Running title: Insights into AgBR1 Zika virus immunomodulator

SUPPORTING INFORMATION

The structural and functional significance of Aedes aegypti AgBR1 flavivirus

immunomodulator

Ane Martinez-Castillo!, Diego Barriales?, Mikel Azkargorta®, Juan Diego Zalamea®, Ana
Arda*®, Jesus Jimenez-Barbero*®, Monika Gonzalez-Lopez®, Ana M Aransay®®, Alejandro

Marin-L6pez’, Erol Fikrig’, Felix Elortza®®, Juan Anguita®®, Nicola GA Abrescial®®

IStructure and Cell Biology of Viruses Lab, Center for Cooperative Research in Biosciences

(CIC bioGUNE) - Basque Research and Technology Alliance (BRTA); Derio, Spain.
2Inflammation and Macrophage Plasticity Laboratory, CIC bioGUNE — BRTA,; Derio, Spain.
3Proteomics Platform, CIC bioGUNE - BRTA; Derio, Spain.

“Chemical Glycobiology Laboratory, CIC bioGUNE — BRTA; Derio, Spain.
*IKERBASQUE, Basque Foundation for Science; Bilbao, Spain.

8Genome Analysis Platform, CIC bioGUNE — BRTA,; Derio, Spain.

’Section of Infectious Diseases, Department of Internal Medicine, School of Medicine, Yale

University, New Haven, CT, USA.

8Centro de Investigacion Biomédica en Red de Enfermedades Hepaticas y Digestivas

(CIBERehd), Instituto de Salud Carlos I11; Madrid, Spain.

Correspondence: nabrescia@cichiogune.es

Keywords: Zika virus, mosquito salivary proteins, immunomodulators


mailto:nabrescia@cicbiogune.es

s wWwNh R B W BWN R B W BWN = BWN =

BsWN

Running title: Insights into AgBR1 Zika virus immunomodulator

1 ai
AgBR1 Lﬂuuuuz 200 00000
1 10 290 ; 49 59
AGBRY oo een @ MWFFKIGALLFLAALVSANNAT QM S|LIIE G|L[§K|I TVTD|IE|
IDGE=2 v MKAW/IWFTF ACLF‘ ....... AAS|ITE SISY|TIIE GLEKLLNPD|LE
CHI3L1 ..... MGVKASQITGEFMYVLVL. . . v v v .. LQ|CC W|S QIY}SIE GD[&S|ICF PDA|LD
CHI3L2 MGATTMDQKS[LWAGVNYVLLL........ LOlGG| wis QDEQ EP[EKIF TP EN|I D)

at B2 B2’ az a2
AgBR1 QQQQQ =P TTT =P 0000 000000000
69 79 8(_) 99
AgBR1 LALPF[ETEIL LGEFEG|VINPE|IT[YRILKALDE|SILIELD SGKGQ|Y/RLIA T TR
IDGF-2 TALQF[®SEIL VHGYENG|LIRG|E|N[LIQAY SMNE|N[L|. .DIYKHQIF|SE[VT Sp#4R
CHI3L1 . .RFL[MTEII INSFEIN|I[SND|HIDTWEWNDVIT|. . . . .. . L{Y|GML N TpRN|
CHI3L2 . .PFL[ESEIL INSFES[IENNKV/I|IKDKISEVM. ... ... LIY|Q T|I N SpBHT

Qa as B4
AgBR1 T Q0000000 Q.000000000000000Q0Q —
120 130 140 150 160 ok
AgBR1 Y[KDL[TEEKPFEKYLTL[LESA. GSRTARVINEV]Y S T[LK T|Y DjSiYeR® L A WQ[F[AQT KPKIRIRGW
IDGF-2 D|HDIDPDHPN.KYIDLLEGEKV[RQIGRII|REAYD LVK T|Y GjgisledMs]L. A Y|QO[FjdKN KIP[RKV HGD
CHI3L1 NFGSQ...... RFSK|IASNTQ|SRRTII|KEFV|PP F|LR T|HGj3iseR®s] 1. A W|L|YI4GRRD[KIQH . . .
CHI3L2 Y|LFGSK...... GFHPMVDSST|SRILEGINEI|ILF|LRNHNj3[eINs]V SWIYIIDOKENTH. . .

