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Table S1. Protein families detected by in-solution digestion of the whole venom.
Asterisks indicate protein families not detected by venom fractionation and in-gel
trypsin digestion.
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1 11 21 31 41 51
LAAQ-elapitoxin-Hs1 MNVF I I FSLLFLAALESCADDRRRPLEECTFQEAD Y EEFLEIARNGLNETSNPKHVVY VVGA
LAAQ-elapitoxin-Hs1 (proteoform) MNVF I I FSLLFLAALESCADDRRRPLEECT FQEAD Y EEFLEIARNGLNETSNPKHVVVVGA
L-amino-acid oxidase (N. scutatus) MNVFFMFSLLFLAALESCADDRRRPLEECFQEAD YEEFLEIARNGLNETSNPKHVVY VVYVYGA
L-amino-acid oxidase (P. australis) MNVFFMFSLLFLAALGSCADDRRRPLEECT FREAD Y EEFLEIAKNGLQRTSNPKRVVVVGA
L-amino-acid oxidase (B. fasciatus) MNVFS I FSLVFLAAFGSCADDRRS ALEECFREAD YEEFLEIARNG L KKTSNPKHVVVVGA
L-amino-acid oxidase (C. rhodostoma) MNVFFMFSLLFLAALGSCADDR.N[PLAECFQENDYEETFLEIARNGL KATSNPKHV Y IVGA
61 71 81 91 101 111
LAAQ-elapitoxin-Hs1 GMAGL SAAYVIAGAGH KV TLLEAS ERVGGRVNTYRNETEGWYVNMGPMRILPERHRI I REY
LAAQ-elapitoxin-Hs1 (proteoform) GMAGL SAAYVIAGAGH KV TLLEAS ERVGGRVNTYRNETEGWYVNMGPMRILPERHRI IREY
L-amino-acid oxidase (N. scutatus) GMAGL SAAYVIAGAGHNV TLLEAS ERVGGRVNTYRNETEGWYVNLGPMRLPERHRI IREY
L-amino-acid oxidase (P. australis) GMAGL SAAYVIAGAGHQV TLLEAS ERVGGRVNTYRNEKDGWYVNLGPMRLPERHRI IREY
L-amino-acid oxidase (B. fasciatus) GMAGL SAAYVIAGAGHRV TLLEASDRVGGRVNTYRDEUKEGWYVNMGPMRILPERHRI VRTY
L-amino-acid oxidase (C. rhodostoma) GMAGL SAAYVIAGAGHQV TVLEAS ERPGGRVRTYRNETEAGWYANL GPMRILPEKHR I VREY
121 131 141 151 161 171
LAAQ-elapitoxin-Hs1 IRKF GLELNEFLQENENAWYFIKNIRKRVWEVKKDPGVF FKYPLNPSEEGKSASQLYRESHIL
LAAQ-elapitoxin-Hs1 (proteoform) IRKFGLELNEFLQENENAWYFIKNIRKRVWEVKKDPGVF FKYPLNPSEEGKSASQLYRESIL
L-amino-acid oxidase (N. scutatus) IRKF GLKLNEFLQENENAWYFIRNIRKRVWEVKKDPGVF FKYPVEPSEEGKSASQLYRESIL
L-amino-acid oxidase (P. australis) IRKFGLELNEFIQENDNAWYFIKNIRKRVSEVKKDPGVFKYPVKPSEEGKSASQLYRESIL
