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Fig. S11. Potential immunological effects of SARS-CoV2 Spike protein glycosylation. (A-B). Spike extracellular domain surface
given in grey. The surface glycans are highly dynamic. Glycans overlaid from 250 different conformations are shown as points; this
gives a “cloud” like rendition of the area most heavily occupied where the points are dense, and space that glycans sample less
frequency. Fucosylated 2 and 3 antennae complex (FA2 and FA3) glycans, oligomannose (OM) glycans and hybrid (Hyb) glycans
are colored according to key. (A) all-down and (B) one-up conformations shown. Glycans directly affecting RBD and NTD coverage
change due to RBD opening are marked. Removal of glycan 165 has experimentally been shown to increase the population of
protomers in the single-protomer up state. Removal of glycan 234 has experimentally been shown to decrease the population of
protomers in the single-protomer up state (10). FP residue range 816 to 855 shown in yellow. (C) Effect of D614G substitution on
FP coverage. N-glycans surrounding FP are numbered. Glycans at 282, 603 and 801 from the same protomer and glycan 616 from

the neighboring protomer contribute to partial shielding of FP. On the left is the point cloud of glycans from 250 different
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75 conformations for the four different systems. White dashed circle shows the areas of change between D-form and G-form. Numbers

76 label all glycans that touch the FP domain. On the right is the change in GEF superimposed on the relevant sequence.

