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EDEM2 stably disulfide-bonded to TXNDCI11 catalyzes the first mannose

trimming step in mammalian glycoprotein ERAD
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In the endoplasmic reticulum (ER), misfolded proteins that cannot be brought back to
their native state are recognized, ubiquitylated and targeted to the cytoplasm for
proteasomal degradation. These processes are collectively termed ER-associated
degradation (ERAD). The ERAD pathway deals with different substrates; hence,
depending on the type of misfolded lesion, ERAD is classified into three pathways,
ERAD-L (ERAD of substrates with misfolded lesions within the ER lumen), ERAD-C
(cytoplasm), or ERAD-M (membrane). ERAD-L deals with the clearance of both
glycosylated (gpERAD-L) and non-glycosylated (non-gpERAD-L) misfolded proteins
from the lumen. The GlcsMangsGIcNAC, sugar moiety is attached to the majority of
nascent polypeptides that are translocated into the ER lumen at an Asn residue, which
is not only important for ensuring the proper topology, but is also essential for their
ERAD if they are unable to gain their native conformation. During the folding process
of glycoproteins, the terminal three glucose residues are trimmed by glucosidase | and
Il sequentially to produce MangsGIcNAc2. In higher eukaryotes, the UDP-glucose
glucosyltransferase (UGGT) repeatedly adds a glucose residue to MansGIcNAc2. The
mono-glucosylated glycoprotein is specifically recognized by two lectin chaperones,
calnexin and calreticulin, and retained in the ER until it gets fully folded. In gpERAD,
the recognition of misfolded glycoproteins requires this N-linked glycan (MansGIcNACz2)
and protein determinant. The recognition of misfolded glycoproteins in yeast gpERAD
has been extensively studied. In this process, sequential mannose trimming from
MansGIcNAc2 to MansGIcNAc2 to Man7GIcNAc2 plays a crucial role. Briefly, Mnslp, an
al,2-mannosidase, catalyzes the first step, conversion of MansGIcNAc2 (M9) to
MansGIcNACc:2 isomer B (M8B); and al,2-mannosidase Htmlp catalyzes the second step,
conversion of M8B to Man7GIcNAc:2 isomer A (M7A) with the al,6-mannose exposed.
M7A oligosaccharides are recognized by lectin Yos9p for subsequent retro-translocation
to the cytoplasm and degradation. In mammalian ER, ER mannosidase | (ERmanl) is
considered to be the sole homolog of Mnsl. In contrast, Htmlp has 3 homologues,




namely EDEM1, EDEM2, and EDEM3. According to the previous model, the
mammalian gpERAD is initiated by ERmanl, which converts M9 to M8B. EDEML1 or
EDEMS3 then carry out the second step, M8B to M7 conversion. However, gene
knockout studies of the mammalian homologues in chicken DT40 cells and human
HCT116 cells indicated that EDEM2 is required for the trimming of M9 to M8B, and
EDEMS3 (primarily) and EDEM1 (partly) are required for the trimming of this M8B
to M7A. MTA is further recognized by lectin proteins OS9 and XTP3B for retro-
translocation to the cytoplasm. However, the confirmation that these homologues as true
mannosidases can be achieved by checking their mannosidase activity in vitro. It was
previously reported that recombinant EDEM2 purified from HEK293 cells showed no
mannosidase activity towards pyridylamine (PA)-tagged M9 or PA-tagged M8 in vitro.
Hence, the mannosidase activity of EDEM2 remains in debate. Interestingly, Htmlp is
stably disulfide-bonded to Pdilp, a protein disulfide isomerase, via the C-terminal
domain. The association with Pdilp leads to introduction of a disulfide bond between
C65 and C445 in the mannosidase homology domain to function as a mannosidase.
The Htmlp-Pdilp complex is able to convert M8B to M7 in vitro.

My present study showed the vital role of the three cysteines (C65, C408 and C558)
in EDEM2 for its mannosidase activity. Among these cysteines, C65 and C408 in the
mannosidase homology domain are strictly conserved in EDEM1, EDEM3 and yeast
Html1p. Both mutations of C65 and C408 to alanine lead to the defects in EDEM2
mannosidase activity and degradation of ERAD substrate CD3-d-TM-HA, suggesting
that C65 and C408 are likely to be linked by intramolecular disulfide bonding. | found
that EDEM2 was stably disulfide-bonded to TXNDC11, an endoplasmic reticulum
protein containing five thioredoxin (Trx)-like domains. C558 present outside of the
mannosidase homology domain of EDEM2 was linked to C692 in Trx5, which solely
contains the CXXC motif in TXNDC11. The C558A mutant of EDEM2 and the C692S
mutant of TXNDC11 did not rescued the defects in mannose trimming and degradation
of CD3-d-TM-HA in EDEM2-KO and TXNDC11-KO cells, respectively. TXNDC11 was
consistently detected as a doublet band after SDS-PAGE. By site directed mutagenesis,
| found that this doublet band is due to alternative translation initiation from M58
residue. Centrifugal fractionation after repeated freezing and thawing of cells indicated
that the M58A mutant was a membrane protein like calnexin, whereas a majority of
the M1A mutant was a calreticulin-like soluble protein. Gene knockout studies of
TXNDCI11 clearly indicated the importance of a stable heterodimer association between
TXNDC11 and EDEMZ2; disruption of TXNDC11 gene lead to the defect in EDEM2
mannosidase activity, and degradation of gpERAD substrates such as ATF6a and CD3-
d-TM-HA is significantly delayed in TXNDC11-KO cells. EDEM2 showed altered
protein conformation in the absence of its stable association with TXNDC11. Most




importantly, | successfully purified the EDEM2-TXNDC11 complex and the complex
extensively converted PA-M9 to PA-MS8 in vitro. The further mannose isomer analysis
showed that the M8 produced by EDEM2 was M8B.

The present study clearly demonstrates the mannosidase activity of EDEM2 towards
free oligosaccharides in vitro, and this effect is even clearer than the case of yeast
Htm1p. Hence, the present study represents the first clear demonstration of in vitro
activity amongst EDEMs family proteins. The notion that EDEM2 catalyzes the first
mannose trimming step and thereby initiates gpERAD is now firmly supported by
both genetic and biochemical analyses.
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