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Introduction 

S. cerevisiae Hog stomach 

 UDP-glucose 
CG formation 

Glucosylceramide (GlcCer) was most effective for CG formation 
by the extracts of hog gastric mucosa and human fibroblasts. 

In vitro sterol glucosyltransferase assays were performed  
with various kinds of glycolipid. 

Animal sterol glucosyltransferase transfers glucose moiety from GlcCer to cholesterol to form CG.  

Animal sterol glucosyltransferase does not utilize 
UDP-glucose as an immediate glucose donor. 
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Human sterol glucosyltransferase was localized  
at lipid raft fraction. 
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GlcCer is an essential substrate 
for animal sterol glucosyltransferase in the cell. 

Results 

Heat stress induced a rapid glycosylation of membrane cholesterol  
in human fetal lung fibroblast cells, TIG-3. 

 Heat shock rapidly induced CG formation, and    
     subsequent  HSF1(heat shock transcription  
     factor 1) activation and HSP induction occurred.  
 

 CG itself induced HSF1 activation and following  
     HSP induction when CG was added to a  

cultured human fibroblasts.  
 

 CG administered orally strongly inhibits gastric     
     ulcer formation in rats under cold-restraint stress. 
 

(Kunimoto et al., Cell Struct. Funct., 2002)  

CG might act as a crucial lipid mediator of HSP induction  

(Kunimoto et al., Cell Struct. Funct., 2003)  

Hypothesis of our research 

Sterol glucosyltransferase

CG-synthesizing enzyme, sterol glucosyltransferase, functions as 
 a thermal stress signal transducer which has not yet been identified.  

The activity of UDPG-SGTase was 
increased in the presence of Me2+.  

Hog stomach 
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 Isolate the 
gastric mucosa 

Lipid analysis 

Enzyme reaction 

Human cultured cells 

Fetal lung fibroblasts TIG-3 

Detection of sterol glucosyltransferase activity 
in the animal tissue and cultured cells 
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 Hog gastric mucosa 
 Human fibroblasts 
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Enzyme 
reaction 

Hog gastric 
mucosa extract 

Analysis of glucose transfer from GlcCer to cholesterol  
by hog gastric mucosa extract 

Molecular formula 12C27
13C6H56O6 

Molecular Weight  554.4  

0.2 mM lipids +  0.6 mM glucose aq. Rhodamine-labeled PE: 0.5 mol% 

 Before CG 
production 

 After CG 
production 

C16 Glucosyl ( ) Ceramide GlcCer 15 0 
C16 Ceramide Cer 0 15 
Cholesteryl glucoside CG 0 15 
Cholesterol chol 25 10 
18:1 Phosphatidylcholine DOPC 40 40 
16:0 Phosphatidylcholine DPPC 20 20 

In vitro sterol glucosyltransferase assays were performed 
without or with UDP-glucose. 

Human fibroblasts 

Glucose donor 

Hog gastric mucosa 14C-CG 
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 (Kunimoto et al., Cell Stress & Chaperones, 2000) 

1 

Examination of the substrate specificity of animal sterol glucosyltransferase  
using fluorescence-labeled cholesterol (NBD-cholesterol).  

Examination of the substrate specificity of animal sterol glucosyltransferase  
using radiolabeled cholesterol ([14C]cholesterol).  

Animal sterol glucosyltransferase is considered to be  
a novel-type enzyme.  

Purpose of our research 
Identification of animal sterol glucosyltransferase 

Plants and fungi 

Sterol 
Sitosterol 
Ergosterol 
Poriferasterol 
Campesterol 
Stigmasterol etc. 

UDP-glucose:sterol glucosyltransferase (UDPG-SGTase) 

Steryl glucoside    UDP-glucose  
  

Glucosyltransferase 

Animals 

Animal sterol glucosyltransferase gene sharing homology with  
known UDPG-SGTase was not found. 

Warnecke et al., Plant Mol. Biol. 1997, Warnecke et al., J. Biol. Chem. 1999,  
Lebrun et al., J. Biol. Chem., 2006, etc.  

UDPG-SGTase gene has not yet been identified in animals.  

Characterization of animal sterol glucosyltransferase 

6 

NBD-cholesterol  UDP-Glucose  
→  NBD-cholesteryl glucoside (CG) 

Verification of possible mechanism of  
CG formation in the animal cell membrane 

Using two types of artificially produced liposome mimicking the membrane 
state before and after CG production, the effects caused by CG formation on 

the physical properties and domain thermostability was verified.  

A certain domain,  
formed by heat stress,  

may act as  
a signaling platform  

in heat stress responses 
or as a primary 

defense mechanism  
against the harmful  

effects of heat stress.  

Novel hypothetical heat stress response reactions in the animal 

Animal sterol glucosyltransferase which localizes at lipid raft may acts as 
a thermal signal transducer of heat shock responses in the animal cell. 

Animal sterol glucosyltransferase is a novel-type enzyme. 

Conclusion 

GlcCer Ceramide 

Cholesterol 

Lipid raft 
Glucose 
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myelin 

Melting of lipid raft 

Heat stress 

Alteration of membrane fluidity 

Trans-
ferase 

CG GlcCer 

Thermostable domain 

HSF1 activation 

HSP induction 

Lipid raft 
Signaling scaffold  

Especially rich in signaling 
proteins and lipids 

Treatment with 
heat or membrane fluidizer 

Alteration of membrane fluidity 

Reorganization of lipid rafts 

HSF1 activation 

HSP induction 

Nagy, E. et al. PNAS, 2007 

? 

Trans-
ferase 

Transfer of the glucose moiety from GlcCer to cholesterol changed membrane  
physical properties and formed thermostable solid-ordered domains. 

40  

Melted at 35-40  Melted at 45  
Domain

20  

  

Liquid-ordered phase (lipid raft) Solid-ordered phase 

The lipid rafts were isolated from human fibroblasts, TIG-3 cells. 

Lipids       (%) 

White part : liquid disordered (Ld) phase, 
                   the dye rhodamine-labeled PE was seen to be localized at Ld phase.  
Circular dark domain :  
                   ordered phase which was enriched in glycosphingolipid and cholesterol.  

surface  in-section 
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surface  in-section 

Mass spectrometry 
analysis 
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12C-CG +13C-CG 
[(12M+13M) Na]+ 
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1131.84462 
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hGlcT-1  

4 

In vitro sterol glucosyltransferase 
assays were performed  

with or without exogenous GlcCer.  

 GM-95 cells : a B16 melanoma mutant that does not express ceramide glucosyltransferase (GlcT-1) 
 GM95-hGlcT-1 cells : GM-95 cells transfected with human GlcT-1 cDNA 
 TIG-3 cells as a control : Human fetal lung fibroblasts 

GlcCer formation 
+ + + UDP-Glucose 

TIG-3 GM95 
GM95 -
hGlcT-1  

The expression of GlcT-1 in the 
cells was confirmed by in vitro 
determination of GlcT-1 activity 
using C6-NBD-Ceramide and 
UDP-glucose as a substrate.  
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