EMDB 29779
PDB 8G6R
Microscope Talos Arctica
Voltage (kV) 200
Detector K3 direct electron detector (Gatan)
Dose Rate (e/pixel/sec) 12
Exposure Time (sec) 3.5
Electron Exposure (e/A?%) 60
Frames (no.) 60
Defocus Values -0.7t0-2.5
Sample Tilt (°) 25
Data Collection Mode EFTEM, Counting, CDS
Nominal Magnification 105,000x
Pixel Size (A) 0.834
Symmetry Imposed C1
Movies Collected (no.) 1,261
Initial Particle Images (no.) 710,143
Final Particle Images (no.) 74,367
Map Resolution (A) — GSFSC 3.3
Initial Model Used (PDB ID) 7CYQ
Non-hydrogen Atoms 9,410
Protein Residues 1075
Nuceic Acid Residues 40
R.M.S. Deviations
Bond Lengths (A) 0.004
Bond angles (°) 0.556
MolProbity Score 1.64
Clashscore 7.19
Ramachandran Plot
Favored (%) 96.34
Allowed (%) 3.66
Disallowed (%) 0

Table S1: cryo-EM data collection and refinement. Information provided is for the
cryo-EM data collection, and processing that produced the electron density map of the
PEDV polymerase complex. Additionally, validation statistics for the polymerase
complex coordinate model built into the reconstruction are provided.



Desolvation Parameters

Sample

Capillary Temperature

In-source Trapping (V)

(°C)

PEDV nsp12+8+7 250 -150
PEDV A382R-nsp12+8+7 200 -300
PEDV V848R-nsp12+8+7 200 -200

PEDV nsp12+8+8L7 250 -300
SARS-CoV-2 nsp12+8+7 200 -150
SARS-CoV-2 L387R-
nSp12+8+7 200 -150
SARS-CoV-2 T853R-
nSp12+8+7 200 -160
SARS-CoV-2
nsp12+8+8L7 250 150

Table S2, native mass spectrometry desolvation parameters: Parameters listed
were optimized for each sample to remove as many adducts as possible without
disrupting the complex(es) of interest.

Supplemental video 1, 3D variability analysis of PEDV core complex: The movie
displays a series of 3D volumes (in gray) determined by 3D variability analysis
(cryoSPARC v3.3.1). The movie begins by oscillating between the extremes of variability
within the volume series. Docking our PEDV core complex model (nsp12 — light purple,
nsp7 — green, nsp8 — red, primer — neon green, template — dark purple) into the densities
reveals the flexibility of dsRNA leaving the active site. We predict that this movement
results in the lack of complete reconstruction of our dsRNA and nsp8+ N-terminal

extension in our final map and model.
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Figure S1, SDS-PAGE of viral proteins: Samples of purified proteins used for in vitro
studies were run on pre-cast, stain-free, 4-20% SDS-PAGE gels (BioRad) and imaged
using UV fluorescence. Expected molecular weights for different proteins are nsp7 — 9
kDa, nsp8 — 22 kDa, nsp12 — 110 kDa, nsp8L7 — 31 kDa, and nsp8AL7 — 25 kDa. The
far-left lane of each gel is a protein ladder protein MWs labeled.




PEDV nsp12-WT

SARS-CoV-2 nsp12-WT

# 108, 450£40 Da * 110680220 Da
*185,120470 Da 75 »186,240£70 Da

-
o

Relative Abundance
2

Relative Abundance
2
-

251 - 251

-

-

s UL 5] L

2000 4000 6000 8000 10000 12000 14000 2000 4000 6000 B00D 10000 12000 14000
miz mz

PEDV nsp12-A382R SARS-CoV-2 nsp12-L387R

100 100

*109,5331£60 Da * 224004100 Da
75 . = 185,120£30 Da 75 * 110,900£100 Da
§218,880+50 Da * * 186,400£100 Da

.

251 .

