Sequencing of rabies binding region on nicotinic acetylcholine receptor
alpha subunits in four host species !
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« Rabies virus is known to bind to nicotinic acetylcholine * Primers were designhed to amplify the predicted rabies virus * Tyr185 and Tyr192, important to snake neurotoxin binding to « Comparing the sequences of several species, the more closely
receptors (nAchR) binding region in nAchR alpha subunits 1 to 7 using known Lymnaea stagnalis acetylcholine receptor binding protein related species, such as dog, arctic fox, and red fox, show a
« The virus is known to bind to alpha 1 subunits nAchR sequences from dogs (Canis familiaris) (AchBP), was conserved in all alpha subunits in red fox, arctic higher degree of conservation
. The virus binding region has been characterized in alpha 1 » PCR was performed individually on each subunit using DNA from fox, dog, calf, and human except alpha 5, where Tyr184 was « Species more distantly related, namely fox species and humans,
subunits of these receptors 4 host species: red fox (Vulpes vulpes), arctic fox (Vulpes switched to Asp in all species (Figure B) show a greater degree of difference in amino acid sequence in
. Little research has been done on the other alpha subunits lagopus), skunk (Mephitis mephitis), and raccoon (Procyon lotor) » Several other residues, such as Asp194, Cys187, Cys188, and the target region
. Understanding binding region sequences can help understand » Amplification of the target region was confirmed using gel lle174, are also highly conserved in most target regions in « This difference in sequence between distantly related species
virus adaptation to host species electrophorises the species compared could explain why species-crossover of rabies strains have
. Using primers based on dog sequences, the proposed binding . PCR product was then processed and the DNA sequenced e |tis nqt known if these residues interact with the ngurotoxin difficulty maintaining endemic infections
region of alpha subunits were amplified and sequenced . Sequenced DNA was then analyzed using 4peaks and ClustalW2 or rabies, but they may play a role since they are highly - However the similarity in sequence between red fox and arctic
Current Results: conserved fox does not explain the differences seen in their species-
. : « Red fox results specific rabies strains
* Red fox and dog have nearly 1.der?t1cal a.lpha 1,2,3,5, and 6 TysIB4  Tysl92 « Complete conservation compared to arctic fox and dog for * More research will need to be conducted to elucidate
sequences for the proposed binding region nAchR_al red fox - 5GEWVIKESRGWKHWVE[YRCCPSTHY[LDI TYHFVMQRLEL 40 alpha 1,2,3, and 5 differences between species
o 1 1 1 hR al arctic f ~-SGEWVIKESRGWEHWVEYRCCPSTHY[LDITYHFVMQ! 40
Arcuc fox has nearly identical sequences to dog and red fox Ehﬂ:iljii?“’— . Eﬁiﬁiéiiﬁiiﬁg EEET.- Eimiiﬁgitit 40 * Nearly identical compared to arctic Fox and dog for alpha 6,
in alpha 1, 2, and 6 ®AchR calf alphal - SGEWVIKESRGWXHWVEYRCCPSTHYLDITYH- === 32 differine bv 1 amino acid
« Raccoon’s alpha 1, 2, 3, 5, and 6 subunits are similar enough IACKR_al_human Mok s smeiicosn st e > DY
to allow for gnnea,lin,g <;f t,he dog-based primers in PCR ; RS Eor e i P * Nearly identical sequences to human for alpha 1, 5, and 6;

complete conservation in alpha 3

* No clear PCR products were found for skunk DNA TysI8d  Tys192 e Arctic fox results

Future goals: e S il s Al  Complete conservation between arctic fox and dog for alpha
* Sequencing five individuals per species nAchR_a2_dog - SGEWATVNATGTYNTKKtPCCAETYPDVTYYFVIRRLEL 39 1,2,and 6 « Sequence 5 individuals of each species to compare sequences
. nAchR a2 human =SGEWAIVNATGTYNSEENDCCAEIYPDVTYAFVIRRLPL 39 . . . . . .
’ Addmg mongoose, bat, and Opossum AchBP lymnaea stagnalis QYSRFEILDVTQRENSVINECCPENYEDVEVSLNFREKGR 40 ° Nearly identical to human for alpha 1 and 2, with 4 and 2 within Species
T WEEN o AR CBlARAPlEE 1ot differences in amino acids respectively » Add bat, mongoose, and opossum to study
TysI84 Tys192 « Alpha 6 showed complete conservation between arctic fox « Of great interest is the opossum sequence, considering
|ntr0duct|0n nAchR_a3_dog ~SGEWALIKAPGYRHDIFYNCCEEI¥PDITYSLYIRRLFLFYTIN- 44 and human several studies have shown that opossums have a resistance
nAchR a3 red fox ~SGEWAIIFAPGYFHDIFRYNCCEEIFPDITYSLYIRRLPLFYTIN=- 44 : : : :
o . . nAchR_a3_human ~SGEWAIIKAPGYKHDIKYNCCEEIYFDITYSLYIRRLPLFYTINL 45 * Raccoon results to rabies infections not seen in other mammals
 Rabies is known to infect all mammals and is adapted to AchBP lymnaea stagnalis QYSRFEILDVTQRENSVIYECCPEAYEDVEVSLNFREKGR-—-——~ 40 . target region showed enough similarity to dog sequence to
different host species allow primers to anneal; however, no clear sequences have
* has a 100% fatality rate in infected individuals been obtained
* 50,000 humans are killed worldwide, mostly in Asia and nAchR_a5_dog _NGEWEIVSATGSRGNR TYSFVIKRLPLFYTLFLIIPCIGLS 51 e Skunk results
Afl’ica nAchR a5 red fox -NGEWEIVSATGSEGHE TYSFVIFRLPLFYTLFLIIPCIGLS 51 . L. .
nAchR_a5 human ~NGEWEIVSATGSKGNR TYSFVIKRLPLFYTLFLIIPCIGLS 51 * target region has not shown enough Slmllal’lty to allow dog
* Rabies virus surface protein shows similarity to snake toxins Aehi . SyErRan EtRguyl' s e ek e e e ' - '
P y s . primer anneal; no usable PCR product has been obtained References and Acknowledgements