L-amino-acid oxidase (B. fasciatus) IAKF GLKLNEFFQENENAWYFIRNIRKRVWEVKKDPGVF FKYPVKPSEEGKSASQLYRESIL
L-amino-acid oxidase (C. rhodostoma) IRKFDLRLNEFSQENDNAWYFIKNIRKKVGEVKKDPGTLLKYPVKPSEAGKSAGQLYEESIL
181 191 201 211 221 231
LAAQ-elapitoxin-Hs1 KKVIEELKRTSCSY | LNKYDTYST KEYLI KEGNL SRGAVDMIGKLLNEDSSYYLSFIESIL
LAAQ-elapitoxin-Hs1 (proteoform) KKVIEELKRTSCSY I LNKYDTYST KEYLI KEGNL SRGAVDMIGKLLNEDSSYYLSFIESIL
L-amino-acid oxidase (N. scutatus) EKVIEELKRTNCSY | LNKYDTYST KE YLI KEGNL SRGAVDMIGKLPNEDSSYYLSFIESIL
L-amino-acid oxidase (P. australis) QKV I EELKRTNCSY | LNKYDTYST KEYLI KEGNL SPGAVDMIGDLLNEDSSYYLSFIESIL
L-amino-acid oxidase (B. fasciatus) KKVI EELKRTNCSY I LDKYDTYST KEYLI KEGNL SRGAVDMIGDLLNEDSSYYLSFIESIL
L-amino-acid oxidase (C. rhodostoma) GKVVEELKRTNCSY I LNKYDTYST KEYVYLI KEGDL SPGAVDMIGDLLNEDSGYYVSFIESIL
241 251 261 271 281 291
LAAQ-elapitoxin-Hs1 KSDD I FS Y EKRFDE I VGGFDQLPI SMYQA ITAEMVHLNAQVIKIQHNAEEVRVAYQTPAKT
LAAQ-elapitoxin-Hs1 (proteoform) KSDD I FS Y EKRFDE I VGGFDQLPI SMYQA IAEMVHLNAQVIKIQHNAEEVRVAYQTPAKT
L-amino-acid oxidase (N. scutatus) KSDD L FS Y EKRFDE I VGGFDQLPI SMYQA ITAEMVHLNAQVIKIQHNAEEVRVAYQTPAKT
L-amino-acid oxidase (P. australis) KSDD I FS Y EKRFDE | VGGFDQLPRSMYQA IAEKVHLNAQVIKIQQNAEDVRVTYQTPAKT
L-amino-acid oxidase (B. fasciatus) KNDD L FS Y EKRFDE I SDGFDQLPKSMHQA ITAEMVHLNAQVIKIQRDAEKVRVAYQTPAKT
L-amino-acid oxidase (C. rhodostoma) KHDD I FAY EKRFDE | VDGMDKLPTAMYRD IQDKVHFNAQVIKIQQNDQKWVTVVY ETLSKE
301 311 321 331 341 351
LAAQ-elapitoxin-Hs1 LSYVTADYV IVCSTSRATRRIYFEPPLPPKKAHALRS I HYRSGTK I FLTCTRKFWEADG.I
LAAQ-elapitoxin-Hs1 (proteoform) LSYVTADYVIVCSTSRATRRIYFEPPLPPEKAHALQS | HYRSATK I FLTCTKKFWEDDG.I
L-amino-acid oxidase (N. scutatus) LSYVTADYVIVCSTSRAARRIYFEPPLPPKKAHALRS I HYRSGTK I FLTCTRKFWEADG.I
L-amino-acid oxidase (P. australis) LSYVI ADYVIVCSTSRAARRIHFEPPLPPKKAHA LRS I HYRSSTK I FLTCSQKFWEADG I