a4 B5
000000000000000Q00Q0Q0Q ——:
179 189 199 209 219 229

AgBR1 TGKVWHGFKKLFTGDSVLDPEADEHREERYAMVRDLKINALVADN. . ... .. FIMGLT|V|.|L
IDGF-2 LGLAWKSIKKLFTGDFIVDPHAALHKEOQJWYAMVRDVKDSLRADG. ... ... F(LpAS LIT|V|. |L
CHI3L1l TR T KEMKIAEF IKIEAQ . PGKKQUL|LMS AA(LIS
CHI3L2 VIS THELAEAFQK[DIFTKSTKERL|LEMT AIG[V|S

AgBR1

ab a5 B6
AgBRI TT Q000 Q000000 == -> TT TT QQ
230_ 24(_) 25? 269 27(_)
AgBR1 PHVNESIFMDVPLKDNLEYVNLASFEQOQTPERNPKEGD Y[TARIYEPSE. . .RVEGNRVD
IDGF-2 PNVN|STWY[FDIPALNGLVPFVNLATFMF|LTPARNPEEADY|SAJIIYHPDGSKDRLAHLIAD
CHI3L1 GKVT|IDSS|YDIAK|ISQHLIFISIMTYRFHGAWR|G|.|. T TGHHSIHLFRGQEDASPDRFSITD
CHI3L2 IDNS|YQVEK|LAKDLIYF INLLSFBFIHG S WEK WQDRGPSSYYRIVE

LITGHNSIHLSKG

[o(3 B7 Ba
AgBR1 QQ0Q0Q0Q0Q0Q DQ Qu—  m— 000 -> TTT TT=>
289 299 309 310 320 330

AgBR1 EASMWLKOETIAAGII VIEIPWY[ERGWKMVIEKSGITEVIRP IPAD|. (e33S(I|P[e]P H|S|G I N[&JF
IDGF-2 F|Q[VIER4W L S|Q[EF)ZS NI N L{e VAR Y[EINAWKPTIKD S G LE[VIdV VP E T|S[eh3AP|E[EF Q|S|Q K P[¢LIL|
Gp4M L
Gl A

CHI3L1 YA \L{gAEA SP{L v ME T P FERS[F| THAIS SE T GV[g A . . I|S[E33G|IP[gR F|T|K E A[& T|L

CHI3L2 Y|A| W I HK[EMS ERVVM[E T PRy Y[elH|S|F|TMAISAE T TV[EAlY. . . . AIS[GGAA[EP T|T|E S S[gF|L

dc Be Bd Be
AgBR1 Q000000 200 200 —) TT —_— TT — 0000
349 359 36(‘) 37(? 38(_) 39(?
AgBR1 SWAPV[EMAKMP NP GNAN|LIQIGADQIJLRKIGDP TRRFGAYAFRIPDENEEHG I|YL{SP4ESIP|D T A
IDGF-2 S[YARI[GKMSNPQNQF|LKGNE SIJLRRVSDP TKRFGGIAYRPVDGQI TE G I|V|SPYD[P[D S 2
CHI3L1 AYYIDFRGATVHRILGQQVYA TKGNOQEIVIGE4DIBIQE S
cHI3L2 AlY Y I[MoFMKGAKITRILODOOVEYA VKGN QIVIGE{DBVIK SM
2
a7 B8 as
AgBRI 0000000000 == 000 20000

400 410 420 430 440

AgBR1 GINESAAlY VKAK GMG[E T S T F|D(LIG N|s3slVIR[EJA CAIGD . .|[KFldILRENAIMYRM . | .

IDGF-2 S[NEJAA|YA VKNGVALFDL}SYFRQCS D. . KYISTLRE\TISYR)S, . .

CHI3L1 K|SEqV|QY LKD[RQAEAMVWA[LD LIF|O[ES F CGIQD LRFIFL TININT D AMA A T
]

CHI3L2 E[T}E{VIQ[F L KIN|L NMG[EAM I W|S|I D MsIs]F|T[§K SCIN|QG . [P YL VIOE\VISR SPGS L
2

Supplementary Figure 1. (A) Sequence alignment between Aedes aegypti AgBR1, insect
DmIDGF-2 and human CHI3L1 and CHI3L2 proteins, and secondary structure element
derived using the solved 3D structure of AgBR1 and represented in the program Espript (1).
Conserved residues are highlighted in red, while semi-conserved residues are colored in red.