which are known antagonists of nAchR (Figure A, C, and D)
* The virus binding region has been characterized in alpha 1

et s . nAchR af red fox ENSEWEIVDASGYXHDIKYNCCEEIYTDITYSFYIRALEM 40  Baer GM, Shaddock JH Quirion R, Dam TV, Lentz TL. 1990.
subunits in previous research nAchR a6 _arctic fox - —-EWEIVDASGYKHDIKYNCCEETY['DITYSFYIRALPM 37 “Rabies ;usceptibility and acetyléholine réceptor” Lancet 335
o | s~ A : hR a6 d , HHDI? EE T RRLPM 40 ) ’
it research has been done on the binding of rables to other e e e e o Snake toxin 664-665.
nAchR subunits, especially those present in the central nervous hBP_lym 1i K PE NFREKGR 40 i :
e subunits, especially those p LT N e et e o . Beamer PD, Mohr CO, Barr TRB. 1960. “Resistance of the
1 opossum to rabies virus”. Am. J. Vet. Res.: 507-510
* Understanding how rabies interacts with these nervous "“@*’ el /
system associated nAchR is of great interest for this disease : : : ' Bourne ¥, Talley TT, Hansen 5B, Taylor B, Marchot F 2005'.
Figure B. Completed sequences of nAchR alpha subunits for several species. The “Crvstal struct f Cbtx-AChBP | | tial
inf h l rystat struccure o X complex reveats essentia
Infects the central nervous system L. stagnalis sequence shows the region known to bind to neurotoxin loop 2 in interaction between snake alpha-neurotoxin and nicotinic
- Similarities and differences in receptor sequences between snake venom. The blue bar denotes the rabies binding region characterizedin | | . ™ : tors”. The EMBO J [ 24: 1512-1522
species could affect the interaction with nAchRs and could calf nAchR alpha 1 (sequence shown for alpha 1, blue dot). Outlined in black are 183: positiv',e 'ﬂ®@—®- ‘ receptors-. fhe ourna ) ) .
explain the differences seen in rabies strains specific to certain residues found to be important for neurotoxin loop 2 binding to nAchR. Residues selection &%) e 196 R to b * Donnelly-Roberts DL, Lentz TL. 1989. “Synthetic peptides of
host species n;arketi W]thl( ") hshoYV CfmpletetFOHS:W%tlon- Resildges _Ea[ke;i Vthth (:) ;lhOW A . 5 mutation re- neurotoxins and rabies virus glycoproteins behave as antagonists
strongly similar chemical properties. Residues marked wi . ) show weakly 1184 o , e : : : Y
similar chemical properties. Notice that Tyr184 and Tyr192 are conserved in all @ U @m @ duces activity In functional assay for the acetylcholine receptor™. Pept. Res.
----------------- ) in bungarotoxin 2(3):221-226

subunits except in alpha 5, where Tyr184 was replaced with Aspartic Acid (D).

O Cobratoxin residues .L‘ © Lentz, TL. 1990. “Rabies virus binding to an acetylcholine
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Figure C. Close up look at <http://www.who.int/mediacentre/factsheets/fs099/en/>.
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Figure A: snake neurotoxin
(pink) binding to the
acetylcholine binding

protein in Lymnaea stagnalis (black labels) interact with raccoon and skunk DNA
(yellow and blue), a the complementary residues
structural homolog to on the AchBP (blue labels). Figure D: Comparison of neurotoxic loop 2 for snake toxin and
nicotinic acetylcholine Areas of interaction are rabies. Bold residues are highly conserved between toxins and
receptors found in mammals highlighted in yellow and rabies. Residues circled red are known to interact with the
cyan. acetylcholine binding protein (AChBP) when snake toxin is bound.

Residues circled blue have been shown to be important in rabies
binding to receptors.
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