
Supplementary Material S1 Immunomodulatory (IM) peptides applicable as immunoadjuvants with a length of 10 and 15 amino 

acid residues encrypted in various arthropod AMPs. IM peptides with a score ≥ 0.7 were retrieved using the VaxinPAD program.   

 

 

SPECI
E 

Name of 
parent 
peptide 

Antimicrobial peptide 
Pept
ide 
ID 

Proposed 
IM 

sequence 
from 

Vaxinpad 

Hyas 
araneu

s 
Arasin 2 SRWPSPGRPRPFPGRPNPIFRPRPCICVRQPCPCDTY 

HAa
ra2-
163 

PCICVRQ
PCP 

Portun
us 

trituber
culatus 

PtesALF1 YEALVTSILGKLTGLWHNDSVDFMGHICYFRRRPKIRRFKLYHEGKFWCPGWAPFEGRCKYCVVF 
PTe
salf1
-457 

ICYFRRR
PKIRRFK

L 

Macro
brachiu

m 
rosenb
ergii 

MrH4 MTGRGKGGKGLGKGGAKRHRKVLRDNIQGITKPAIRRLARRGGVKRISGLIYEETRGVLKVFLENVIRDAVTYTEHAKR
KTVTAMDVVYALKRQGRTLYGFGG 

MR
h4-
679 

KPAIRRL
ARR 

Scylla 
parama
mosain 

Arasin-
likeSp SPRVSRRYGRPFGGRPFVGGQFGGRPGCVCIRSPCPCANYG 

SPA
ara-
291 

CVCIRSP
CPC 

Scylla 
parama
mosain 

Sp-ALF1 YETLIASVLGKLTGLWHNNSVDFMGHTCHFRRRPKVRKFKLYHEGKFWCPGWAPFEGRSRTKSRSGSSREAIKDFVRKA
LQNGLITQQDATVWVN 

SPal
f1-
452 

RRRPKV
RKFK 

Calliph
ora 

vicina 
Alloferon HGVSGHGQHGVHG CVa

ll-91 
SGHGQH

GVHG 

Limulu
s 

LALF DGIWTQLIFTLVKNLATLWQSGDFQFLDHECHYRIKPTFRRLKWKYKGKFWCPSWTSITGRATKSSRSGAVEHSVRNFV
GQAKSSGLITQRQAEQFISQYN 

LPla
l-

YRIKPTF
RRLKWK



polyph
emus 

455 YK 

Pachyc
ondyla 
goeldii 

Ponericin 
W3 GIWGTLAKIGIKAVPRVISMLKKKKQ 

PGp
onW

3-
227 

VPRVISM
LKK 

Pterom
alus 

puparu
m 

PP113 GKWGWIYITILFADVGGFKSSRHPEERRVQERRFKRITRGPD 

PPp
p11
3-

266 

RVQERR
FKRI 

Ixodes 
ricinus DefMT5 GFFCPYNGYCDRCRKKLRRRGGYCGGRWKLTCICIMN 

IRde
fmt5
-704 

RCRKKL
RRRG 

Laches
ana 

tarabae
vi 

Latarcin-1 SMWSGMWRRKLKKLRNALKKKLKGE 
LTla
t1-
381 

GMWRR
KLKKL 

Mesob
uthus 

marten
sii 

BmKbpp FRFGSFLKKVWKSKLAKKLRSKGKQLLKDYANKVLNGPEEEAAAPAE 
MM
bmk
-503 

SFLKKV
WKSKLA

KKL 

Gastro
physa 

atrocya
nea 

Diapause-
specific 
peptide 

AVRIGPCDQVCPRIVPERHECCRAHGRSGYAYCSGGGMYCN 
GAd
ia-
145 

VRIGPCD
QVCPRIV

P 

Laches
ana 

tarabae
vi 

Latarcin-5 GFFGKMKEYFKKFGASFKRRFANLKKRL 
LTla
t5-
387 

FKRRFA
NLKK 

Oiketic
us 

kirbyi 
Cecropin WKPFKKIEKAVRRVRDGVAKAGPAVAVVGQAT 

OKc
ec-
603 

WKPFKK
IEKAVRR

VR 

Lucilia 
sericat

a 

LSerStomo
x1 AGFRKRFNKLVKKVKHTIKETANVSKDVAIVAGSGVAVGAAMG 

LSer
sto1
-548 

RKRFNK
LVKKVK

HTI 

Galleri
a 

AGm1 ENFFKEKERKGQRIRDAIISRRPRVETLAQAQKIIKGGD GM
agm RIRDAIIS



mellon
ella 

1-
684 

RR 

Calline
ctes 

sapidus 
Callinectin WNSNRRFRVGRPPVVGRPGCVCFRAPCPCSNY 

CSc
al-
89 

CVCFRA
PCPC 

Rhipice
phalus 
haema
physalo

ides 

