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Flaviviruses are a Global Health Threat

» FV include human pathogens like YFV, DENV, JEV, WNV, TBEV
« Typically transmitted by mosquitoes and ticks
+ Millions of infections every year

+ Broad range of clinical manifestations
Headache / rash / (hemorrhagic) fever / meningitis / encephalitis

+ FV neurotropism reported in adults for DENV, YFV, WNV
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Are there other emerging FV that have a similar neurotropic potential

in the developing fetus?



Flavivirus genome characteristics
+ Single-stranded, positive-strand RNA viruses
+ Enters cell through receptor-mediated endocytosis
+ Capped, non-polyadenylated genome (gRNA) of 10-12kb length
+ Encodes a single OREF, flanked by structured 5’-UTR and 3-UTR
+ Translation of FV ORF yields a single polyprotein
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Flaviviruses hijack the host mRNA degradation machinery
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+ Accumulation of short flavivirus RNA (sfRNA) upon infection

+ Stable decay intermediates produced by partial Xrn1 degradation
« Xrn1 is efficiently stalled at conserved xrRNA structures

+ sfRNA modulates pathogenicity

+ Many host proteins bind sfRNA



Musashi interacts with 3’'UTR

Musashi (Msi) is a highly conserved family of proteins in vertebrates
and invertrebrates that act as a translational regulator of target
mRNA.

+ Involved in cell proliferation and differentiation

+ Two paralogs in mammals, Msi-1 and Msi-2

+ Expressed in stem cells and overexpressed in tumors

+ Two RNA-regulation domains (RRM)

+ Binds single-stranded UAG core motif in the 3'UTR of mRNA
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Does Msi interact with flavivirus 3UTR?



Musashi is involved in ZIKV neurotropism
A recent study has shown that Msi-1 promotes ZIKV replication in
glioblastoma, neuroblastoma and neuronal stem cells
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ZIKV 3’UTR revisited
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ZIKV 3’UTR revisited
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AGopen = —RT In P(unpaired)
We use RNAplfold to compute the opening energy of trinucleotide x

in a genomic (100 nt) as well as a shuffled sequence context and
compute a z score statistics.



Trinucleotide opening energies in ZIKV
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MBEs opening energies by xrRNA

MBEs accumulate within dumbbell (DB) elements in MBFV and NKV



MBE in MBFV and NKV DB elements
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Structure and sequence conservation in DB elements
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YOKV_NC_005039.1(DB.1|211-29! UAUU CUACU Hﬂr‘r‘nr‘ Ul \GGAGACCCUCUCC
DONV_NC_016997.1|DB.1|140-21 T U C
CHAOV_NC_017086.1[DB.1]130-201] Ul ACC
SEPV_NC_008719.1]pB.1]262-33 U CG
WESSV_NC_( 5.1pB.1]274-3 L UBBEAGGAGACCCAUUCC
YFV17D_NC. 31,1[pB,1[307-379] Ul UCCAG
USUV_NC_0: .1|DB.1 6-4 Ul CCCCGUGG
IVEV_NC_0 .1|DB. 40-409 Ul IAGGAGACCCUGCGG
JEV_NC_00 :1[DB.1]3]10-38 { UBREBAGGAGACCCCGUGG
AROAV_NC_| 26.2[DB.}[141-217] Ul AGACCCAGCCU
TMUV_NC_0 3. B, 1]|348-416 Ul CC UGG
IKV-BR_NC. 5889.1|DB.1|238-307 Ul JAGGAGACCCCCCGG
ZIKV-UG_NC_012532.1)DB.1|238-307 U] GG
SPONV_SA- B.1]20 4 Ul CC \C
NMV_NC_0. 1|DB.2 4-42 Ul IAGGAGACCCCCACA
NTAV_NC_( .3|DB. 1-51 Ul IAGGAGACCCCUUGC
IV1_NC_( .1|DB. 8-51 Ul JUGGAGAC:! UGC
WNV2_NC_( .2|DB. 2-4 Ul ;UGC
MVEV_NC_( DB. 7-1 UBBEAGGAGACCCCACUC
SLEV_NC_| . B. 9-4 Ul 'UUGC
ENV4_NC_( 0.1/DB. 01-. Ul
DENV2_NC_( 4.2|DB. 68— Ul IAGGAGACCCCCCCG
THOV_NC_O. 1.1|DB.2 9-4 Ul AGACCCCUUGG
ENVI_NC_| 77,1[DB 78-345| ACC, UACCC-UG-~-GUG-~-~ Ul C GC
JEV_NC_00 .1L .zl -45 - UG U ACC G
TMUV_NC_O 3.2|DB.2|424-4 UAACU-CU: Ul IAGGAGACCCCUUGC
USUV_NC_0 1.1(DB.2|465-5: UAGGA-AC--GGU Ul U
ILHV_NC_O 8.2|DB.2 5-2 Ul U \CCCCU G
DENV3_NC. 75 DB 57— ‘ AAA( Ul JAGGAGACCCCCCG(
IV1_NC_( 2.1|DB. 1-4 Ul IAGGAGACCCCGCGG
WNV2_NC_ 3.208.1[305-37 0| U
IMV_NC_0. .1|DB.1 -35 Ul CC G
SLEV_NC_( 0.2 |DB. 6-3! Ul IAGGAGACCCCGCUG
THOV_NC_( 1.1|pB. 3-3 U] UGG
NTAV_NC_( 5.3|DB. 6-4 Ul ACC 'GC
BAGV_NC_( 4.1|DB. 2-4 Ul CC UUGC
KOKV_NC_( 9.2|DB. 0-3: UBAGAGGAGACC—CGUGA
LHV_NC_{ 8. B. 1-1 Ul IAGGAGACC-CGUGG
DENV4_NC_( 40.1|DB. 11-17 Ul CCCUCCC
DENV1_NC_( 77.1|DB. 94-. Ul IAGGAGACCCCUCCC
DENV3_NC_001475.2|DB.1|173- UBAGAGGAGACCCCUCCC
ENV2_NC_001474.2|DB,]|181-" 0| U
KEDV_NC_0 3.1(DB.2 7-2 Ul G
KOKV_NC_0 9.2|DB.2 8-4 Ul AGACC-CUCCC
AROAV_NC_| 26.2[DB.2[223-288] Ul UUGH
NOUV_NC_0 5.1|DB.1 2-3 Ul C
ENTV_NC_008718.1|DB.1|42-99 AGGU| A CCCCGC
MMLV_NC_004119.1|DB.1|200-251 ‘ ICGGU AGGAGACCCCUUCC

+ Highly conserved MBE pair in DB elements
+ Central multiloop and distal hairpin loop
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+ Our biophysical model corroborates experimental findings of Msi
involvement in ZIKV replication

* MBEs in flavivirus DB elements show primary sequence
conservation

+ ZIKV might not be alone in its capacity to cause severe
neuropathology in the developing fetus

+ A possible role of Msi in the replication cycle of some FV?
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MBE opening energies in related viruses
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