Redative Abundance
2
L
Relative Abundance
2

25

.
s\ L T

2000 AD00 &000 8000 10000 12000 14000 2000 4000 000 2000 10000 12000 14000

miz miz
PEDV nsp12-V843R SARS-CoV-2 nsp12-T853R
= *109,630270 Da * 22,300450 Da
e = fI| e

Relative Abundance
2
Relative Abundance

251

0 d. .' ”' “.b“‘"‘"‘““""“w“*“‘

|
2000 4000 6000 8000 10000 12000 14000 2000 4000 6000 BO00 10000 12000 14000

miz miz
PEDV nspj2+nsp8+nsp8L7 SARS-CoV-2 nsp1.2+nsp8+nsp8L7

«109,420430 Da *110,66040 Da
754 H *184,670460 Da * 186,270440 Da

-~
o

Relative Abundance
2

Relative Abundance
g

-

- _=_.l WALLL,

2000 4000 6000 8000 10000 12000 14000 2000 4000 6000 BOOD | 10000 | 12000 | 14000
miz miz

ol

Figure S2, native mass spectrometry of coronavirus polymerase complexes. Native
mass spectra for all coronavirus polymerase complexes tested with major mass
populations labelled for each. Single and double red dots are monomeric and dimeric full
intact complexes, respectively. Single and double blue dots are monomeric and dimeric
solo nsp12, respectively. Green dots are free nsp8. A) SARS-CoV-2 complexes, top to