Rhamp ERILDLRKTKKSCKNGEVLGCVSGHGPPGCSENECGMGPRPKACFFDCHYGCWCTGKLYRRKRDRKCVPKHECLL 
RHr
ha-
419 

RRKRDR
KCVP 

Parabu
thus 

schlech
teri 

Parabutopo
rin FKLGSFLKKAWKSKLAKKLRAKGKEMLKDYAKGLLEGGSEEVPGQ 

PSp
ar-
351 

SFLKKA
WKSKLA

KKL 

Scylla 
parama
mosain 

Sp-ALF2 YEALVASILGKLSGLWHSDTVDFMGHTCHIRRRPKFRKFKLYHEGKFWCPGWTHLEGNSRTKSRSGSARDAIKDFVYKA
LQNKLITENNAAAWLK 

SPal
f2-
453 

HIRRRPK
FRK 

Scylla 
parama
mosain 

Sp-ALF3 YEALVASILGKLSGLWHSDTVDFMGHTCHIRRRPKFRKFKLYHEGKFWCPGWTHLEGNSRTKSRSGSARDAIKDFVYKA
LQNKLITENNAAAWLK 

SPal
f2-

453- 

TCHIRRR
PKFRKF

KL 

Ixodes 
scapula

ris 

Scapularisi
n-3 AFGCPFDQGTCHSHCRSIRRRGRRCASFAKRTCTCYQK 

ISsc
a3-
531 

IRRRGRR
CASFAK

RT 

Macro
pis 

fulvipes 
Macropin 1 GFGMALKLLKKVL 

MF
mac
1-

176 

GMALKL
LKKV 

Vaejovi
s 

punctat
us 

VpAmp1.0 LPFFLLSLIPSAISAIKKI 
VPa
mp1
-709 

IPSAISAI
KK 

Drosop
hila 

melano
gaster 

Cecropin-C GWLKKLGKRIERIGQHTRDATIQGLGIAQQAANVAATARG 

DM
cec
C-

120 

LKKLGK
RIERIGQ

HT 

Androc
tonus Androctoni RSVCRQIKICRRRGGCYYKCTNRPY AAa

nd- RQIKICR



australi
s 

n 324 RRG 

Cryptot
ympan
a dubia 

Cryptonin GLLNGLALRLGKRALKKIIKRLCR 
CDc
ry10

6 

RALKKII
KRL 

Bomby
x mori Moricin 2 AKIPIKAIKTVGKAVGKGLRAINIASTANDVFNFLKPKKRKH 

BM
mor
2-64 

NFLKPK
KRKH 

Scylla 
serrata SsALF QYEALVASILGKLSGLWHSDTVDFMGHTCHIRRKPKFRKFKLYHEGKFWCPGWTHLEGNSRTKSRSGSTREATKDFVHK

ALQNKLITKNSADAWLKG 

Ssal
f-

495 

TCHIRRK
PKFRKF

KL 

Litopen
aeus 

vanna
mei 

Histone 
H2A 

SGRGKGGKVKGKSKSRSSRAGLQFPVGRIHRLLRKGNYAERVGAGAPVYLAAVMEYLAAEVLELAGNAARDNKKTRIV
PRHLQLAIRNDEELNKLLSGVTIAQGGVLPNIQAVLLPKKTEKK 

LVh
is-

638 

KKTRIVP
RHLQLAI

R 

Derma
centor 
silvaru

m 

Ds-defensin VPAESEAAHLRVRRGFGCPLNQGACHNHCRSIRRRGGYCSGIIKQTCTCYRN 
DSd
ef-
706 

LRVRRG
FGCP 

Portun
us 

trituber
culatus 

PtALF7 QYEALTAAILTKLSKMWHSDTLNFLGHTCHVSRTPTVKRFKLYWKGKFWCPGWAPFSGTSRTKSRSGSAREATKSFVDQ
ALQRRLITQQEADLWLKG 

PTal
f7-
456 

VKRFKL
YWKG 

Scolop
endra 

mutilan
s 

Scolopin-1 FLPKMSTKLRVPYRRGTKDYH 
SMs
co1-
594 

TKLRVP
YRRG 

Peripla
neta 

americ
ana 

ISGCock_
Contig13_4

610?1 
YPCKLNLKLGKVPFHF 

PAis
g13-
726 

YPCKLN
LKLGKV

PFH 

Galleri
a 

mellon
ella 

Gm1 ENFFKEIERAGQRIRDAIISAAPAVETLAQAQKIIKGGD 
GM
gm1
-136 

QRIRDAI
ISA 

Acalole
pta 

Luxuriosin SVRTQDNAVNRQIFGSNGPYRDFQLSDCYLPLETNPYCNEWQFAYHWNNALMDCERAIYHGCNRTRNNFITLTACKNQ ALl RAIYHG



luxurio
sa 

AGPICNRRRH ux-2 CNRT 

Bomby
x mori Moricin AKIPIKAIKTVGKAVGKGLRAINIASTANDVFNFLKPKKRKA 

BM
mor-
72 

FNFLKPK
KRK 

Vespa 
tropica 

Mastoparan
-VT3 INLKAITALAKKLL 

VT
mas
3-

505 

LKAITAL
AKK 

Bomby
x mori 

CECD_BO
MMO 

Cecropin-D 
precursor 

 