L-amino-acid oxidase (B. fasciatus) LSYVTADYVIVCATSRAVRRISFEPPLPPKKAHA LRS I HYKSATK I FLTCTRKFWEADG.I
L-amino-acid oxidase (C. rhodostoma) TPSVTADYV IVCTTSRAVRLIKFNPPLLPEKKAHALRS VHYRSGTK I FLTCTTKFWEDDG I
361 371 381 391 401 411
LAAQ-elapitoxin-Hs1 HGGK S TTDLPSRFI YYPNHNFTSG I GV IVAYTLADDADF FQALD I KTSADIVINDLSTL I H
LAAQ-elapitoxin-Hs1 (proteoform) HGGK S TTDLPSRFIYYPNHNFTSGIGVIVAYTLADDADF FQALD I KTSADIVINDLSTLIH
L-amino-acid oxidase (N. scutatus) HGGK S TTDLPSRFI YYPNHNFTSDVGVIVAYTLADDADTFFQALD I KTSADIVINDLSTL I H
L-amino-acid oxidase (P. australis) HGGK S TTDLPSRFIYYPNHSFTSGIGVIVAYTLADDTDFFQALD I ETSADIVINDLSL I H
L-amino-acid oxidase (B. fasciatus) HGGK S TTDLPSRFI YYPNHNFTSGVGVIVAYVLADDSDFFQALD I KTSADIVINDLSTLIH
L-amino-acid oxidase (C. rhodostoma) HGGK S TTDLPSRFIYYPNHNFTNGVGV I | AYGIGDDANF FQALDF KD CADIVFNDLSL I H
421 431 441 451 461 471
LAAQ-elapitoxin-Hs1 QLPKEEIQALCYPSMIQKWSLDKY AMGA I TSFTPYQFQDFIETVAAPVGRIYFAGEYTAS
LAAQ-elapitoxin-Hs1 (proteoform) QLPKEEIQALCYPSMIQKWSLDKYAMGA I TSFTPYQFQDFIETVAAPVGRIYFAGEYTAS
L-amino-acid oxidase (N. scutatus) QLPKEEIQALCYPSMI KKWSLDKYAMGA I TSFTPYQFQDFIETVAAPVGRIYFAGEYTAR
L-amino-acid oxidase (P. australis) QLPKEQIQALCYPSKIQKWSLDEYAMGA I TSFTPYQFQDFFEIVAAPVGRIYFAGEYTAS
L-amino-acid oxidase (B. fasciatus) QLPKNEIQALCYPS LI KKWSLDKY TMGA L/ITSFTPYQFQDVYIETVAAPVGRIYFAGEYTAT
L-amino-acid oxidase (C. rhodostoma) QLPK KD1 QS FCYPS VI QKWSILDKY AMGG I TTFTP YQFQHFSDPLTASQGRIYFAGEJYTARQOQ
481 491 501 511
LAAQ-elapitoxin-Hs1 VHGW L DNT | KSGLTAARDVNRASQKPSRIQLISDNAQL
LAAQ-elapitoxin-Hs1 (proteoform) VHGW L DNT I KSGLTAARDVNRASQKP SR IQLISDNAQL
L-amino-acid oxidase (N. scutatus) VHGW L DS T | KSGLTAARDVNRASQKP SRRAQLSNDNEL
L-amino-acid oxidase (P. australis) VHGW L DS T | KSGLTAARDVNLASQKP SR IQLSNDNETL
L-amino-acid oxidase (B. fasciatus) VHGW L DS T | KSGLTAARNVNRASQKP SR I HLINDNAQL
L-amino-acid oxidase (C. rhodostoma) AHGW I DS T | KSGLRAARDVNLASENPSG I HLSND N E L

