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ABSTRACT

The present integrated study aimed to provide better understanding of mechanisms
responsible for neurological disorders manifesting as “furious or aggression” (rabies as
prototype) and neuromuscular-autonomic derangements (ciguatera toxin as prototype).
Various techniques in recombinant viral technology, neuropathology, proteomic profiling study
as well as critical analysis of patients with marine fish poisoning and survey for ciguatera toxin
contaminated fishes at the markets.

Although we could not identify “furious centre” in the brain by molecular imaging of
recombinant rabies virus decorated with ferritin gene [project(1)], we were able to obtain, for
the first time, rabies viruses passaged in non-neuronal baby hamster kidney (BHK) cells with
increased (diminished LD50) instead of decreased virulence. Such street rabies virus (QS-05)
at 7th passage in BHK cells, namely QS 05-BHK-P7, could cause disease in mice by both
intra-cerebral (IC) and -muscular challenges (whereas the parental virus could only by IC
inoculation). Whole viral genome sequencing revealed mutation points at several genes.
However the most likely mutation responsible for such phenotypic change was at 7th
polyadenylation site of intergenic region between phospho- and matrix-protein genes, which
may disturb homeostasis of transcription and replication and process of budding/immune
evasion. Construction of recombinant QS-05 and BHK-P7 viruses was achieved at the final
stage of virus recovery due to the unavailability of T7 RNA polymerase gene-plasmid and —
BHK cells (material agreement transfer among 3 international institutions).

Having realized the incompleteness of project (1), we decided to augment with project
(6) on the distribution pattern study of rabies antigen and inflammation in the CNS of early
rabid dogs of furious and paralytic types. Results showed a caudal-rostral trend of antigen
abundance particularly in the paralytic groups. The inflammatory cells were demonstrated
exclusively in the brainstem of paralytic dogs. These findings were in agreement with our
previously published brain mapping data of rabid dogs (Adv Viral Res 2011) in that axonal
tract integrity was disrupted at the brainstem of paralytic dogs. All of these underscored the
importance of inflamed brainstem as “gate or barrier” in preventing virus from spreading
towards the cerebral hemispheres. Role of inhibitory neurons [project (2)] was found not to
play any significant role in the genesis of “furious” character in rabies since numbers of
inhibitory neurons were comparable at different brain regions of both forms of rabid dogs.

Proteomic profiling studies [Project (3)] of the furious and paralytic rabid dogs’ brains
as examined by SDS-PAGE followed by LC-MS/MS was the continuation of our previous
investigation using 2D-PAGE on late-stage rabid dogs’ brains (during minor review and
accepting process). Results confirmed the role of brainstem in retarding viral progression,
particularly in the case of paralytic rabies. This was in accord with neuropathology and brain

mapping studies (as above). Heat shock or stress protein



Project (4) focused on an alternative source to detect rabies viral RNA in animals.
Although brain is the perfect sample for rabies diagnosis, it has been frequently affected by
hot climate, rendered it unsuitable for fluorescence antibody test (FAT) or molecular detection.
Our study showed that whisker follicles and hair follicles and saliva obtained from dogs after
death could be used as alternative option. Since the sensitivity of examination using these
non-neural specimens was in the range between 80 and 85%, it is used for enhancing
epidemiological surveillance to assess rabies burden in endemic countries. We also proved
that real-time RT-PCR yielded a comparable result with nested RT-PCR (as reported by
Institut Pasteur group) in terms of sensitivity although the target sequences were different
(nucleocapsid in the former and polymerase gene in the latter technique).

