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Synthetic Approach Toward Understanding Glycoprotein Quality Control System 

Kiichiro TOTANI*1

ABSTRUCT :High-mannose-type oligosaccharides have been revealed to play important roles in protein 
quality control. A number of intracellular proteins, such as lectins, chaperones and glycan processing 
enzymes are involved in this process. These include calnexin (CNX) /calreticulin (CRT), 
UDP-Glc:glycoproteinglucosyltransferase (UGGT), glucosidase II, mannosidase I, cargo receptors (VIP36, 
ERGIC-53), mannosidase-like protein (EDEM, Htm1p) and ubiquitinligase (Fbs). They are considered to 
recognize high-mannose-type glycans with subtly different structures, although the precise specificities 
are yet to be clarified. In order to gain clear understanding of these protein-carbohydrate interactions, 
comprehensive synthesis of high-mannose-type glycans was conducted. In addition, two approaches to 
artificial glycoproteins having homogeneous oligosaccharides were investigated. Furthermore, a novel 
substrate of UGGT was discovered. With these synthetic oligosaccharides, quantitative analysis of CRT, 
Fbs 1 and UGGT were carried out. 

Keywords : glycoprotein quality control, calreticulin, Fbs1, UGGT, synthetic oligosaccharide, 
high-mannose-type oligosacharide, artificial glycoprotein 
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!% &�� ���� !����'(��)� Reagents and conditions; (a) MeOTf, ClCH2CH2Cl, 82 %. (b) p-TsOH, 
CH3CN, 74%. (c) Cp2HfCl2, AgOTf, toluene, ~87%. (d) Ac2O, pyr., DMAP, ~98%. (e) 10% HF•pyr, DMF, 1GPa, ~95%. (f) MeOTf, 
DTBMP, ClCH2CH2Cl-cyclohexane, ~93%. (g) ethylenediamine, n-BuOH, 80°C. (h) Ac2O, pyr., 0°C. (i) NaOMe, MeOH, 50°C. (j) 
Pd(OH)2/C, H2, 50% AcOH, ~54%, 4 steps. (k) ethylenediamine, n-BuOH, 80 °C. (l) Ac2O, pyr., DMAP, ~94% (2 steps). (m) 
[Ir(COD)(PMePh2)2]PF6, H2, THF. (n) I2, NaHCO3, H2O-THF. (o) Ac2O, pyr., ~97% (3 steps). (p) Pd(OH)2/C, H2, 60% AcOH-EtOH. 
(q) NaOMe, MeOH, ~89% (2 steps). 
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!% &�� +,�����	�-.� Reagents and conditions : (a) sat. aq. NH4HCO3, 40°C (b) [CH2(I)CO]2O, NaHCO3, 
DMF, 0°C (74%, 2 steps) (c) FmocGlyCl, NaHCO3, dioxane-H2O(1:1), 0°C (d) Piperidine, DMF (~80%, 3 steps) (e) MTX(αtBu), 
DMT-MM, MeOH-H2O (1:1) (f) CF3COOH (~65%, 2 steps) (g) CA, 5M Guanidine, 4°C, 12h (h) DHFR, 2M Guanidine, 4°C, 4h, (i) 
DHFR, rt, < 5min (j) 35A, rt, < 5min. 
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�9� /0123%45���)678�(a) The structure 
of CRT inhibitor 34 and binding constant for CRT-33 
interaction. (b) MALDI-TOF MS spectra for the time course 
of glucosidase II mediated Glc-trimming reactions to 34 and 
Glc1Man9GlcNAc2 (22a). 
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lm� (a) Anomeric region of 1D 1H NMR spectra acquired 
of Glc1Man9GlcNAc2 (18a) in 2H2O, 10 mMTris-HCl buffer, 
10 mM CaCl2 at pH 7.3. CRT was added to the sample 
stepwise; the final ratio of 18a and CRT was 1:1. (B) 
Anomeric region of 1D 1H NMR spectra acquired of 18a + 
18a’ (1:1) without and with 0.5 equiv of CRT. 
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�n� oD` HLK `_D a�)���hijklm

(a) Titration was conducted by injecting 6 µl of 
Glc1Man9GlcNAc2 (300 µM in MOPs buffer) every 3 min 
into buffer solution (MOPs) containing CRT (28 µM). Molar 
heat values plotted as a function of the molar ratio 
([Glc1Man9GlcNAc2]/[CRT]). The solid line represents the 
best-fit binding isotherm. The data were fitted using a single 
site model. (b) Binding constants of carbohydrate-CRT 
interactions were summarized. 
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�G� �)F	HIJK BCCD�HLK>0MN0OPQ  (a) Time course of [3H]-Glc uptake in UGGT reactions for 30E, 22a, 
denatured thyroglobulin (DNTg) and native thyroglobulin (NTg) using UDP[3H]-Glc as a donor substrate.  (b) HPLC analysis 
[TSK-GEL Amide-80 column (0.46 φx 25 cm), 1.0 mL/min at 40 °C, solvent (CH3CN and 3% AcOH-Et3N, pH 7.3, 65:35 to 50:50) 
with a linear gradient in 50 min] of the UGGT-glucosylation of 30E.  (c) MALDI-TOF MS spectra of the HPLC peak I (30E) and II 
(corresponds to Glc1Man9GlcNAc-MTX (30A)).  (d) 1H NMR spectra of synthetic 30A and the resulting UGGT product II in D2O. 
HDO signal was suppressed by DANTE pre-saturation. (e) Differential NOE spectra (trace through the G:C1H resonance) of 30A 
and II. 
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(a) Relative oligosaccharide specificities of UGGT reactions. 
(b) The resulting Km and Vmax values of 30E, 30F, 30G, and 
30H. 
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