






Figure 2. Analysis of glycan interactions. RBD and ACE2 are shown in cartoon representations in yellow and
blue, respectively. (a) Comparison of glycan coverage of RBD-ACE2 complex. RBD glycan at N330 (or N343)
and N357 are shown in orange and magenta colors, respectively. ACE2 glycans at N53, N90, N103, N322, N432,
and N546 are shown in purple, blue, cyan, red, green, and grey colors, respectively. (b) Average number of
contacts between ACE2 glycans at N90 and N322 and RBD residues of SARS-CoV-2 (left) and SARS-CoV
(right) with glycosylation scheme #1 defined in Fig. S1. (c) Sample configurations of relevant glycans around
RBDs of (left) SARS-CoV-2 and (right) SARS-CoV. Results from simulations of glycosylation scheme #2 are
shown in Fig. S4.

at N357 occludes this binding site. Most mutations of T324, which eliminate the ACE2 glycan at N322, reduce
binding between ACE2 and SARS-CoV-2 RBD.24 The absence of the RBD glycan at N370 in SARS-CoV-2 has
also been suggested to increase the availability of the open spike conformation since a complex N370 glycan, when
artificially introduced in SARS-CoV-2, can wrap around and tie the RBD down like a shoelace.25

In contrast to the ACE2 glycan at N322, the N90 glycan contact pattern displays glycosylation scheme depen-
dence. The ACE2 glycan at N90 interacts with similar RBD residues for both coronaviruses with glycosylation
scheme #2 (Fig. S4b). However, with glycosylation scheme #1, the ACE2 glycan at N90 makes more contacts with
the SARS-CoV RBD (Fig. 2b). The glycan at N90 differs (in number) by one sugar between the two glycosylation
schemes adopted in this study (Fig. S1). The presence of the charged sialic acid (scheme #1) in the glycan at N90
may influence contact between this glycan and RBD. In general, the interacting RBD residues are mostly outside
the RBM with the exception of Y491 in SARS-CoV (Tables S1 and S2). However, the larger ACE2 glycan (scheme
#1) at N90 makes fewer contacts with the SARS-CoV-2 RBD, and three contacting RBD residues are in the RBM
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(Table S1). The contact poses and interacting RBD residues for the ACE2 glycan at N90 are found to be similar
(scheme #2) between both coronaviruses as shown in Fig. 3. Direct RBD contact of the glycan at N90, which is
similar for both coronaviruses with glycan scheme #2, can strengthen overall ACE2-RBD binding (Fig. S4b). How-
ever, the difference in contacts between the ACE2 glycan at N90 and RBD with glycosylation scheme #1 indicates
that overall ACE2-RBD interactions of SARS-CoV-2 can be impacted by the nature of the ACE2 glycan at N90.

Contact analysis between RBD and ACE2 shows that some ACE2 residues in the ranges E23-N42, L79-Y83,
M323-N330, and K353-R357 interacts predominantly with RBDs of both coronaviruses (Fig. S5a-c). Average
number of contacts for interacting residues in these ranges are shown in Table S3. Therefore, similar to the glycan-
shielding effect reported for the spike protein itself,13 ACE2 glycans interacting with the aforementioned ACE2
residues suppress RBD-ACE2 binding and, consequently, may provide protection against coronavirus infections.
Using MD simulation of ACE2 without RBD, Mehdipour and Hummer demonstrated that the ACE2 glycan at
N90 provides the largest surface coverage compared to other ACE2 glycans.16 In the presence of RBDs, we
observe that the glycan at N90 interacts with ACE2 residues in a region that overlaps with RBD-ACE2 interactions
(residues E23-N42) for both coronaviruses. Average number ACE2 contacts of the ACE2 glycan at N90 for both
coronaviruses are provided in Table S4. Note that the ACE2 glycan at N90 makes more contact with ACE2 at
the ACE2-RBD interfaces of the SARS-CoV RBD compared to the SARS-CoV-2 RBD. Therefore, the proposed

Figure 3. Sample poses for interactions between the ACE2 glycan at N90 and RBD residues of (a) SARS-CoV-2
and (b) SARS-CoV using glycosylation scheme #2 described in Fig. S1. Average number of contacts values are
provided in Table S2.

role16, 24 of the ACE2 glycan at N90 for protection against viral infection is further supported. More direct evidence
of the protective role of the ACE2 glycan at N90 has been provided by point mutations of N90 and/or T92. With
the exception of T92S, these mutations eliminate the N90 glycosylation. Elimination of the glycosylation at N90
was shown to reduce binding of SARS-CoV-2.24 Furthermore, replacing human ACE2 residues 90 to 93 by civet
ACE2 residues leads to NLTV → DAKI mutations, also eliminating the N90 glycosylation site. Experimental
results demonstrated that the binding affinity of SARS-CoV is reduced because of these mutations.26 The net effect
of the ACE2 glycan at N90 on coronavirus-ACE2 binding is the combination of these two opposing effects. On
the one hand N90 provides protection via occluding the ACE2 residues in the binding interface and on the other it
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enhances binding by direct interaction with the RBD. The net effect is thus not only coronavirus specific, but also
glycosylation scheme dependent.

In conclusion, we determined the roles of ACE2 glycans at N90 and N322 and demonstrated that the ACE2
glycan at N322 contributes to the higher binding affinity of SARS-CoV-2 RBD to ACE2. The ACE2 glycan at N322
facilitates the binding of ACE2 with SARS-CoV-2, while it is occluded by the RBD glycan at N357 in SARS-CoV
(N370 in SARS-CoV-2). Therefore, the loss of the glycan at N370 in the RBD of SARS-CoV-2 may be part of its
evolution towards stronger virus-host binding. Collectively, we elucidated the roles of different ACE2 glycans in
RBD binding and highlighted the differences in glycan-RBD interactions between two coronaviruses, SARS-CoV
and SARS-CoV-2. Such differences assist in unraveling the critical role of the glycans the structural and functional
differences between SARS-CoV and SARS-CoV-2.
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