bottom: wildtype, L387R, T853R, nsp8L7. B) PEDV complexes, top to bottom: wildtype,
A382R, V848R, nsp8L7.
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Figure S3, full gel images for piecewise and fusion protein primer extensions:
Primer extensions assess the activity of nsp12 by its ability to extend an RNA primer (29
nucleotides or nt) to the length of its RNA template (38 nt) pair. A) PEDV piecewise primer
extension revealing optimal nsp12 activity in the presence of both nsp7 and nsp8, and
reduced activity with just nsp8. B) SARS2 piecewise primer extensions showing nsp12 is
only active in the presence of both cofactors. Nsp8L7 does not individually activate nsp12
(C is PEDV, D is SARS-CoV-2). Nsp8L7 and nsp8AL7 activate nsp12 with free nsp8
present (E is PEDV, F is SARS-CoV-2), indicating polymerase activities requirement for
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nsp81, while nsp8z’s helical extension is not essential for activity.
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Figure S4, cryo-EM validation: A) Cryo-EM reconstruction filtered by local resolution
according to the color key. B) Gold-standard Fourier shell correlation plot determined in
cryoSPARC. The solid blue line marks the 0.143 cutoff. C) Particle orientation distribution
plot for the final reconstruction. “# of images” indicates number of projections at a
particular orientation (Elevation x Azimuth).
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FVDGVPFIVSCGYHYKELGLVMNMDFNIHRHRLALKELMMYAADPAMHIASASALWDLRT
FVDGVPFVISCGYHYKELGLVMNMDVSLHRHRLSLKELMMYAADPAMHIASASALWDLRT
YVDGVPEFVVSTGYHYRELGVVMNQDVRQHAQRLSLRELLVYAADPAMHVAASNALSDKRT
FVDGVPFVVSTGYHFRELGVVHNQDVNLHSSRLSFKELLVYIADPAMHAASGNILIDKRT
FVDGVPFVVSTGYHFRELGVVHNQDVNLHSSRLSFKELLVYAADPAMHAASGNLLLDKRT
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PCQTIASIASGATKQSVKPGHFNAHFYEHALESGILSEDSGIDIRHFYYMQDGEAAIKDY
PCQTLATMSSGITKQSVKPGHFNQHFYKHLLDSDILN-QLGIDLKHFYYMQODGEAAITDY
PCQTLATMSSGIAKQSVKPGHFNQHFYKHLLDSNLLD-QLGIDIRHFYYMQDGEAAITDY
VCFSIAALSTGVTYQTVKPGHFNKDFYDFITERGFFEEGSELTLKHFFFAQGGEAAMTDF
VCFSVAALSTGLTSQTVKPGHFNKEFYDFLRSQGFFDEGSELTLKHFFFTQKGDAAIKDFE
ICFSVAALSTGLTNQVVKPGHFNEEFYNFLRLRGFFDEGSELTLKHFFFAQNGDAAVKDF
VCFSVAALGTGLTKQTVKPGHFNKEFYDFLCAQGFFDEGSELTLKHFFFAQKGDAAIRDF
VCEFSVAALGTGMTNQTVKPGHFNKEFYDFLLEQGFFSEGSELTLKHFFFAQKGDAAVKDF
