Establishment of N-glycan trimming pathway in the endoplasmic reticulum
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Abstract 
Proteins misfolded in the endoplasmic reticulum (ER) are recognized, delivered to retrotranslocation channels, dislocated from the ER to the cytosol, and ubiquitinated and degraded by the proteasome: a pathway collectively termed ER-associated degradation (ERAD). In the glycoprotein ERAD (gpERAD) pathway, two-step mannose trimming from Man9GlcNAc2 (M9) produces oligosaccharides with the α1,6-mannose bond exposed, which is recognized by the lectin ERAD component for subsequent disposal (Ref. 1).
In mammals, how nine mannoses are trimmed in the ER had been discussed but unclear, especially concerning the enzymes that conduct the trimming. MAN1B1 (ER mannosidase I) with a mannosidase homology domain (MHD) was a primary candidate for the trimming from M9 to M8B, but it was clearly demonstrated that endogenous MAN1B1 localized in the Golgi (Pan et al., 2011 MBoC), not in the ER. Other candidates were EDEM1, EDEM2 and EDEM3 containing MHD, of which the enzymatic activities were ambiguous. To investigate functions of endogenous EDEM proteins, we constructed EDEM1, EDEM2 and EDEM3 KO cell lines for both in chicken and human. Comprehensive cellular N-glycan profiling showed strong enzymatic activities of EDEM family proteins, and suggested a new mannose trimming model: EDEM2 performs the trimming from M9 to M8B, and EDEM3 and EDEM1 from M8B (Ref.6) (Image).
However, it was reported that purified EDEM2 exhibited no (Mast et al., 2005 Glycob) or weak (Shenkman et al., 2018 Commu Biol) α1, 2-mannosidase activity in vitro, which contradicts our inference of strong EDEM2 mannosidase activity in cells. Demonstration of the mannosidase activity of EDEM2 toward M9 was therefore our primary goal. Then, we found that EDEM2 underwent stable disulfide bonding with TXNDC11, which was a prerequisite for the enzymatic activity of EDEM2 in cells. Purified EDEM2-TXNDC11 complex clearly converted free oligosaccharides from M9 to M8B (Ref. 2). Thus, our new N-glycan trimming model was strongly supported by the results obtained in cells and in vitro (Image).
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Fig. N-glycan trimmlng model in the endoplasmic reticulum.
Man9 is trimmed by EDEM2-TXNDC11 complex. Man8B is
trimmed mainly by EDEMS3 and to a lesser extent by EDEM1.
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