GNFFKDLEKMGQRVRDAVISAAPAVDTLAKAKALGQ 

BM
cec-
70 

QRVRDA
VISA 

Acanth
oscurri

a 
gomesi

ana 

Gomesin QCRRLCYKQRCVTYCRGR 
AGg
om-
328 

RRLCYK
QRCV 

Mischo
cyttaru

s 
phthisi

cus 

Mp_mastop
aran MP INWLKLGKKMMSAL 

MP
mas-
180 

LKLGKK
MMSA 

Rhipice
phalus 
micropl

us 

Microplusi
n 

HHQELCTKGDDALVTELECIRLRISPETNAAFDNAVQQLNCLNRACAYRKMCATNNLEQAMSVYFTNEQIKEIHDAATA
CDPEAHHEHDH 

RM
mic-
375 

ECIRLRIS
PE 

Mesob
uthus 

eupeus 
Meucin-25 VKLIQIRIWIQYVTVLQMFSMKTKQ 

ME
meu
25-
416 

VKLIQIRI
WI 

Drosop
hila 

melano
gaster 

Drosomyci
n-2 DCLSGKYKGPCAVWDNEMCRRICKEEGHISGHCSPSLKCWCEGC 

DM
dro2
-110 

PCAVWD
NEMCRR

ICK 

Oxyope
s 

Oxyopinin-
2 GKFSVFGKILRSIAKVFKGVGKVRKQFKTASDLDKNQ OKo

xy2-
AKVFKG
VGKVRK



kitaben
sis 

371 QFK 

Pacifas
tacus 

leniusc
ulus 

Astacidin 1 FKVQNQHGQVVKIFHH 
PIas

t-
417 

FKVQNQ
HGQVVK

IFH 

Oxyope
s 

takobiu
s 

Oxt 4a GIRCPKSWKCKAFKQRVLKRLLAMLRQHAF 
OTo
xt4a
-429 

RVLKRL
LAML 

Laches
ana 

tarabae
vi 

Latarcin-2a GLFGKLIKKFGRKAISYAVKKARGKH 
LTla
t2a-
382 

IKKFGRK
AISYAV

KK 

Scolop
endra 

subspin
ipes 

mutilan
s 

Scolopendi
n 1 MDSFQKIEKIGEGTYGVVYKAKDKVSGRLVALKKIRLENESEGVPSTA 

SS
Msc
o1-
529 

RLVALK
KIRL 

Macro
pis 

fulvipes 
Macropin 2 GTGLPMSERRKIMLMMR 

MF
mac
2-

177 

ERRKIM
LMMR 

Ceratiti
s 

capitat
a 

Ceratotoxin 
C SLGGVISGAKKVAKVAIPIGKAVLPVVAKLVG 

CCc
erC-
94 

VISGAK
KVAKVA

IPI 

Podisu
s 

maculi
ventris 

Thanatin GSKKPVPIIYCNRRTGKCQRM 
PMt
ha-
315 

KKPVPII
YCNRRT

GK 

Laches
ana 

tarabae
vi 

Cytoinsecto
toxin 1-13 GFFGNTWKKIKGKADKIMLKKAVKIMVKKEGISKEEAQAKVDAMSKKQIRLYLLKHYGKKLFKKRPKNCDQ 

LTc
yt1-
13-
628 

LKHYGK
KLFK 

Bactro Bactrocerin VGKTWIKVIRGIGKSKIKWQ BDb IKVIRGI



cera 
dorsali

s 

-1 ac1-
56 

GKS 

Bactro
cera 

dorsali
s 

Bactrocerin
-1 VGKTWIKVIRGIGKSKIKWQ 

BDb
ac1-
56- 

WIKVIRG
IGKSKIK

W 

Vespa 
magnifi

ca 

Vespid 
chemotactic 
peptide 5g 

FLIIRRPIVLGLL 
VM
ves-
579 

FLIIRRPI
VL 

Simuliu
m 

bannae
nse 

SibaCec GKLTKDKLKRGAKKALNVASKVAPIVAAGASIAR 
SBsi

b-
711 

KLKRGA
KKAL 

Ixodes 
sinensi

s 
Ixosin-B QLKVDLWGTRSGIQPEQHSSGKSDVRRWRSRY 

ISix
oB-
169 

KSDVRR
WRSR 

Hyalop
hora 

cecropi
a 