SCFSLSALSTGLTYQTVKPGHFNEDFYNFAEKKGFFKEGSSIPLKHFFYIQDGNAATIADF
SCFSVCALASGITHQTVKPGHFNKDFYDFAEKAGMFKEGSSIPLKHFFYPQTGNAAINDY
CCFSVAAITSGVKFQTVKPGNFNQDFYDFVLSKGLLKEGSSVDLKHFFFTQDGNAAITDY
CCFSVAAITSGIKFQTVKPGNENQDFYEFVKSKGLFKEGSTVDLKHFFFTQDGNAAITDY
CCFSVAAITSGVKFQTVKPGNFNQDFYEFILSKGLLKEGSSVDLKHFFFTQDGNAAITDY
SCFSVAALTTGLTFQTVRPGNFNQDFYDFVVSKGFFKEGSSVTLKHFFFAQDGNAAITDY
PCEFSVAALTTGLTFQTVRPGNFNKDEFYDFVVSRGFFKEGSSVTLKHFFFAQDGHAAITDY
PCFSVAALTTGLTFQTVRPGNFNKDFYDFVVSKGFFKEGSSVTLRHFFFAQDGHAAITDY
VCMSVAAMTTGVTFQTVKPGQFNEDFYNFAIKCGFFKEGSTISFKHFFYAQDGNAAISDY
TCFSVAALTNNVAFQTVKPGNEFNKDFYDFAVSKGFFKEGSSVELKHFFFAQDGNAAISDY
TCFSVAALTNNVAFQTVKPGNEFNKDFYDFAVSKGFFKEGSSVELKHFFFAQDGNAAISDY
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DYYRYNRPTILDIGQARVAYQVAARYFDCYEGGCITSREVVVTN
DFYRYNKPTILDICQARVTYKIVSRYFDIYEGGCIKACEVVVTN
DFYRYNRPTVLDICQARVAYHVVKRYFDIYEGGCIAARDVVVTN
DYYRYNRPTVLDICQARVVYQIVQRYFDIYEGGCITAKEVVVTN
DYYRENKPTMVDIQQFLFCFEVTDKYFEQYDGGCIPANQVVVTN
DYYRYNRPTMFDIRQLLFCLEVTSKYFECYEGGCIPASQVVVNN
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DYYRYNLPTMCDIKQLLFSLEVVDKYFDCYDGGCLQASQVVVAN
DYYRYNLPTMCDIRQLLFVVEVVDKYFDCYDGGCINANQVIVNN
DYYRYNLPTMCDIRQLLEFVVEVVDKYFDCYDGGCINANQVIVNN
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SSLLLARKH-ACCTHSQRFYRLANECAQVLSEIVVSGNVMYVKPGGTSSGDATTAYANSV
ASCLLARKH-TCCNQSQRFYRLANECCQVLSEVVVSGNNLYVKPGGTSSGDATTAYANSV
ASCLLARKH-TCCNQSQRFYRLANECCQVLSEVVVSGNNLYVKPGGTSSGDATTAYANSV
SAMVLGSKHIGCCTHSDRFYRLSNELAQVLTEVVHCTGGFYIKPGGTTSGDGTTAYANSA
SAMILGSKHVTCCTASDKFYRLSNELAQVLTEVVYSNGGFYFKPGGTTSGDATTAYANSV
SAMVLGSKHVNCCTATDRFYRLGNELAQVLTEVVYSNGGFYFKPGGTTSGDASTAYANST
SAMILGSKHVNCCTNSDRYYRLCNELAQVLTEVVYSNGGFYMKPGGTTSGDATTAYANSV
SAMILGSKHTTCCSSTDRFFRLCNELAQVLTEVVYSNGGFYLKPGGTTSGDATTAYANSV
ASLILARRHKGCCDWNERIYRLANEAAQVLSEVALSNGGLYVKPGGTSSGDATTAYANSA
ASLVLARKHTNCCTWSERVYRLYNECAQVLSETVLATGGIYVKPGGTSSGDATTAYANSV
SSLVLARKHETCCSQSDRFYRLANECAQVLSEIVMCGGCYYVKPGGTSSGDATTAFANSV
SSLVLARKHEFCCSHGDRFYRLANECAQVLSEIVMCGGCYYVKPGGTSSGDATTAFANSV
SSLVLARKHDSCCSHTDRFYRLANECAQVLSEIVMCGGCYYVKPGGTSSGDATTAFANSV
ASLILARKHGTCCTTRDRFYRLANECAQVLSEYVLCGGGYYVKPGGTSSGDATTAYANSV
ASLILARKHSTCCTNSDRFYRLANECAQVLSEYVLCGGGYYVKPGGTSSGDATTAYANSV
ASLILARKHSTCCTNTDRFYRLANECAQVLSEYVLCGGGYYVKPGGTSSGDATTAYANSV
ASLILARKHSTCCNASERFYRLANECAQVLSEMVLCGGGFYVKPGGTSSGDSTTAYANSV
ASLVLARKHTTCCSLSHRFYRLANECAQVLSEMVMCGGSLYVKPGGTSSGDATTAYANSV