2



Running title: Insights into AgBR1 Zika virus immunomodulator

The assignment of secondary structure nomenclature follows Varela et al. (2); helices and
strands in the TIM barrel are numbered from 1 to 8 (apostrophe when discontinuous), while
those outside the barrel are labeled with letters from a to e. (B) Structural superimposition of
AgBR1 (cyan), CHI3L1 (lime), and CHI3L2 (light magenta) shows overall structural
equivalence between CHI3L1 and CHI3L2 (and AgBR1), with minor differences in some
connecting loops and in the region between 3 and o3, where CHI3L1 (and AgBR1) form a
more structured a-helix and (see also Fig 1B).
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Supplementary Figure 2. Residues in the loop 2 with corresponding 2Fo-Fc map displayed at
a contour level of about 1.2c showing the double conformation of Y111 and with Q157
sandwiched by a w-amide stacking between one of the two Y111 rotamer conformations and
Y123.
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Supplementary Figure 3. (A) NMR results of chitiobiose binding to AgBR1. 1H-STD-NMR
for a sample of 50uM AgBrl and 80 equivalents of fOMeChitobiose: in blue, reference
spectrum; in black, STD spectrum. (B) Same as (A) but using the chitinhexaose.
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DmIDGF-2 CHI3L2

Supplementary Figure 4. Isopotential surface representation of AgBR1 (left), DmIDGF-2
(middle) and CHI3L2 (right). The electrostatic potential values range from 10 (blue) charge to
-10 (red) measured in ksT/e units. The black dashed lined oval localizes the putative ligand
binding sites.
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Supplementary Figure 5. (A) Histograms of fluorescence read-out from ELISA experiments
when the whole virus is absorbed on the plate (left) and when AgBrl or NeSt1 are absorbed on
the plate (right). (B) NMR experiments of potential glycan-mediated binding of AgBR1 to Zika
virus. Superimposition of 1H,13C-HSQC-NMR spectra of AgBrl glycoprotein with 13C-
glycans (overexpressed in HEK293): in black, control (without ZIKV) and in green with ZIKV.
Insets show different zoomed regions of the spectrum. Only differences between the two
spectra correspond to signals of sucrose.
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Supplementary Figure 6. ZIKV glycoprotein E gene RNA levels normalized either to Rpol19
(top) or Gapdh (bottom) in BMDM cells infected at MOI 0.1 or 0.5 and in presence (+) or
absence (-) of 5 ug of AgBR1 protein after 24 hours of incubation. The two independent
experiments are colored in shades of blue and yellow. In experiment 1 (light and dark blue),
Group 2 and Group 4 were compared to Group 1 and Group 3, respectively, and in experiment
2 (light and dark yellow), Group 6 and Group 8 were compared to Group 5 and Group 7,
respectively. The mean mean £ SD refers to four independent biological replicates (BMDM
cells derived from four independent mice). The gene expression fold-changes and p-values of
considered comparisons are described in S1 Table.
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Supplementary Figure 7. (A) PCA analysis of protein samples at 24hrs of stimulation and
unstimulated controls (P1, AgBR1 and P2, NeSt1). Blue and red circles mark segregation of
control versus P1 experimental samples, respectively. (B) Venn diagram with the fifteen
differentially expressed proteins in common between AgBR1 and NeStl; Uniprot codes:
Q8C878, Q3UV17, Q60710, P01899, Q01965, Q9JIWY, Q61549, QIR233, P08103, P09671,
P28667, P39688, P58058, P13597, and Q64345.
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Supplementary Table 1. gPCR primer sequences, data and analysis

Supplementary Table 2. Uniprot accession codes of the over/under-expressed Mus musculus
proteins in BMDM cells after 24 h of incubation with AgBR1. Only shown the differential
proteins with a p-value < 0.05.

Supplementary Table 3. Uniprot accession codes of the over/under-expressed Mus musculus
proteins in BMDM cells after 24 h of incubation with NeStl. Only shown the differential
proteins with a p-value < 0.05.

Supplementary Table 4. Biological processes identified by STRING for AgBR1 differentially
expressed proteins in BMDM cells.

Supplementary Table 5. Biological processes identified by STRING for AgBR1 inside the
predicted ‘innate immune response’ biological process.

Supplementary Table 6. Biological functions processes identified by STRING for NeStl
differentially expressed proteins in BMDM cells.

Supplementary Table 7. Biological processes identified by STRING for NeStl within the
predicted ‘innate immune response’ biological process.

Supplementary Table 8. Upstream regulators predicted by IPA for AgBR1 stimulation of
BMDM cells.

Supplementary Table 9. Canonical pathways predicted by IPA for NeStl stimulation of
BMDM cells.

Supplementary Table 10. Designed primers for AgBR1 and NeSt1 cloning and sequencing

(5°-3’ direction).
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