Cecropin-A KWKLFKKIEKVGQNIRDGIIKAGPAVAVVGQATQIAK 
HCc
ecA-
322 

WKLFKK
IEKVGQ

NIR 

Haplop
elma 

hainan
um 

Oh-
defensin MLCKLSMFGAVLGVPACAIDCLPMGKTGGSCEGGVCGCRKLTFKILWDKKFG 

5HH
oh-
d-

431 

GCRKLT
FKIL 

Peripla
neta 

americ
ana 

ISGCock_
Contig12_4

176 
VGRKHSILNCIPYLKKKKIMRL 

PAis
g12-
732 

LNCIPYL
KKKKIM

RL 

Bomby
x mori Attacin 

QAGSFTVNSDGTSGAALKVPLTGNDKNVLSAIGSADFNDRHKLSAASAGLALDNVNGHGLSLTGTRIPGFGEQLGVAGK
VNLFHNNNHDLSAKAFAIRNSPSAIPNAPNFNTLGGGVDYMFKQKVGASLSAAHSDVINRNDYSAGGKLNLFRSPSSSLD

FNAGFKKFDTPFYRSSWEPNVGFSFSKFF 

BM
att-
73 

SAKAFAI
RNSPSAI

P 

Litopen
aeus 

styliros
tris 

Ls-
Stylicin1 SSFSPPRGPPGWGPPCVQQPCPKCPYDDYKCPTCDKFPECEECPHISIGCECGYFSCECPKPVCEPCESPIAELIKKGGYKG 

LSst
y1-
174 

PCVQQP
CPKC 



Hogna 
carolin
ensis 

Lycotoxin-
2 KIKWFKTMKSIAKFIAKEQMKKHLGGE 

HCl
yc2-
363 

KIKWFK
TMKS 

Galleri
a 

mellon
ella 

G. 
mellonella 
moricin-

like peptide 
A 

KVNANAIKKGGKAIGKGFKVISAASTAHDVYEHIKNRRH 

GM
g.me
A-
137 

AIGKGF
KVIS 

Cicada 
flamma

ta 
Cicadin NEYHGFVDKANNENKRKKQQGRDDFVVKPNNFANRRRKDDYNENYYDDVDAADVV 

CFci
c-

619 

NFANRR
RKDD 

Anther
aea 

pernyi 
pro-ApCec APEPKWKFFKKIERVGQNIRDGIIKAGPAVAVVGQATNIAKG 

APp
ro-
763 

WKFFKK
IERVGQ

NIR 

Drosop
hila 

melano
gaster 

CEC3_DR
OVI 

Cecropin-3 
precursor 

GWLKKIGKKIERIGQHTRDATIQGVGIAQQAANVAATAR 
DM
cec3
-121 

LKKIGK
KIERIGQ

HT 

Helioth
is 

viresce
ns 

Cecropin-B KWKVFKKIEKVGRNIRDGIVKAGPAIAVLGQAN 
HVc
ecB-
155 

KWKVFK
KIEK 

Laches
ana 

tarabae
vi 

Cytoinsecto
toxin-1a GFFGNTWKKIKGKADKIMLKKAVKIMVKKEGISKEEAQAKVDAMSKKQIRLYLLKYYGKKALQKASEKL 

LTc
yt1a
-467 

MLKKAV
KIMV 

Locust
a 

migrat
oria 

Locustin ATTGCSCPQCIIFDPICASSYKNGRRGFSSGCHMRCYNRCHGTDYFQISKGSKCI 
LMl
oc-
179 

HMRCYN
RCHG 

Mandu
ca 

sexta 

Bactericidi
n B-3 WNPFKELERAGQRVRDAIISAGPAVATVGQAAAIARG 

MSb
acB
3-

312 

QRVRDA
IISA 

Hypha
ntria 
cunea 

Hyphancin 
IIIE RWKFFKKIERVGQNVRDGLIKAGPAIQVLGAAKAL 

HCh
ypE-
166 

WKFFKK
IERVGQ

NVR 



Pandin
us 

imperat
or 

Pandinin-1 GKVWDWIKSAAKKIWSSEPVSQLKGQVLNAAKNYVAEKIGATPT 
PIpa
n1-
365 

KVWDWI
KSAAKK

IWS 

Oxyope
s 

kitaben
sis 

Oxyopinin-
2d GKFSVFSKILRSIAKVFKGVGKVRKGFKTASDLDKNQ 

OKo
xy2
b-

374 

AKVFKG
VGKVRK

GFK 

 


