tay-Sachs'  disease) is a genetically dependent,  human  
" inborn error of metabol ism" which is caused by  a storage of gangliosides within 
the  ganglionic cells of the central  nervous system. The gangliosides were discovered 
by  KLENK 1 in the  brain tissue obtained from Tay-Sachs '  cases. He did considerable 
work in characterizing this family of substances. Later,  they  were recognized as 
normal  const i tuents  of nerve cells. In  1959, SVENNERHOLM 2 found tha t  up to 9 ° % 
of the gangliosides stored in this pathological  condit ion are composed of a part icular  
ganglioside which normal ly  accounts  for less then 1% of the gangliosides in the brains 
of children 5. 

The gangliosides are sphingolipids. The lipophilic par t  of the molecule is an amide 
(called "ceramide")  of a higher f a t ty  acid (in the brain predominant ly  stearic acid) 
with the fa t ty  amino alcohol sphingosine. The hydrophil ic  par t  of the molecule is 
a t t ached  to the p r imary  terminal  OH-group of sphingosine. This consists of a muco- 
polysaccharide residue, with building blocks of glucose, galactose, N-acetylgalactos-  
amine and N-acetylneuraminic  acid, in vary ing  chain length and containing varying 
amounts  of N-acetylneuraminic  acid. 

Based on the work of KLENK ~ and BOGOCH 4 and  on his own investigations, 
SVENNERHOOM 5 assigned the s t ructure  of a te trasaccharide (Fig. I, I) to the neura-  
minic acid-free mucopolysaccharide residue of the major  normal  gangfioside, and 
a tr isaccharide configuration (Fig. I ,  II) to the corresponding residue of the Tay-  
Sachs'  ganglioside. He established the chemical relationship between the ceramide 
tetrasaccharide and the ceramide trisaccharide and suggested tha t  the ganglioside 
which accumulates in Tay-Sachs '  disease cannot  undergo normal  metabolic breakdown 
(Fig. I ;  Block B'). 
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Fig: I. Scheme of metabolic blocks in cases of infantile amaurotic idiocy. Block B' or B": block 
giving rise to the storage of Tay-Sachs' ganglioside and Substance II. Block A' or A": special 

form giving rise to the storage of ga'nglioside A ai~d Substance I. 

W e  have found a case of a biochemically special form of late infantile amaurot ic  
idiocy which has been histologically verified e and is described below. In  the brain 

Biochim. Biophys. Acta, 7 ° (i963) 354-356 



PRELIMINARY NOTES 355 

(preserved in formalin for 26 years) of the child Kn. the normal major ganglioside A* 
was stored, while only traces of Tay-Sachs' ganglioside could be detected, and Sub- 
stance II (Fig. I) was not found at all. 

The storage of the Tay-Sachs' ganglioside is accompanied by an accumulation 
of the neuraminic acid-free ceramide trisaccharide (II) This Substance II has already 
been observed by other investigators ld in these pathological brains; however, the 
exact relationship to the Tay-Sachs' ganglioside was never recognized. We have found 

Fig. 2. Thin-layer chromatogram of lipid extracts  of brain tissue from two usual infantile cases 
and from one special form of late infantile, amaurotic idiocy. Adsorbent: 4oo-#-thick layer of 
Kieselgel G, Merck; solvent system : propanol  - conc. ammonia  - water  (6: 2 : i) ; height of the 
solvent front:  15 cm; detection: anisaldehyde sulphuric acid in acetic acid (reagent of Kiigi-  
Miescher). i, 20/~g of neuraminic  acid-free residue of ganglioside Tay-Sachs (RE 0.33) (Fig. I, I I)  ; 
2, 25 ° /*g  of total  lipid ext rac t  of the brain cortex in a case of infantile amaurotic idiocy (fresh 
tissue) ; 3, 20/zg of ganglioside Tay-Sachs (RF o.37) ; 4, 25°/zg of total  lipid ext rac t  of the brain 
cortex in a case of infantile amaurotic idiocy, preserved in formalin for 26 years; 5, 25o/*g of 
total lipid extract of normal brain cortex, preserved in formalin for 26 years; 6, 2o/~g of ganglio- 
side A (RF o.3o); 7, 250 /~g o~ total  lipid extract  of the brain cortex in a special form of late 
infantile amaurotic idiocy, preserved in formalin for 26 years; 8, 2o ~ug of neuraminic acid-free 

residue of ganglioside A (RE 0.26) (Fig. I, I). 

that the storage of ganglioside A is accompanied by a corresponding accumulation 
of the neuraminic acid-free ceramide tetrasaccharide (I). This also occurs as a minor 
component in normal brain tissue. From analysis of fresh brain tissue (Fig. 2), it 
seems unlikely that these substances have arisen from the gangliosides as a result 
of the long storage in formalin s. 

All our findings are consistentwith the scheme, shown in Fig. 1. If it is assumed 
that an enzymic block occurs in the  metabolic breakdown in infantile amaurotic 

: 

* Named by KLENK; ganglioside A, by KUHN: ganglioside Gz and ganglioside Gj, and by 
SVENNERHOLM : major monosialoganglioside. 
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id iocy  this  b lock could exis t  e i ther  in the  degrad ing  ,of the  gangliosides (Blocks A '  
and  B') or in the i r  cor responding neuramin ic  acid-free residues (Blocks A "  and B"). 

The chemical  cha rac te r i za t ion  of the  special  form of a m a u r o t i c  id iocy  was per- 
formed b y  means  of th in - l ayer  c h r o m a t o g r a p h y  (Fig. 2) and  by  compar ison  of the  
RF values  of the  different  subs tances  in 4 solvent  sys tems:  c h l o r o f o r m -  m e t h a n o l -  
wa te r  ( I I  :9:  3) ; n -bu tano l  - py r id ine  - wa te r  (6:4:3)  ; 76 % phenol ;  and  t ha t  i nd ica t ed  
ind ica t ed  in Fig.  2. The  sp ray  used for de tec t ion  (Fig. 2), s t a ined  the  different  classes 
of l ipids sens i t ive ly  and  specifically.  

The gangl iosides  were i sola ted  b y  KLENK'S procedure  s, the  app rop r i a t e  neura-  
minic  acid-free ceramide  sacchar ides  were ob ta ined  b y  self-decomposition4, 5 of the  
gangliosides in the  ac id  form; they  were i sola ted  in a pure  s ta te  b y  column chromatog-  
r a p h y  on wet Floris iP.  
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