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Suppl. Table 1. Best scored target proteins derived from multiple sequence alignment
with NS4B using BLAST. The length of the NS4B sequence used varies from (i) a
stretch which includes the r-TMDs (L70 to 1190), to (ii) the individual sequences of the
four r-TMDs, as well as (iii) specifically r-TMD2 and 4 only. Information is provided
about their function, the percentage identity (1) and similarity (S), the availability of a
crystal structure or the uniport accession number (PDB ID / Uniprot), the oligomeric
state (Oligo. state) and whether the alignment is with the TMDs of the target protein
(TMDs at target protein). cov (covered): the scoring is reported as the percentage number
of identical residues identified in the alignment derived from the percentage of the TMD
stretch of NS4B used in BLAST.

TMDs
Segment Target protein Function 1(cov) PDBID/ Oligo. at
[%] Uniprot?® state target
protein
 -TMDs Succmate-CoAIlgase Enzyme 28 2FP4
i + loops subunit 3 (57.9) /P53590
N . b
TMD1 Cccl-like protein Transtport 64 - - =
protein (100) /AOA2P5CTQ4
~TMD2 Signal transduction Enzyme 80 =)
histidine kinase (100) -/AOALIN6G2L8
ii
C
~TMD3 Chromate transport Trans.port 68 -/Q0BU73 2
protein protein (100) =
- TMD4 inositol transport Transport 62 - 1 =
system permease protein (100) /A0OA1G4QXH9
protein
TMD2 C!C11C00000002157 Transport 56 - 1 =)
protein (90) /AOA1LOBGO09
2+ +oq+ e
- TMD4 Ca_ /Na":H Trans_port 52 - 2 -
antiporter protein (94) /AOAOTIKYC6

% The crystal structure information is not found by BLAST result and comes from the same/similar
functional protein but different species/organisms. ": Cation-Chloride Cotransporter (CCC1) protein
is suggested to be a novel type of Ca** and/or Mn?* transporter. Taking the crystalized Mn?*
transporter (PDB ID: 5M87) as a mapping bundle (DOI: 10.1038/ncomms14033). ©: TMD3 target protein
lacks the crystal structure information but has sequence information in Uniprot database with topology
information. % TMD4 target protein lacks the crystal structure information but belongs to the Major
Facilitator Superfamily (MFS). Taking proton-coupled sugar transporter XylE (PDB: 4GBY), another MFS
member, as a mapping bundle (DOI: 10.1038/ncomms5521). : Although TMD2 and TMD4 have different
target proteins from BLAST, the target proteins covered the same Na*/Ca?* exchanger (NCX) domain.
Using crystalized NCX protein (PDB ID: 3V5S) as a mapping bundle (DOI: 10.1126/science.1215759).
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Suppl. Table 2. Sequence alignment of r-TMDs. Calculation of r-TMD identity (1) and
similarity (S) using Sequence Manipulation Suite of Clustal Omega. Each of the r-TMDs
of NS4B are compared with either pore lining or Ca-binding domains of selected target
membrane proteins: Orai, Ca,1.1, Ca,1.2, RyR1, IP;R, MCU, SERCA, PLN, STIML1.
Standard deviation is given if the target protein consists of multiple domains or more
than one TMD which is identified as pore lining (PL) or identified as Ca-binding site
(CaBS). Notation: e.g. 1(4) x 1 (TMD?1) = the protein is a homo tetramer and only one of
the subunits is consequently used (1(4)), and has only on TMD (x 1), and the TMD is
TMD1 (1). For Cay channels the PL domains TMD5 and 6 (5/6) are used, for RyR1 also
TMDS5 and 6 as well as the pore region (marked as (2+1) because of two TMDs plus one
pore helix). SERCA consists of three domains, from which one of them having 10 TMDs
with 4 of them involved in Ca-binding (1x4). For PLN the name of the transmembrane
domain is given as domain Il (DOI: 10.1073/pnas.1016535108). Dark shaded boxes
indicate TMDs of NS4B which show highest values of I/S with PL domains of target
protein, light shaded boxes indicate the corresponding data for CaBS of target protein.
mv = maximum value. For SERCA two TMDs of NS4B are shaded for | and S due to
their almost similar values.

