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Enzymatic synthesis of trisialoganglioside by particulate fractions of rat liver 
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Summary. Rat liver contains a particulate (membrane-bound) glycosyl transferase, concentrated in Golgi apparatus 
fractions, which catalyzes the synthesis of a trisialoganglioside from the ganglioside precursor disialohematoside (Gin). 
Sialic acid was not incorporated into exogenous Gma from CMP-N-acetylneuraminic acid suggesting that GD1 a is an 
endproduct of the monosialoganglioside pathway. Thus, the disialoganglioside pathway may be a primary source of 
trisialoganglioside and higher ganglioside homologs in adult rat liver. 

Elucidation of the pathways of ganglioside biosynthesis has 
come primarily from studies of ganglioside ~lycosyltrans- 
ferases in brain 1-7. Studies by Kaufman et al? showed that 
the monosialogangliosides GM3 , GM2 and GM18, and the 
disialoganglioside Gma of the monosialoganglioside path- 
way were synthesized sequentially; the product of one 
glycosyl transferase acted as the substrate for the next 
transferase in the sequence. A 2nd pathway of ganglioside 
biosynthesis was indicated from experiments in which GM3 
was shown to accept a 2nd moiety of sialic acid from CMP- 
NAN to form the disialoganglioside GD33. Further sequen- 
tial synthesis resulted in the disialogangliosides GD24 and 
GDlb ~, and the corresponding trisialoganglioside GTlb 6. In 
previous studies from our laboratory, enzymes of the 
monosialoganglioside pathway (LacCer---) GM3 ~ GM2 --) 
GM~ --) Gma ) were localized in Golgi apparatus fractions of 
rat liver% The possibility of a 2nd pathway, the disialogan- 
glioside pathway (GM3---> GD3 ~ Gin--* GDIb, etc.), was 
provided by demonstration of the formation of GD3 by a 
CMP-NAN: GM3 sialyltransferase 9. In the present report 
we present evidence that GD3 accepts a 3rd sialic acid in a 
reaction catalyzed by an enzymatic activity of the Golgi 
apparatus. 
Materials and methods. Fractions: Golgi apparatus were 
according to Morr61~ Total particulate fractions were as 
describedl< Protein was determined by the Lowry et al} 2 
procedure. 
Sialyltransferase assay: The procedure of Keenan et al. 9 
was followed (table). Unreacted substrate and degradation 
products were removed from glycolipids by paper chroma- 
tography ~3. Reaction mixtures were applied to 3MM 
Whatman paper strips and developed overnight in 1% 
sodium tetraborate. The origins were cut out, placed in 
vials containing 15 ml of chloroform: methanol:water 
(2:1:0.2 v/v), and incubated at 37 ~ for l h. Papers were 
removed, the extracts evaporated to dryness and radioactiv- 
ity determined. 

Product characterization: Methanol-terminated reaction 
mixtures were evaporated to dryness and the residue was 
extracted twice with chloroform: methanol (1:1, v/v). This 
extract was spotted on silica gel G thin layer plates which 
were then developed in chloroform : methanol: ammonium 
hydroxide : water (60: 35 : 7: 3, v/v) with appropriate stan- 
dards. Bands in each lane which cochromatographed with 
the standards were scraped into vials and radioactivity 
determined. Methyl benzethonium hydroxide (1 ml) and 
toluene-based scintillation fluid (15 ml) were added to each 
vial before determination of radioactivity. 
Results. Disialohematoside, GD3 , accepted a 3rd sialic 
acid moiety from CMP-N-acetylneuraminic acid via an 
enzyme-catalyzed reaction of relatively high specific activi- 
ty. The product of this reaction cochromatographed with 
authentic brain trisialoganglioside. The specific activity was 
comparable to that of the sialyltransferase catalyzing the 
transfer of a 2nd sialic acid to GM1 with the formation of 
the disialoganglioside Gma. Both activities were found in 
Golgi apparatus. In other experiments (data not shown), 
conversions of Go3 to G m by transfer of N-acetylgalactosa- 
mine from UDP-N-acetylgalactosamine and Gol b to GT1 b 
by transfer of N-acetylneuraminic acid from CMP-N- 
acetylneuraminic acid were observed at rates of 13 and 
5 pmoles/h/mg protein, respectively with total particulate 
fractions. However, using the same reaction conditions and 
GDI a as acceptor, no significant incorporation of sialic acid 
was observed; we found no evidence for formation of a 
ganglioside corresponding to GTI a. 
Discussion. A sialyltransferase activity was identified which 
catalyzed the incorporation of a 3rd moiety of sialic acid 
from CMP-N-acetylneuraminic acid with Go3 as acceptor; 
this branch of the disialoganglioside pathway may be an 
important source of trisialoganglioside in liver. GM1 served 
as an acceptor for the synthesis of Gma but not of GDI b 
(see, however, Arce et al. 14) in agreement with findings of 
Yip ~5. In other experiments in which incorporation of sialic 