Project (5) highlighted ciguatera toxin from fish as a potential epidemic. Analysis of
patients who had neurologic disorders from fish consumption showed 6 patients (2 from
Chulalongkorn and 4 from Phuket hospitals) compatible with ciguatera poisoning. Their
dramatic recovery within 24 hours from neuromuscular and autonomic nervous system
disturbances differentiated ciguatera poisoning from other related illnesses from fish (such as,
puffer fish poisoning) or from bamboo stick poisoning (botulism). Two of 227 fish samples as
surveyed from 3 markets in Bangkok showed borderline result. Problem of ciguatera
poisoning, a perfect example of global warming effect, must be underestimated. This has to

be urgently warned and needs multidisciplinary approach to prevent further outbreaks.
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WWINIZINUN peripheral 143 central nervous system & #3adlanns intracerebral L%yavh%'a
"Lajmmmriasl,ﬁl,ﬁ@wm“E‘amwLL@imminﬂizﬁugﬁé’uﬁ'ﬂﬁa %aﬁqmauﬁ'ﬁmaﬁuﬁmﬁu
neurovirulence 8¢9FWLE Q‘i%’ﬂ%uﬁuamﬁﬁaﬂﬂ% HEP-GFP lumsénifininudssileo

é’dﬁ?u@‘i%'ﬁaLﬂﬁﬂumﬂﬁuﬁjmau%avh%'aﬁwqﬁfmﬁ%ﬂu CVS straini§a1nn1Inagay
mmmmmlummwim:mwau%a"b%’aﬁwquﬁfmﬁﬁ CVS strain Meowas msaaigawinlls
WUNARBINTY intracerebral i dilution @199 WUl dilution 10° waz 10° "Lajmmmﬁﬂﬁw%
mf;lvl,@i”ﬁy’\‘mw@ LLazLﬁaﬁm%a"b%’a’tmwmaaﬁybma intracerebral LAY intramuscular ﬁ dilution
10" %Hmaaamﬁ%’urﬁama intracerebral AENINUA Mmmzﬁ%hm@aaamﬁ%'m%ama
intramuscular Sifsannsdriiufianouszunsd lifenmsfinUnale gusslimusnaany
L%avl,ﬁaﬂwqﬁfmﬁﬂuauawam& é’aifm%a"lﬁaﬁwqﬁmﬁw CVS strain 39ldmanzaniiaz

gt uiaud



mag"?é’ﬂ%’aﬁmmﬂﬁﬂum ﬂﬁ'mfm au%avb%'aﬁmgﬁfmﬁ%ﬂu QS05 strain 91w street
virus 11 isolate ﬁrmmlawaaqﬁfmﬁtﬂﬂiﬂﬁwqﬁfmﬁﬂ@Um‘a inauins wanlu suckling mice 1
passage 111 stock seed virus LT% 20% suspension Woanldluwanwisoeely

aamvl,sﬁmwwu'jwLﬁ'aﬁnL%avl,a%'amﬂﬁ'uﬁ‘ﬁfvlﬂmnaaauqmauﬁ'ﬁlué’mfmaa:.l WU
L%avl’s%faa'mﬁuﬁ:ﬁuam neuropathogenesis VL@TﬁLﬁaﬁ@vLﬁama intracerebral WLALRAI
neuroinvasiveness li@tniiladaidhms intramuscular F9dvanaldimanzaulumaanyi
recombinant T $afiazanvinmsanmit

WaNNTNNTIN street virus QS-05 strain TUiAng1wInle suckling mice 1 passage
#i 2 Alusunsoifin mortality rate lagn138a1Eng intramuscular %38 peripheral route

niszaumyainsyinla$a isolation uas propagation lwwaginnziaeslasians
Baby Hamster Kidney Cells (BHK-21 cells) s'fian’flu non-neuronal cells WU street virus 223
infectivity §nuazdl growth rate AThanniat3suifiauiumsiiuswnludainaasslasns
QLT intracerebral L% 11341 20% brain suspension ludasainaaadny intracerebral
fAinaaadazd mortality rate 100% WATNIAALIIN4 intramuscular 923 mortality rate U3zt
30% wi3anasnin wianiniin U infect BHK-21 cells 928 infectivity luinas BHK-21 Uyzanms
10-20% Lvivin uazdl growth rate fighnimninlUiSeudisuns propagate 1i NA cells &4
1% neuron cells