TMDs of
target protein I/S r-TMD1 r-TMD2 r-TMD3 r-TMD4
Orai 1(4)x 1 (1) I 8.9 9.8 5.3 135
S 8.9 24.4 23.7 27.0
Ca,l.1 4% 2 (5/6) I 14.3+6.6 125+ 4.6 10.7+5.0 13.4+6.2
S 25.3+8.7 31.1+95 24.3+7.4 29.1+11.0
Ca 1.2 4% 2 (5/6) I 109+4.4 9.8+3.38 10.7+5.8 128 +5.7
S 22.1+5.6 27.7+11.1 23.5+8.2 37.8+7.3
I 57+3.3 121+4.3 142+4.7 129+7.7
RyR1 1(4) x (2+1) S 148+3.1 31.8+6.1 32.6+55 36.0+125
(5/6)
IPsR 1(4) x 2 (5/6) I 83+1.4 124+5.0 11.7+5.0 184+24
S 16.6 + 2.8 440+0.5 39.6 +6.3 36.8+0.8
MCU 1(5)x 1 (2) I 9.5 20.0 16.7 9.5
S 14.3 35.0 27.8 28.6
SERCA 1x4 I 13.3+4.3 175+15 13.9+5.8 176+7.6
S 31.6+5.3 405+ 1.7 28.8+6.4 39.8+ 135
PL/mv - 1 4 1 6
CaBS/mv - - 2 - 2
Total - 1 6 1 8
PLN Domain 11 I 10.0 11.1 4.0 7.4
S 16.7 37.0 40.0 33.3
STIML 12) x 1 I 3.0 11.1 20.0 20.8
S 18.2 33.3 32.0 375
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Suppl. Table 3. Sequence alignment on the basis of the individual p-TMDs with
specifically the TMD of Vpu of HIV-1. Calculation of identity (I) and similarity (S) using
Sequence Manipulation Suite of Clustal Omega on the Vpu sequence UniProt
AOA076V5CL1.

TMDs of
target I/S p-TMD1 p-TMD?2 p-TMD3 p-TMD4
protein
Vpu 1 I 22.2 17.4 16.7 25.9
S 33.3 56.5 50.0 51.9

Suppl. Table 4. Predicted sequences of the TMDs of Nsp3 proteins. The proteins are
from murine coronavirus especially mouse hepatitis virus (MHV), MERS-CoV (MERS),
SARS-CoV, and SARS-CoV-2. Italics: amino acids belonging to the ECTO domain [1].

TMD1
MHV: SRGFFLVATV FLLWFNFLYA NVZ?
MERS: LRLLLMLCTT MVLLSSVYHL YV??

SARS-CoV: FTIAMWLLL LSICLGSLIC VTAAFGVLL?®
SARS-CoV-2: LINIIIWFLL LSVCLGSLIY STAALG?®

aligned
MHV: SRGFF--LV---ATVF----LLWENFLYANV??
MERS: LRL--——-— LLMLCTTMVLLSSVYHLYV??
SARS-CoV: FTIAMWLLLLSICLGSL----IC-————————————~ Vo————— TAAFGVLL?®
SARS-CoV-2:
LINIIIWFLLLSVCLGSL----IY-————————————— S—————- TAALG?®

TMD2 no ECTO

MHV :
MERS
SARS
SARS

CFY PLFVLIGMQL LTT'®
: AFNWLLL AGTLHYFFAQ TS’
-CoV: FFYL LGLSAIMQVFE FGYFASH?*!
-CoV-2: FFYVL GLAAIMQLFF SYFAVHF??

TMD2 with ECTO (TMD2*)

MHV: LFKLVVELVI GYSLYTVCFY PLFVLIGMQL LTT>’
MERS: AFETGLAYML YTSAFNWLLL AGTLHYFFAQ TS>?
SARS-CoV: LGLAAEWVLA YMLFTKFFYL LGLSAIMQVF FGYFASH®'
SARS-CoV-2: GLVAEWFLAY ILFTRFFYVL GLAAIMQLFF SYFAVHF®’
aligned

MHV: LFKLVVELVIGYSLYTVCFYPLFVLIGMQLLTT>?

MERS: AFETGLAYMLYTSAFNWLLLAGTLHYFFAQTS>?
SARS-CoV: LGLAAEWVLAYMLFTKFFYLLGLSAIMQVFFGYFASH?'
SARS-CoV-2: GLVAEWFLAYILFTRFFYVLGLAAIMQLFFSYFAVHF’

1. LeiJ, Kusov Y, Hilgenfeld R (2018). Antiviral Res. 149:58-74
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Suppl. Table 5. Sequence alignment of p-TMDs. Calculation of p-TMD identity (I) and
similarity (S) using Sequence Manipulation Suite of Clustal Omega. | / S values obtained
from using the sequences (1.) without the stretch of TMD2 (-E) which overlaps with the
ECDO domain of Nsp3 and (Il.) the stretch for TMD2* which includes the overlapping
sequence (+E). Each of the p-TMDs of NS4B is compared to the two TMDs of Nsp3 of
coronaviruses species murine coronavirus especially mouse hepatitis virus (MHV),
middle east respiratory syndrome coronavirus (MERS), SARS-CoV (SARS), and
SARS-CoV2 (SARS2). The highest values amongst all the TMDs are highlighted in light
and dark orange for identity (1) and similarity (S), respectively. All 1 and S values are
separately averaged (avg.).