ASLVLARKHNTCCNLSHRFYRLANECAQVLSEMVMCGGSLYVKPGGTSSGDATTAYANSV
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FNILQVVSANVATFLSTSTTTHLNKDIADLHRSLYEDIYRGDSNDITVINRFYQHLQSYF
FNIFQAVSANVNKLLGVDSNTCNNVTVKSIQRKIYDNCYRSSSVDDDFVVEYFSYLRKHF
FNIFQAVSSNINCVLSVNSSNCNNFNVKKLORQLYDNCYRNSNVDESFVDDEYGYLQKHF
FNIFQAVSSNINRLLSVPSDSCNNVNVRDLQRRLYDNCYRLTSVEESFIDDYYGYLRKHF
FNIFQAVSANINRILGINSNTCNNLAVKSLORMLYDNCYRSSAVDPGFVDTEFYGYLRKHFE
FNIFQAVSANVNKLLSVDSNVCHNLEVKQLQRKLYECCYRSTTVDDQFVVEYYGYLRKHF
FNLFQATAANVAQLLATPTSRIYVEEVRALQHELYTQVYRRDKPDMDEVYTFYAYLNKHF
FNITIQATSANVARLLSVITRDIVYDDIKSLQYELYQQVYRRVNFDPAFVEKFYSYLCKNE
FNICQAVSANVCALMSCNGNKIEDLSIRALQKRLYSHVYRSDKVDSTFVTEYYEFLNKHF
FNICQAVTANVCSLMACNGHKIEDLSIRNLOQKRLYSNVYRTDYVDYTFVNEYYEFLCKHE
FNICQAVSANVCSLMACNGHKIEDLSIRELQKRLYSNVYRADHVDPAFVSEYYEFLNKHF
FNILOQATTANVSALMGANGNKIVDKEVKDMQFDLYVNVYRSTSPDPKFVDKYYAFLNKHF
FNILQATTANVSALMSANGNTIIDREIKDMQFDLYINVYRKVVPDPKFVDKYYAFLNKHF
FNILOATTANVSALMGANGNTIVDEEVKDMQFELYVNVYRKSQPDPKFVDRYYAFLNKHF
FNICQAVSANLNTFLSVDGNKIYTTYVQELQRRLYLGIYRSNTVDNDLVLDYYNYLRKHF
FNICQAVTANVNALLSTDGNKIADKYVRNLQHRLYECLYRNRDVDTDFVNEFYAYLRKHF
FNICQAVTANVNALLSTDGNKIADKYVRNLQHRLYECLYRNRDVDHEFVDEFYAYLRKHF
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SOHTVLAEYDGEPCYYPYPDVSRILGACIFVNETEKTDPVONLERYISLAIDAYPLTKVD
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SQHTMQIVDKDGTYYLPYPDPSRILSAGVEVDD TDAIVLLERYVSLAIDAYPLSKHE
SQHSMLVEIDGEMRYLPYPDPSRILGACVEFVDDVEKTEPVVVMERYVALAIDAYPLIYHE
SQHTMLVEVDGEPRYLPYPDPSRILCACVFVDDLDKTESVAVMERY IALAIDAY PLVHHE
SOHTMLVKMDGDDVYLPYPNPSRILGAGCFVDDLLKTDSVLLIERFVSLAIDAYPLVYHE
SQHTMLVKIDGDYVYLPYPDPSRILGAGCFVDDLLKTDSVLLIERFVSLAIDAYPLVYHE
SQHTMLVKMDGDEVYLPYPDPSRILGAGCFVDDLLKTDSVLLIERFVSLAIDAYPLVYHE
SQHTLYIKDGDDGYFLPYPDPSRILSAGCFVDDIVKTDGTLMVERFVSLAIDAYPLTKHE
SQHTLYIKDGDDGYFLPYPDPSRILSAGCFVDDIVKTDGTVMMERYVSLAIDAY PLTKHD
SQHTLFIKDGDDGYFLPYPDPSRILSAGCFVDDIVKTDGTLMVERFVSLAIDAYPLTKHD
SQHTMLVEMNGEKVYLPYPDPSRILGAGCFVDDLLKTDGTLMMERYVSLAIDAYPLTKHA
SQHTMEVKQGDDYVYLPYPDPSRILGAGCFVDDIVKTDGILMIERFVSLAIDAYPLTKHP
SQHTMLVKQGDDYVYLPYPDPSRILGAGCFVDDIVKTDGTLMIERFVSLAIDAYPLTKHP
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Figure S5, Multiple sequence alignment of coronavirus nsp12s. Alignment of nsp12
from the alpha- (FCoV-65F, HCoV-229E, HCoV-NL63, HKU8, PEDV), beta- (HCoV-
0C43, HKU1, MHV MERS, HKU4, HKU5, HKU9, SARS-CoV, SARS-CoV-2), gamma
(HKU22, IBV), and delta- (HKU19, HKU11, PDCV) coronavirus genera. Global alignment
was done using Clustal Omega [2]. Residues marked with “*” are conserved,