aﬁﬂmmuﬁmﬁupﬁ%‘aﬂ‘amﬁw QS-05 subpassage 1w BHK-21 gia'luiiloifiasiwan
uazwanIAssn3lE suckling mice LLa:Lﬁadmﬂ;ﬁ%‘mﬁuﬁm@mhuﬁ rabies virus 9z1Tu
neurotropic virus Welel3aAaNNTA infect LLa:a%iiamm:Lﬁmﬁﬁmuslu non-neuron cells 1@
Wiazlianudsanlu nszuiumiiie pathogenesis (W3a non-neuron cells Judadaidant]
fenlunaiia pathogenesis U89 rabies virus 1us330T1#) 91NN3¥ subpassage QS-05 'l
L%Iasl 9WLI1 QS-05 strain L‘%I&lfl growth rate LLa:Lﬁm‘i’]ulumﬂ%ﬂuﬂizmm passage ‘ﬁ 4-5
waziile harvest virus supernatant 14 passage ii7 (QS05-BHK-P7) (3‘1Jﬁ 1uazilamasey
lununaaaawuind mortality rate 100% \ilafiaitms intramuscular route (TR 1) Goiu
QS05-BHK-P7 strain 39qun231lu candidate fitmanzawlumsansifiasanianusmaniolu
m3nalsalanig peripheral challengeLLa:ﬂ'aﬁm’méwﬁzyﬁﬁaaﬁﬂmd'lﬁﬁuﬁqmmLﬂﬁﬂmmmﬁ
Buealvn aghels wSardud intergenic region (IGR) S’f}dawa}:ﬁﬂﬁﬁwa@iaau@;amaa
transcription/replication LazNIzUINNIT budding 3’3uﬁ%mw’mﬂ’ﬁ‘ﬂau%aﬂqﬁ@j’uﬁum8\1
91918 (immune evasive strategy)

QS-05 strain QS05-BHK-P7 strain

1J# 1Immunofluorescence of BHK cells infected with QS-05 and QS05-BHK-P7 viruses

o



@1319% 1 Median Lethal Dose (LD50)

Rabies strain Intramuscular Intra-cerebral
Qs05 No death 1025
QS-BHK-P7 10083 1038

Six week-old female mice were intramuscularly or intracerebrally inoculated with 30% brain

suspension (undiluted — 10_4 dilution)

LﬁaaﬁnnL%avla%'aﬁmqﬁfmﬁwﬁvlﬁﬁ phenotype NuANA1931n QS-05 11 passage 13N
:'? ”ﬂ%’oﬁwmsmnaaumaﬁugﬂﬁmaa QS-05 L&z QS05-BHK-P7 lan1s¥in whole genome
sequence V84178 I IAABFIULNINGY strains WUITANUUANGITBISGLILE 5 s
LRZIZAU amino acid 3 LRI ANULANGEIIVBIVEY virulence VBINIRDY strains AITITLAA
. . { o , th . i . . ,
31N point mutation Aduns 7 poly adenylation sequence 284 intergenic region W33
. . . A a ' . ¥ o A
phosphoprotein LRz matrix protein gene w33cUHNANBNIT budding 284178l TRiitasanenadl
U3 289 matrix protein 8Aa3 ﬁaﬁuﬁ‘ﬂgmﬁﬁlﬁﬁmsﬁﬂmaﬁfnmgﬂumtﬁmad vesicular
oy . = ' A o ¥ A Aﬂv [ ) ]
stomatitis virus TWU31 IGR Jdusanlunsuaasaanvaslsduaaia lhiauss ldsinade
. & Y \ . A o ;A ' a o A a
virulence 289138 1158(1,2] ludu mutation AduniednglusinazeTuneld iasanni
mMIAnsiauniinLa1n S23R substitution 14 glycoprotein gene U84 QS05-BHK-P7 strain
ATINUINWITB2a4 Dr.Morimoto [3] fiawrinilunns¥in BHK-21 cells adaptation U89 CVS uaz
o ' . A o A4 | . . a
WUGNUAUS mutation NenwnatiaLilunon-neuronal adaptation marker LLaz mutation an