TMDs of
p (-E) target I/S p-TMD1 p-TMD2 p-TMD3 p-TMD4
protein
| 7.41 3.13 7.41 10.71
1 S 14.81 9.38 22.22 28.57
MHV | 7.41 14.29 9.09 9.09
2 S 11.11 33.33 31.82 27.27
| 16.67 7.41 9.09 3.23
MERS 1 S 33.33 22.22 36.36 22.58
| 3.70 10.00 13.64 15.38
2 S 14.81 35.00 31.82 19.23
| 15.63 10.34 5.71 18.18
SARS1 1 S 28.13 31.03 22.86 30.30
| 15.38 6.25 17.39 13.04
2 S 19.23 12.50 43.48 21.74
| 12.90 14.81 9.68 13.79
sARs2 1 S 29.03 37.04 25.81 41.38
| 3.85 18.18 12.50 10.00
2 S 23.08 40.91 37.50 23.33
1037+ 1055+ 1056+  11.68+
| 5.39 4.99 3.75 4.54
avg. 2169+ 2768+ 3148+  26.80=+
S 7.98 11.68 7.53 6.98
1315+ 892+ 7.97 + 1148 +  10.38 +
| 4.15 4.92 1.79 6.30 4.59
1 2633+ 2492+ 2681+ 3071+ 27.19+
S 8.01 12.01 6.55 7.85 8.85
avg. 7.59 + 1218+ 1316+ 1188+ 1120+
| 5.47 5.18 3.42 2.88 4.38
2 17.06 + 3046+ 3616+ 2289+  26.64+
S 5.21 12.39 5.57 3.37 7.47
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TMDs of

p (+E) target I/S p-TMD1 p-TMD2 p-TMD3 p-TMD4
protein
L | 7.41 3.13 7.41 10.71
S 14.81 9.38 2222  |2851 |
MHV ) | 12.12 15.15 9.09 11.76
S 2424 3030 | 24.24 29.41
L | 16.67 7.41 9.09 3.23
S 33.33 2222 [8686 | 2258
MERS | 21.88 6.06 11.43 10.26
S 12813 | 18.18 20 12.82
L | 15.63 10.34 5.71 18.18
s 2813 |80 | 2286 30.30
SARSL | 1351 10.81 10.81 7.69
s 16.22 2162 [27.08° | 1282
L | 12.90 14.81 9.68 13.79
S 29.03 37.04 2581 413
SARS2 | 75 11.9 8.11 16.22
s w5 we  omEmmoac
1345+ 995+ 892+ 1148+
avg. ! 4.78 4.20 1.84 4.74
2330+ 2331+ 2603+ 2561+
S 7.74 8.99 5.15 9.50
1315+ 892+ 797+ 1148+ 1038+
1 | 4.15 4.92 1.79 6.30 4.59
2633+ 2492+ 2681+ 3071+ 2719+
S 8.01 12.01 6.55 7.85 8.85
avg. 1375+ 1098+ 98+ 1148+ 1152+
2 | 6.00 3.76 1.53 3.58 4.04
2027+ 2169+ 2525+ 2052+ 2193+
s 7.17 6.10 4.16 8.94 6.82

AIMS Biophysics Volume 8, Issue 2, 165-181.



Suppl. Table 6. Sequence alignment of p-TMDs. Number count of how frequent the
individual TMDs score the highest with their identity (I) and similarity (S) values
amongst the four TMDs. The summed values of highest I (light orange) and S (dark
orange) are calculated for the individual four p-TMDS of NS4B aligned with two TMDs
of Nsp3. Each of the p-TMDs of NS4B is compared to the TMDs of Nsp3 of
coronaviruses species murine coronavirus especially mouse hepatitis virus (MHV),
middle east respiratory syndrome coronavirus (MERS), SARS-CoV (SARS), and
SARS-CoV2 (SARS2) (see also Suppl. Table 4). Two different sequences are used for
TMD2, one in which the sequence includes part of the ECTO domain of Nsp3 marked by
“*” as e.g. TMD2* and one in which this sequence is excluded (TMD2). Formulas used
for data for TMD2* are also marked with a star.