-NKKGKVFYVLLDYIRKLANELQEGIMDAFQTSTDTSYINNFVTENFYSDMYAKAPVLQ
-PIKGKVFYLLLDYIRILAQELQDGILDTFQSMTDMSYVNNFVQEAFYAQMYEQSPTLQ
—-PIKGKVFYLLLDYIRVLAQELQDGILDAFQSLTDMSYVNNFMNEAFYAQMYEQSPTLQ
KPAYQKVFYALLDWVKHLOQKTLNAGILDSFSVTMLEDGQDKFWSEEFYASLYEKSTVLQ
KPEYRKVFYALLDWVKHLNKTLNEGVLESFSVTLLDEQESKFWDESFYASMYEKSTVLQ
NSEYRKVFYVLLDWVKHLNKNLNEGVLESFSVTLLDNQEDKFWCEDFYASMYENSTILQ
NPEYRKVFYVLLDWVKHLNNTLNQGVLESFSVTLLEDASSKFWDESFYANLYEKSAVLQ
NPEYKKVFYVLLDWVKHLYKTLNAGMLESFSVTLLEDSTAKFWDESFYANMYEKSAVLQ
NEEYGKVFYLLLSYIQTLYQRLSNDMLMDYSFVMNIDTSSKFWEEDFYRQMYESSPTLQ
NEEYKKVFFVLLSYIRKLYQELSQNMLMDYSFVMDIDKGSKFWEQEFYENMYRAPTTLQ
NEEYQKVFRVYLAYIKKLYNDLGNQILDSYSVILSTCDGQKFTDESFYKNMYLRSAVMQ
NEEYQKVFRVYLEYIKKLYNDLGTQILDSYSVILSTCDGLKFTEESFYKNMYLKSAVMQ
NPEYQNVFRVYLEYIKKLYNDLGNQILDSYSVILSTCDGQKFTDETFYKNMYLRSAVLQ
DIEYQONVFWVYLQYIEKLYKDLTGHMLDSYSVMLCGDNSAKFWEEAFYRDLYSSPTTLQ
DTEYQONVFWVYLQYIEKLYKDLTGHMLDSYSVMLCGDDSAKFWEEGFYRDLYSSPTTLQ
DPEYQONVFWVYLQYIEKLYKDLTGHMLDSYSVMLCGDNSAKFWEESFYRDLYTAPTTLQ
DPEYQONVFWCYLQYIKKLHEELTGHLLDTYSVMLASDNASKYWEVDFYENMYMESATLQ
NQEYADVFHLYLQYIRKLHDELTGHMLDMY SVMLTNDNTSRYWEPEFYEAMYTPHTVLQ
NQEYADVFHLYLQYIRKLHDELTGHMLDMYSVMLTNDNTSRYWEPEFYEAMYTPHTVL
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similar, and “.” are moderately similar residues.
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Figure S6: possible cross-effectiveness of CoV ant|V|raIs. In each figure PEDV nsp12
is shown in dark yellow and the RNA primer in dark pink, superimposed are SARS-CoV-
2 models in lighter, matching colors. A) The antiviral Remdesivir's 1’-cyano group (black
arrow) is believed to clash with SARS-CoV-2 nsp12 S861 in the +4 extension position.
Remdesivir incorporated into a nascent primer at +3 is shown (PDB ID: 7B3C). Due to
the sequence and spatial homology of S856 in PEDV we predict Remdesivir would have
similar effectiveness against PEDV. B) The dual action antiviral AT-527 was shown to bind
and inhibit the NiRAN domain of SARS-CoV-2 nsp12 (PDB ID: 7ED5). Several residues
important for drug binding are conserved in PEDV, shown are K48, K67, R110, N203, and
D212.
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Figure S7, full gel images for mutant nsp12 primer-extension assays: Primer
extension results for complexes with mutant nsp12s for PEDV and SARS-CoV-2. For
each experiment wildtype (wt) and mutant polymerase reactions were done in triplicate.
Viral cofactors, nsp7 and nsp8, were always provided in excess to nsp12 (wt or mutant).
Each experiment included one negative control reaction lacking nsp12.
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Figure S8, cryo-EM processing pipeline: Workflow for the processing of cryo-EM data
starting with 1,261 movies. All data processing was performed in cryoSPARC [1]. Poor
particles were removed through multiple rounds of 2D classification, then a subset of
polymerase classes were used to generate initial models for subsequent heterogenous
refinement with all remaining particles. Particles from classes resembling polymerases
were merged for further 3D refinement and a final round of heterogenous refinement into
nsp12 alone and polymerase complex maps. The complex map was further refined to our
final 3.3 A reconstruction.
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