a

funtisfinulu ectodomain a9 glycoprotein gene ﬁ?uvl,ﬂjLﬂElflﬂ’]ﬁ’l&I\‘l’mw’m‘a%ﬁdﬂ’a’mﬁ’]ﬂ@
i%&lﬁg\i@i’nmmﬁdﬂﬁi’nv[&ia%ﬂu cytoplasmic domain figonade apoptosis mechanism Va4
infected host cells LAZRINANIANUFINTAIHNNINTZANLA? (cell spread) luszuudszanuaz
virulence ?JadL"Tj?avl,’ﬁa[4]ﬁl’mﬂ’li$|m:+ﬂ@Elﬂ’liLmu“?i polymerase (L) gene U84 pathogenic
strain @28 vaccine strain WU NEINANTENUGD neurovirulence Lag mortality rate 1
Fainanas [5] wonaniitiiovinms passage L%avl,ﬁaﬁwqﬁmﬁw SAD-B19 strain ’Luqﬁﬁaaaﬂ
4 @53 WU amino acid substitution tBdUWILAELY L gene S9ilaidsnadamsiaswulas
virulence vaatBalh3audasnala [6] §atii mutation fisnuriis 11711V lu L gene 39lainns
sanafivnnudasuudaslunsiinduaas virlence lu QS05-BHK-P7 strain
@T’JElmQwaﬁdﬂd’l’sﬁﬁ%%dﬁ’mﬁa{’m reverse genetics rabies virus nndahiafiy
g1 QS-05 strain AU 1AL QS05-BHK-P7 strain
1. Y3839 full-length cDNA clone mau%ﬂﬁaﬁwqﬁfmﬁﬂ QS-05 strain Aifluaslaid
ferritin heavy chain me?i pseudogene region
2. ¥inMI834 full-length cDNA clone maav%a"h%’aﬁwqﬁfmﬁﬂ QS-05-BHK-P7 strain 713

waz'luf ferritin heavy chain Wnufi pseudogene region
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3. ¥i1M17 recovery recombinant virus Tu baby hamster kidney (BHK-21) cells f stably

expressing T7 RNA polymerase

ci s
Haflasy
PYUADUNITRINIUAE recovery recombinant virus l@Tuanusiswaean Oita
University ﬂﬁﬂlﬁﬂﬂiﬂ’suqumad Professor Akira Nishizono 18z Dr.Kentaro Yamada Uszine
dl 1 v e a a 6 A o < =3 g: A
ryﬂ'ul%mm’nwvlﬁuu MsamnAsuaidumalurinmmesssiuszoziig 6 LHauaiudiian
a & 1 & s =3
WOFAINEU 2553 faLfan N BN1AY 2554 GﬁdLﬂua’m%m"uadn’livl,@lim;luiﬂidﬂ’ﬁﬂizyry’]Laﬂ
NMYIWALBN
1. ¥M3I83 full-length cDNA clone mau%a"h%’aﬁmgﬁfmﬁ'] QS-05 strain (pCl-QS05)
(3UN 2)

Nhel Nsil Miul Sacll Aflll Notl

Tm T L!h!i LM

1* half 2™ half
A

51U% 2 L&A Full-length cDNA clone construction 984 QS-05 strain

° 7131508379 pCl-Qs05 ladunadisa

I@f;l"qn recombinant virus 71 1e%4az4l unique restriction endonuclease site #a Sacll
a9laiwulu parental QS05 w38 QS05-BHK-P7 sequence Lasuntaltidunisasiaseaylai

. 3; & . . al' U J a
recovered virus 1L recombinant virus NIITNVWNIDIN

2. Yi1nN7 recovery recombinant virus Tu baby hamster kidney (BHK-21) cells ‘ﬁ stably

expressing T7 RNA polymerase

a. YI1M7 recovery recombinant QS05 31N pCI-QS05 plasmid lagld helper plasmids
3 genes muld 17 promoter fa Nucleoprotein, Phosphoprotein itaz RNA-
dependent RNA ponmerase(a%’nmmnL‘%ﬂh%’ﬁﬁﬁqﬁmﬁﬁ RC-HL strain)lu
BHK/T7-9 cells (Baby Hamster Kidney cells ‘ﬁ stably expressing T7 RNA
polymerase) mﬂﬁ?u 48 %Lﬁiuﬁoﬁﬂmi co-culture U neuroblastoma (NA) cells