Ganglioside sialyltransferase activities of total particulate (TP) and Golgi apparatus (GA) fractions and chromatographic properties of 
the products of the reaction 

Specific activity, pmoles/h/mg protein 
Enzymatic activity GM I/GD3 GD l a G D l a GD l b GT 
acceptor ~ product TP TP GA TP GA 

A GMI~ GDla 
plus GM1 acceptor 
minus acceptor (endogenous) 
net 

B GD3 ~ GT3 
plus OD3 acceptor 
minus acceptor (endogenous) 
net 

127-t-7 67+3 618_+7 364+ 11 951_+ 11 
189_+4 31 _+2 26+ 1 782_+ 54 951_+ 5 

36+_ 1 592_+ 8 0 

54 _+ 1 1,366 _+ 3 
24 _+ 1 946 _+ 3 
30_+0 420+ 1 

Sialyltransferase assays contained in a total volume of 0.1 ml: 600 gg Tween 80-Triton CF-54 (1:2, w/w), 50 nmoles glycolipid acceptor 
(GMI or GD3), 50 nmoles CMP-N-acetylneuraminic acid (5x 106 cpm/Ixmole), 15 lamoles sodium cacodylate, 0.1 lamoles MgC12 and 
50 ~tl of membrane suspension (125-300 gg protein), final pH 6.6. Radioactive products were scraped from TLC plates at regions 
corresponding to authentic GM1 , GDIa, GDI b or G T from bovine brain and radioactivity determined (see text). Values are from 2 
experiments + mean average deviations. 
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acid was localized in endogenous ganglioside products by 
thin layer chromatography, incorporation into GD~ b was at 
least 30 times that of incorporation into GD1 a. With total 
particulate fractions, the branch point enzyme of the disia- 
loganglioside pathway, CMP-N-acetylneuraminic acid: 
GM3 sialyltransferase, was 36 times more active than the 
UDP-N-acetylgalactosamine: GM3 N-acetylgalactosaminyl- 
transferase, the entry enzyme into the monosialoganglio- 
side pathway 9. Thus, the synthesis of higher homologues of 
disialogangliosides in rat liver apparently occurs predomi- 
nantly if not exclusively via the disialoganglioside pathway; 
CMP-N-acetylneuraminic acid was not incorporated into 
GD1 . by either total particulate or Golgi apparatus fractions 
of rat liver suggesting that GD1 a is an endproduct of the 
monosialoganglioside pathway in this tissue. 
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Mise en ~vidence d'une activit~ a-amylasique dans les lysosomes d'AspergiUus oryzae 

a-Amylase activity in lysosomes ofAspergillus oryzae 

Jacqueline Bata, Paulette Vallier et L. Colobert l 
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Summary. The a-amylase of mycelial cells ofAspergillus oryzae exists in a particular form in 8000 g pellet. The lysosomal 
localization of acid phosphatase is confirmed by electron microscopy. The purification of lysosomes by discontinuous 
gradient of sucrose in D20 shows that a-amylase activity is bound to these particles. 