Nsp3 NS4B
TMDs of target
protein 1/S p-TMD1 p-TMD2 p-TMD3 p-TMD4
TMD1 ' 1 1 2
S 1 1 2
TMD2 ' 2 1 1
S 3 1
X | 1 3 1 3
>S S 422
Y(EI+YS) 1 7 3 5
TMD1 ' 1 1 2
S 1 1 2
TMD2* ' 2 1 1
S 1 1 2
o | 3 2 . 3
>S S 1T 2 3 2
2*(C1+2S) 4 4 3 5
2*(21+2S)
- +3 -3 0 0
2(21+29)
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Suppl. Table 7. Sequence alignment of r-TMDs. Number count of how frequent the
individual TMDs score the highest with their identity (I) and similarity (S) values
amongst the four TMDs. The summed values of highest | (light orange) and S (dark
orange) are calculated for the individual four r-TMDS of NS4B aligned with two TMDs
of Nsp3. Each of the r-TMDs of NS4B is compared to the TMDs of Nsp3 of
coronaviruses species murine coronavirus especially mouse hepatitis virus (MHV),
middle east respiratory syndrome coronavirus (MERS), SARS-CoV (SARS), and
SARS-CoV2 (SARS2) (see also Suppl. Table 7). Two different sequences are used for
TMD2, one in which the sequence includes part of the ECTO domain of Nsp3 marked by
“*” as e.g. TMD2* and one in which this sequence is excluded (TMD2). Formulas used
for data for TMD2* are also marked with a star.

Nsp3 NS4B
TMDs of target
protein I/S r-TMD1 r-TMD2 r-TMD3 r-TMD4
TMD1 ' 3 1
S 1 1 1 1
TMD2 ' 2 %
S 1 2 2 1
X | 5 3 - .
>S S 2 3 3 2
Y(EI+YS) 7 6 3 2
TMD1 ' 3 1
S 1 1 1 1
TMD2* ' 1 2 1
s 1 2 1
Y | 4 1 2 1
>S S 2 1 3 2
Y*(EI+YS) 6 2 5 3
Y*CI+XS)
] 1 4 +2 +1
S(E+S)
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Suppl. Table 8. Sequence alignment of r-TMDs. Calculation of r-TMD identity (1) and
similarity (S) using Sequence Manipulation Suite of Clustal Omega. | / S values obtained
from using the sequences (1.) without the stretch of TMD2 (-E) which overlaps with the
ECDO domain of Nsp3 and (Il.) the stretch for TMD2 including the overlapping
sequence (+E). Each of the r-TMDs of NS4B is compared to the two TMDs of Nsp3 of
coronaviruses species murine coronavirus especially mouse hepatitis virus (MHV),
middle east respiratory syndrome coronavirus (MERS), SARS-CoV (SARS), and
SARS-CoV2 (SARS2). The highest values amongst all the TMDs are highlighted in light
and dark orange for identity (1) and similarity (S), respectively. All I and S values are
separately averaged (avg.).

TMDs of
r (-E) target I/S r-TMD1 r-TMD2 r-TMD3 r-TMD4
protein
I 18.18 12.00 3.03 11.11
1 S 40.91 32.00 9.09 29.63
MHV I 7.14 15.00 5.26 10.53
2 S 17.86 40.00 26.32 36.84
I 11.54 12.00 6.45 3.83
1 S 30.77 32.00 16.13 20.00
MERS I 18.52 7.69 16.67 15.00
2 S 22.22 11.54 25.00 25.00
1 I 17.86 11.76 8.82 10.17
S 32.14 26.47 29.41 39.29
SARS1 I 20.83 15.38 11.11 13.64
2 S 33.33 26.92 22.22 22.73
I 17.24 10.34 16.67 9.38
1 S 31.03 34.48 36.67 18.75
SARS2 I 8.33 14.81 7.41 9.09
2 S 16.67 29.63 29.63 27.27
14.96 = 12.37 = 943 £5.06 10.28 =
I 5.18 2.63 3.48
avg. 28.12 + 29.13 + 2431 = 27.44 +
S 8.40 8.32 8.57 7.49
I 16.21 + 1153 + 8.74 £5.79 8.62+3.27 11.27+
3.13 0.80 3.70
1 33.71 % 31.24 + 22.83 £ 26.92 + 28.67 =
S 4.83 3.39 12.50 9.57 8.41
avg. 13.71 + 13.22 = 10.11 = 12.07 = 12.28 =
I 6.97 3.69 4.99 2.73 4.87
2 22.52 = 27.02 = 25.79 = 27.96 = 25.82 =
S 7.59 11.76 3.08 6.20 7.81
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TMDs of