Figure S1. Deduced amino acid sequences for a new LAAO toxin (LAAO-
elapitoxin-Hs1; row 1) and a proteoform of this differing by four residues (yellow
shaded; row 2) found in H. stephensii venom compared to the previously
identified L-amino-acid-oxidases in N. scutatus venom (Q4JHE2; row 3), P.
australis venom (Q4JHE1; row 4), B. fasciatus (A8QL52; row 5) and Calloselasma
rhodostoma (P81382; row 6). The signal sequence is shaded orange, conserved
cysteine residues are shaded in blue and shaded grey areas indicate the same
residue compared to LAAO-elapitoxin-Hs1.
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11 21 31 41 51
ILTFLWS VPEAESNVFLKSKVANRFLQOQRTIKRSNSLFEEIRPGNIERECIEE
ILTFLWS VPEAESNVFLKSKVANRFLQRTKRSNSLFEEIRPGNIERECI EE
| LTFLWS VPEAESNVFLKSKVANRFLQRTKRSNSLFEEI RPGNIERECI EE
| LTFLWS VPEAESNVFLKSKVANRFLQRTKRSNSLFEEIRPGNIERECI EE
ILTFLWS VPEAESNVFLKSKVANRFLOQRTKRSNSLFEEI RPGNIERECI E
7 31 9 101 111
VFEDNEKTETFWNVY VDGDQCSSNPCHYHGTCKDG I GSYTCTCLPNYEGKN
AFEDNEKTETFWNVY VDGDQCSSNPCHYHGTCKDG I GSYTCTCLPNYEGKN
MLDGDQCSSNPCHYHGTCKDG I GSYTCTCLPNYEGKN
AFEDNEKTETFWNVY VDGDQCSSNPCHYHGTCKDG I GSYTCTCLPNYEGKN
AFEDNEKTETFWNVY VDGDQCSSNPCHYHGTCKDG I GSYTCTCLPNYEGKN
AFEDNEKTETFWNVY VDGDQCSSNPCHYHGTCKDG I GSYTCTCLPNYEGKN
131 141 151 161 171
RAFNGNCWHFCKRYVQSETQCSCAESYRLGVDGHSCVAEGDFSCGRN 1 KARN
RAFNGNCWHFCKRVQS ETQCSCAESYRLGVDGHSCVAEGDFSCGRN I KARN
RAFNGNCWHFCKRVQS ETQCSCAESYRLGVDGHSCVAEGDF FSCGRN I KARN
RAFNGNCWHFCKRVQS ETQCSCAESYRLGVDGHSCVAEGDF FSCGRN I KARN
RAFNGNCWHFCKRVQS ETQCSCAESYRLGVDGHSCVAEGDFSCGRN I KARN
RAFNGNCWHFCKRVQS ETQCSCAESYRLGVDGHSCVAEGDFSCGRN I KARN
191 201 211 221 231
VOQSQKATLLKKSDNP SPDI RIVNGMD SKLGECPWQAV LINEKGEVFCGGT I
VQSQKATLLKKSDNP SPDI RIVNGMD SKLGECPWQAV LINEKGEVFCGGT I
VOQSQKATLLKKSDNP SPDI RIVNGMD SKLGECPWQAVLINEKGEVFCGGT I
VOQSQKATLLKKSDNP SPDI RIVNGMD SKLGECPWQAV LI NEKGEVFCGGT I
VOQSQKATLLKKSDNP SPDI RIVNGMD SKLGECPWQAV LINEKGEVFCGGT I
VOQSQKATLLKKSDNP SPDI RIVNGMD SKLGECPWQAV LINEKGEVFCGGT I
MDSKLGECPWQAVLINEKGEVFCGGT I
MDSKLGECPWQAV LI NEKGEVFCGGT I
251 261 271 281 291
AHCINQTK SV SVIVGE I DI SRKETRRLLSVDKIYVHTKFVPPNYYYGHQNF
AHCINQTK SV SVIVGE I DI SRKETRRLLSVDKIYVHTKFVPPNYYYGHOQNF
AHCINQTKSVSVIVGE I DI SRKETRRLLSVDKIYVHTKFVPPNYYYGHQNF
AHCINQTKSVSVIVGE I DI SRKETRRLLSVDKIYVHTKFVPPNYYYGHQNF
ARSEERRVGKECRSRWS
AHCINQTKSVSVIVGE I DI SRKETRR L L VDKIYVRSEERRVGKECRSRWS
AHCINQTKSVSVIVGE I DI SRKETRR L VDKIYVHTKFVPPNYYYGHAQNF
AHCINQTK SV SVIVGE I DI SRKETRR L VDKIYVHTKF PPNYY Y GHQNF
m 321 331 341 351
AIIRMKTP I QFSENVVPACLPTADFANEVLMKAQDSG I VSGFGRIRFKEPTS
AIIRMKTP I QFSENVVPACLPTADFANEV LMKQDS G I VS G FGRIRFKE TS
AIIRMKTP I QFSENVVPACLPTADFANEV LMKQDS G I VS G FGRIRFKEPTS
AIIRMKTP I QFSENVVPACLPTADFANEVQIGRASCRERYV
AIIRMKTP I QFSENVVPACLPTADFANEVLMKAQDS G I VS5 G FGRIRFKEPTS
AIIRMKTP I QFSENVVPACLPTADFANEV LMKAQDS G I VS G FGRIRFKEPTS