6acc_covl MFIFL-==== ====—e=——= ——- LFLTLTS GSDLDRCTTF DDVQAPNYTQ HTSSMRGVYY PDEIFRSDTL YLTQDLFLPF 62
6vxx_cov2 MGILPSPGMP ALLSLVSLLS VLLMGCVAET GTR--QCVNL TTRTQLPPAY TNSFTRGVYY PDKVFRSSVL HSTQDLFLPF 58
6acc_covl YSNVTGFHTI N-=====- HT FGNPVIPFKD GIYFAATEKS NVVRGWVFGS TMNNKSQSVI IINNSTNVVI RACNFELCDN 135
6vxx_cov2 FSNVIWFHAI HVSGTNGTKR FDNPVLPFND GVYFASTEKS NIIRGWIFGT TLDSKTQSLL IVNNATNVVI KVCEFQFCND 138
6acc_covl PFFAVSKPMG ----TQTHTM IFDNAFNCTF EYISDAFSLD VSEKSGNFKH LREFVFKNKD GFLYVYKGYQ PIDVVRDLPS 211
6vxx_cov2 PFLGVYYHKN NKSWMESEFR VYSSANNCTF EYVSQPFLMD LEGKQGNFKN LREFVFKNID GYFKIYSKHT PINLVRDLPQ 218
6acc_covl GFNTLKPIFK LPLGINITNF RAILTA---- FSPA--QDIW GTSAAAYFVG YLKPTTFMLK YDENGTITDA VDCSQNPLAE 285
6vXX_cov2 GFSALEPLVD LPIGINITRF QTLLALHRSY LTPGDSSSGW TAGAAAYYVG YLOPRTFLLK YNENGTITDA VDCALDPLSE 298
6acc_covl LKCSVKSFEI DKGIYQTSNF RVVPSGDVVR FPNITNLCPF GEVFNATKFP SVYAWERKKI SNCVADYSVL YNSTFFSTFK 365
6vxx_cov2 TKCTLKSFTV EKGIYQTSNF RVQPTESIVR FPNITNLCPF GEVFNATRFA SVYAWNRKRI SNCVADYSVL YNSASFSTFK 378
6acc_covl CYGVSATKLN DLCFSNVYAD SFVVKGDDVR QIAPGQTGVI ADYNYKLPDD FMGCVLAWNT RNIDATSTGN YNYKYRYLRH 445
6vxx_cov2 CYGVSPTKLN DLCFTNVYAD SFVIRGDEVR QIAPGQTGKI ADYNYKLPDD FTGCVIAWNS NNLDSKVGGN YNYLYRLFRK 458
6acc_covl GKLRPFERDI SNVPFSPDGK PCTP-PALNC YWPLNDYGFY TTTGIGYQPY RVVVLSFELL NAPATVCGPK LSTDLIKNQC 524
6vxx_cov2 SNLKPFERDI STEIYQAGST PCNGVEGFNC YFPLOSYGFQ PTNGVGYQPY RVVVLSFELL HAPATVCGPK KSTNLVKNKC 538
6acc_covl VNFNFNGLTG TGVLTPSSKR FQPFQQFGRD VSDFTDSVRD PKTSEILDIS PCSFGGVSVI TPGTNASSEV AVLYQDVNCT 604
6vxx_cov2 VNFNFNGLTG TGVLTESNKK FLPFQQFGRD IADTTDAVRD PQTLEILDIT PCSFGGVSVI TPGTNTSNQV AVLYQDVNCT 618
6acc_covl DVSTAIHADQ LTPAWRIYST GNNVFQTQAG CLIGAEHVDT SYECDIPIGA GICASYHTVS ----LLRSTS QKSIVAYTMS 680
6vxx_cov2 EVPVAIHADQ LTPTWRVYST GSNVFQTRAG CLIGAEHVNN SYECDIPIGA GICASYQTQT NSPSGAGSVA SQSIIAYTMS 698
6acc_covl LGADSSIAYS NNTIAIPTNF SISITTEVMP VSMAKTSVDC NMYICGDSTE CANLLLQYGS FCTQLNRALS GIAAEQDRNT 760
6vXX_cov2 LGAENSVAYS NNSIAIPTNF TISVTTEILP VSMTKTSVDC TMYICGDSTE CSNLLLQYGS FCTQLNRALT GIAVEQDKNT 778
6acc_covl REVFAQVKQM YKTPTLKYFG GFNFSQILPD PLKPTKRSFI EDLLFNKVTL ADAGFMKQYG ECLGDINARD LICAQKFNGL 840
6vxx_cov2 QEVFAQVKQI YKTPPIKDFG GFNFSQILPD PSKPSKRSFI EDLLFNKVTL ADAGFIKQYG DCLGDIAARD LICAQKFNGL 858
6acc_covl TVLPPLLTDD MIAAYTAALV SGTATAGWTF GAGAALQIPF AMOMAYRFNG IGVTQNVLYE NQKQIANQFN KAISQIQESL 920
6vxx_cov2 TVLPPLLTDE MIAQYTSALL AGTITSGWTF GAGAALQIPF AMOMAYRFNG IGVTQNVLYE NQKLIANQFN SAIGKIQDSL 938
6acc_covl TTTSTALGKL QDVVNQONAQA LNTLVKQLSS NFGAISSVLN DILSRLDKVE AEVQIDRLIT GRLQSLQTYV TQQLIRAAEI 1000
6vxx_cov2 SSTASALGKL QDVVNONAQA LNTLVKQLSS NFGAISSVLN DILSRLDPPE AEVQIDRLIT GRLQSLQTYV TQQLIRAAEI 1018
6acc_covl RASANLAATK MSECVLGQOSK RVDFCGKGYH LMSFPQAAPH GVVFLHVTYV PSQERNFTTA PAICHEGKAY FPREGVFVFN 1080
6vxx_cov2 RASANLAATK MSECVLGQSK RVDFCGKGYH LMSFPQSAPH GVVFLHVTYV PAQEKNFTTA PAICHDGKAH FPREGVFVSN 1098
6acc_covl GTSWFITQRN FFSPQIITTD NTFVSGNCDV VIGIINNTVY DPLQPELDSF KEELDKYFKN HTSPDVDLGD ISGINASVVN 1160
6vxXx_cov2 GTHWFVTQRN FYEPQIITTD NTFVSGNCDV VIGIVNNTVY DPLQPELDSF KEELDKYFKN HTSPDVDLGD ISGINASVVN 1178
6acc_covl IQKEIDRLNE VAKNLNESLI DLQELGKYEQ YIKWPWSHPQ FEK 1203

79 6vxx_cov2 IQKEIDRLNE VAKNLNESLI DLQELGKYEQ YIKGSGRENL YFQ 1221

81 Fig. S12. Structure based sequence alignment. Sequence alignment between SARS-CoV1 and SAR-CoV2 based on PDB

82 structures 6ACC and 6VXX. Sequences given here are as found in the structures used.

83
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Ising Model of Covid Spike

Here we use a periodic three-spin Ising model to describe the occupation
probability—and hence the population—of a particular thermodynamic macrostate
through the Boltzmann distribution, which includes taking the exponential of
the energy. It captures how a change in energies can lead to a large shift in the
ratios of the respective populations.