r (+E) target I/'S  r-TMD1 r-TMD2 r-TMD3 r-TMD4
protein
| 18.18 12.00 3.03 11.11
1 s | 4001 3200 9.09 29.63
MHV | 4.44 8.33 9.09 5.26
2 s 111 2778 | 8080 | 15.79
| 11.54 12.00 6.45 3.83
1 S 3077 | 3200 @ 1613 20.00
MERS ! 9.30 5.13 5.26 9.38
2 S 1163 7.69 1316 | 2500 |
| 17.86 11.76 8.82 10.17
1 S 3214 26.47 2041 [118929 |
SARS1 | 12.50 4.08 6.98 7.89
2 s | 2000 1224 13.95 13.16
| 17.24 10.34 16.67 9.38
1 S 3103 3448 [18667 @ 1875
SARS2 | 7.69 6.38 13,51 7.69
2 S 1282 1064 | 3243 | 23.08
1234+ 875+ 873+ 809+
! 5.11 3.24 4.45 2.48
avg. 2380+ 2291+ 2264+ 2309+
s 1138 10.90 10.61 8.36
1621+ 1153+ 874+ 862+ 1127+
! 3.13 0.80 5.79 3.27 3.70
1 3371+ 3124+ 2283+ 2692+ 2867+
avg. S 4.83 3.39 12.50 9.57 8.41
848+ 598+ 871+ 756+  7.68=+
! 3.36 1.83 3.56 1.71 2.75
2 1389+ 1459+ 2246+ 1926+ 1755+
S 4.14 9.00 10.32 5.68 7.70
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Suppl. Figure 1 (cont.). Identification of the TMDs using secondary structure prediction
programs: (A) nAChR, (B) GLIC and (C) LMP1 of EBV. Prediction are made for using
() the entire length of the NS4B sequence, (I1) the region containing the anticipated
TMDs only, and (I11) the individual proposed stretches which are supposed to contain the
respective  TMDs. Black boxes are taken from the literature (nAChR: DOI:
10.1038/nature19785, GLIC: DOI: 10.1038/nature07462 and LMP1: DOI:
10.1007/bf02256110) and colour coding: colours refer to the individual TMDs. In case of
an overlap the amino acids are highlighted in orange).
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Suppl. Figure 2. Frequency of the amino acids identified to be in a helical conformation
by the secondary structure prediction programs (SSPPs): (A) nAChR, (B) GLIC, and
LMP1. The numbers are derived from the data presented in Suppl. Figure 1, I and IlI.
The orange/red columns depict the results when using a threshold of equal and more than
19 programs predicting a helical motif for the amino acid. The yellow shade marks the
stretches proposed in the literature (NnAChR: DOI: 10.1038/nature19785, GLIC: DOI:
10.1038/nature07462 and LMP1: DOI: 10.1007/bf02256110). The match of the predicted
results with those from experiments are for nAChR: TMD1 84.0 % TMD2 79.2 %,
TMD3 85.2 %, TMD4 53.9%; GLIC TMD1 78.3 %, TMD2 72.0 %, TMD3 95.7 %,
TMD4 61.3 %; LMP1: TMD1 90.9 %, TMD2 95.5 %, TMD3 87.5 %, TMD4 79.2 %,
TMD5 83.3 %, TMD6 90.9 %.
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Suppl. Figure 3 (cont.). Identification of the TMDs of Nsp3 using 20 secondary
structure prediction programs: (A) MERS-CoV, (B) MHV (C) SARS-CoV, and (D)
SARS-CoV-2. Prediction are made for using the region containing the anticipated TMDs
as shown. Red and blue boxes denote the chosen sequence for TMD1 and TMD2,
respectively.
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A  TMDI

MHV  0.40
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] (————  SARS 0.19

- SARS2 0.19

B  TMD2 (+E)

MHV  0.36
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Suppl. Figure 4. Phylogram of the individual TMDs of Nsp3 proteins of MERS, HMV,
SARS-CoV and SARS-CoV-2. TMD?2 includes the sequence with (+E) and without (-E)
of the ECDO domain (E) of the proteins. The difference in similarity is given in per
centum.
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