De nombreux travaux ont 6td entrepris sur ta forme soluble 
de l 'a-amylase d'Aspergillus oryzae libdrde en quantit6 
importante lorsque la lyse cellulaire dtbute 2-4. Un site de 
fixation de l 'enzyme a 6t6 dtceld sur la paroi cellulaire du 
mycdlium 5. La prtsence d'a-amylase a dgalement 6t6 
ddmontrde dans la mebrane cellulaire de Bacillus amyloli- 
quefaciens 6. Dans les cellules d'aleurone d'orge, on 
retrouve, h ex3td d'une forte proportion d'a-amylase soluble, 

7 5-25% de cette enzyme sons forme part iculaire.  Par ail- 
leurs l 'hydrolyse intralysosomique du glycogtne sons l'ac- 
tion de l 'a-glucosidase ou maltase acide a 6td dtmontrde 
dans les htpatocytes humains s. L'a-amylase est capable 
d'initier une telle hydrolyse. 
Dans le prtsent travail aprts la mise en dvidence de 
lysosomes darts les cellules mycdliales d'Aspergillus oryzae 
nous avons recherchd l'existence d'une activitd a-amylasi- 
que lysosomique. 
Materiel et m~thodes. Aspergillus oryzae (CBS 129.49) est 
cultivd en milieu liquide ajustd ~t pH 6,5, sons agitation et 
avec circulation d'air. La culture est effectude ~ 30 ~ et 
dure 40 h. Le terme de la culture correspond au milieu de 
la phase exponentielle de croissance. Les cellules myct- 
liales sont isoltes du milieu de culture, lavdes et remises en 
suspension, puis soumises ~ une digestion enzymatique de 
la paroi cellulaire sons l 'action du suc digestif d'Helix 
pomatia suivant la mdthode de Greenawalt et al. 9. Le 
broyage est ensuite effectu6 ~t l 'aide de l'homogdndiseur 

Potter-Elvhejehm type C. La fraction mitochondriale 
recueillie entre 1500 et 8000 g est lavte 3 fois et dtposde sur 
un gradient discontinu constitud de 14 couches de solutions 
de saccharose dans un tampon tris-HC1 50 mM EDTA 
1 mM, pH 7, rtalis6 dans l 'eau lourde. Les concentrations 
en saccharose de ces solutions varient de 49% ~t 7% (densitds 
1,26-1,13). Les prottines sont dostes par la mdthode de 
Lowry et al. 1~ L'activitd a-amylasique est mesur6e en 
tampon ac6tate-acide acttique 50 mM, NaC1 20 mM, 
pH 5,5 par diminution de l'intensit6 de la coloration du 
complexe bleu formd entre l 'amylose et Fiode ~1. Le dosage 
de la phosphatase acide s'effectue par la mesure du para- 
nitrophtnol libdr6 ~t partir de paranitrophtnyl  phosphate ~t 
pH 312. La cytochrome-oxydase est dosde par disparation 
du cytochrome C rdduit h 550 nm et ~t pH 7,1413 tandis que 
la NADH-cytochrome C oxydor6ductase se caracttrise par  
l 'apparition de cette forme rdduite, ~t pH 7 en tampon 
phosphate 80 mM, cyanure de potassium 0,3 mM, rotdnone 
0,15.10 -3 mM 14. La raise en dvidence de la phosphatase 
acide au microscope dlectronique se fait par une modifica- 
tion de la mtthode de Gomori  15 aprts  inclusion du mycd- 
lium dans la gtlose et fixation par le glutaralddhyde 3,5% 
pendant 4 h 16. On prdpare dgalement un tdmoin sans 
substrat. L'inclusion est rdalisde dans une rtsine 6poxy. 
R~sultats et discussion. La figure 1 confirme la localisation 
lysosomique de la phosphatase acide dans les cellules 
myctliales d'Aspergillus oryzae. Dans des spores fongiques, 