Consider the one-dimensional periodic Ising model not in an external field,
in which the Hamiltonian is defined as,

H(o) ==Y Jijoi0), (1)
{i.j}
where the sum is across all nearest-neighbor pairs, including the pair {0, N'}
where N is the total number of spins.

We may think of the COVID Spike trimer in a highly simplified way as
being a three-spin periodic Ising model, where each of the protomers is a “spin”
that can take on an “up” state or a “down” state. Let us assume the following
definitions for the interaction energies: Fyy is the magnitude of the interaction
between a pair of protomers both in the up state, Epp is the magnitude of
the interaction between a pair of protomers both in the down state, Eyp is
the magnitude of the interaction between protomers where the S1 region of the
protomer in the up state interacts with the S2 region of the protomer in the
down state, and Epy is the magnitude of the interaction between protomers
where the S2 region of the protomer in the up state interacts with the S1 region
of the protomer in the down state. We do not assume these are equal since
there is a known asymmetry in these interactions. Then the Hamiltonians of all
microstates in the system are given as follows,

HUUU) = -3Eyy (2)
H(DDD) = —3Epp (3)
H(UDD) = H(DUD) = H(DDU) = —Epp—Epy — Eup (4)
H({UUD)=H(UDU)=H(DUU) = —Eyy—Epuv—FEup, (5

where we assume all interactions are overall favorable with negative interaction
energies at body temperature, room temperature, etc.

The probability of being in a particular microstate is given by the Boltzmann
distribution,
exp (—8H(SSS))

P(SSS) = Z ,
Q

(6)
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where S € {U,D}, 8 = (kgT)~! is the Boltzmann factor, and Zq is the nor-
malizing constant or partition function.

Then let us consider the ratios of different macrostates to one another. We
have four possible macrostates: all down (none up) (0U), three (all) up (3U),
one up (1U), and two up (2U). Of these, all down and three up correspond
to a single microstate, and one up and two up correspond to three microstates.
Then the set of potentially interesting probability ratios is,

igég; _ 3¢B(EputEup—2Epp) )
igg; _  3¢8(Epu+Eup+Euy—3EpD) (8)
Ifj Eig; _  BBBuu—3Bpp) ()
igg; — B(Buu—Epp) (10)
]Izgg; _ %eﬁ(wUU—EDU—EUD). (11)

Assuming that most Cryo-EM and similar experiments have been performed
at equilibrium, we note that there is a general lack of observation of the 2U and
3U states, which suggests that the difference between Eyy and Epp is large
with Fyy < Epp, which would lead to a rapidly vanishing exponential in the
comparison between 2U and OU, 3U and OU, and 2U and 1U, etc. Since most
studies have seen an approximate 50/50 = 1 ratio of 1U to OU populations, this
gives an order of magnitude estimate for the difference in Epp and Epy if we
assume Fpy ~ Eyp, T =310 K, and k, = 1.38 x 10723 m? kg s 2K~ !, of,

3e¢f(2Epu—2EpD) o, 1 (12)

k‘BT 10g(3)

5 —10" 2 m?%kg-s 2 (13)

Q

Epy — Epp =

or approximately -0.006 eV, which is still a significant energy difference when
considering the system as single particles in a highly idealized model.

If our results do point to an equalization of the energies between Epy and
Epp, then that would point to a shift in population from a 1:1 to a 3:1 ratio for
1U:0U as the argument of the exponential goes to zero and the exponential goes
to one, meaning 75% 1U and only 25% OU, which could already be responsible
for an increase in transmissibility.

It is unclear from our current results whether the mutation could also effect
the Eyy interaction, but it is certainly not impossible. Since the Boltzmann
distribution is an exponential, even relatively small changes in the argument
can lead to large changes in the overall population of the states. A good avenue
for future work would be to investigate the 2U and 3U states if possible.

One caveat to this interpretation is that it solely addresses thermodynamic
contributions and does not consider the rates at which different states can tran-
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sition from one to the other. If the rate of state transition is very low in com-
parison to the lifetime of the Spike between creation and ACE2 binding, then
the thermodynamics are not the relevant quantity and what is more relevant is
the initial configuration and—assuming that to be all down-the ease with which
it can transition into the 1U conformation. This potential kinetic aspect of
state transition would need to be addressed through different techniques, but
it is also possible that the relaxation of the hydrogen bonding network induced
by the mutant could have a significant impact on the kinetics as well as the
thermodynamics.
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