an 381 351 401 411

YVDRHTCML S SDFRI TQNMF CAGYDT LPQDACEGD SGGPHITAYGDTHF I T
YVDRHTCML S SDFRI TQNMF CAGYDT LPQDACEGDSGGPHITAYGDTHFI T
YVDRHT CML S SDFRI TQNMF CAGYDT LPQD ACEGDSGGPHITAYGDTHF I T
YVDRHTCML S SDFRI TQNMF CAGYDT LPQDACEGD SGGPHITAYGDTHF I T
YVDRHTCML S SDFRI TQNMF CAGYDT LPQDACEGD SGGPHITAYGDTHF I T

431 441 451

ARKGKY GVY TKVSRF I PWI KKIMS LK
ARKGKY GV Y TKVSRF I PWI KKIMS LK
ARKGKY GVY TKVSRF I PWI KKIMS LK
ARKGQ Il GRA S CRERV

ARKGKY GVY TKVSRF I PWI KKIMSLK

Figure S2. Seven deduced protein sequences from the transcriptome after
matching with fragments from MS/MS, which were then matched using a BLAST
search in UniProt to the previously identified hopsarin (P83370). The domains are
shaded as follows: signal peptide (red), propeptide (yellow), light chain (blue),
activation peptide (grey) and heavy chain (green), with non-shaded areas
indicating different residues, importantly residues 3 and 70 that differ to
hopsarin. Regions of the deduced sequence where MS/MS protein fragments
matched are in bold blue (light chain) and bold green (heavy chain).
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V8NP13 V8NP13_OPHHA

L (O3HXY9 NGFV1_PSETE
Q3HXY0 NGFV1_HOPST

L Q3HXX9 NGFV2_HOPST

Figure S3. Tree diagram of the seven sequences for NGFs from Figure 10 using
ALIGN in UniProt. This indicates that the new NGF-elapitoxin-Hs1 (transcript id:
Shannon_61405) we identified is most similar to two previously identified NGFs
in the closely related species, N. scutatus (NGFV1_NOTSC) and T. carinatus
(NGFV2_TROCA). The previously identified NGFs in H. stephensii venom
(NGFVI_HOPST and NGFV2_HOPST), have sequences closer to P. textilis
(NGFV1_PSETE) and O. hannah (VBNP13_OPHHA), species in a different clade
and a different subfamily, respectively. .

The crude venom of H. stephensii (pooled from two individuals), was
first subjected to sodium dodecyl sulfate polyacrylamide gel
electrophoresis (SDS-PAGE) analysis (Figure S4). The electrophoretic
venom profile was compared with an Asian elapid — the monocled cobra
Naja kaouthia, and two other species of Australian elapids — Southern
death adder Acanthophis antarcticus and the Papuan black snake
Pseudechis papuanus (Figure S4). A remarkable feature of the venom
profile of H. stephensii was the unusually high abundance of high
molecular weight toxins in the mass range of 60 to 90kDa. This was
calculated by densitometry to be 45% of the whole venom (Table S2).
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Figure S4. SDS-PAGE analysis of four elapid snake venoms shows the unusually
high proportion of high molecular weight toxins (60 to 90kDa), in the venom of
Hoplocephalus stephensii (pooled from two individuals), compared to elapid
species with “typical” elapid 3FTx or PLA:2 (5 to 15kDa) dominant venoms;
Monocled Cobra Naja kaouthia, Southern death adder Acanthophis antarcticus, and
Papuan black snake Pseudechis papuanus.



Toxins 2022, 14, 314

50f5

Table S2. Densitometry of the whole venom of Hoplocephalus stephensii (taken
from Figure S3), showing the high molecular weight toxins SVMP and LAAO
make up 45% of the whole venom when fractionated electrophoretically.

Lane

S G Y

Densitometry of WV Pooled 2 Individuals

Band No. Band %

1

N O Ui Wi

44.62928 45% high molecular weight
3.842845
2.24096
2.058681
2.122584
22.29095
18.2846
4.530104