W& incubate 4 IUIINAIAL supernatant Ala ) infect NA cellsannuii 9 139
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HaNaL FITC-antibody §8 nucleoprotein Lﬁag] infected cells

wuin biinnsfaduad cell waadinlidl recovered QS05 virus b supernatant

b. ¥i1n173 recovery recombinant QS05 31n pCIl-QS05 plasmid anavilagld helper
plasmids 4 genes I@mLﬁ'w glycoprotein helper plasmid 14 BHK/T7-9 cells 1N
24 %"JINJ%M’]W]‘S co-culture NU neuroblastoma (NA) cells W& incubate 4 T4

PNBUHEINT
i. £ay transfected cells @28 FITC-anti-N Wag anti-G

anti-N anti-G Merge

]
I

5149 3Immunofluorescence of QS-05 transfected cells

' a A a & ) . 4 & & a
WU transfected cells §N13AAFVDING anti-N LAz anti-G FINIgaIlUsAUIUINT

o o ) a &
express MELULTARLALINY LRAIINU1E recovered virus LA
. & = . A v
ii. LNU supernatant A1l infect NA cells waz NA cells nan transfect a8
. . ' ) A o &
glycoprotein helper plasmid 833W W IWUIIN (G-transfected NA cells)annii 6

INI98auFY FITC-anti-N Lﬁa(ﬂ infected cells

NA cells G-transfected cells

519 4immunofluorescence of NA cells infected with recovered QS05 virus

WU lifinsGadvad infected NA cell s AIWLNNINIZANLAIVBY nucleoprotein 11

G-transfected cells 1U#31W %N LRAIIN recovered QS05 virus fadld glycoprotein
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supplement A suaniduaitislunainySunmiazuninszaovadse Te watInTen
g9adnuLIuue single-cell infection laiwuilu foci
M INaassdnIdunuin liiinInszanealves recovered QS05 virus 911 lé5u
. a = . A .
glycoprotein LWN31N RC-HL strain @4t1)% well-adapted strain WasislunsuwsnIzansves
d‘f o KR Y o . . a & 1A . A o 1 A
e 5w 39lavinnns sequencing glycoprotein gene aNA%3 WUINY deletion NATLLAUS 3479 D3

8¢ upstream, U839 G-ORF (glycoprotein open reading frame) LLazmiLﬁtyLaUImlad plasmid

2

(2 1 ]
A& o A

RGN LWaweeuas full-length cDNA clone Imﬁﬁﬁaﬂizauﬁtymuumﬁmﬁ’u'é'ﬂnnﬂ'?a
wifaz ldvmaLURew strain 189 E.coli wazuitlalaans insertion fidnuwnis 3479 2837 site-
directed mutagenesis WaINANN (N snagaulszans 100 clones) fipenils clone Alaig
deletion AGURUIALAWY insertion AGIUAII 3284 unuft Favirl fAaainiaziiaan
toxic sequence AfnadamstianSunmwes plasmid 14 E.coli

INMINUNINIFIBNTSUWL U89 recombinant virus 89 158 Japanese
encephalitis virus Aiszauilymadariudony deletion Tudunsisvaslusiudliluns
UWINIZA mlaal,%a%d \AaaNNIH bacterial-like promoter sequence lu gene ffu

ma;j’“,lﬁ'ﬂ'ﬁ’jdvlﬁﬁﬁﬂm,Lﬁ”lﬂ@Umsl,ﬁ&l silent mutation 1114/¢-982% intergenic region
321319 matrix Wz glycoprotein gene (M-G/Asel) "f;dﬁ’lﬁumaﬁvlmmjffmwﬁ Asel restriction

endonuclease site lnaiifiadn lddrevinliiAailln stop codon va4 toxic sequence A4N&ED

3. N1I&IN9 full-length cDNA clone ﬂuaaL%a"Lﬁaﬁwqﬁﬂuﬁw QS-05 strain (pCl-QS05(M-
GlAsel))

Q805 3211 CATCAAACCGCTGCATTTTA 3230
T--T
ATT AAT (Asely
31U 5 ULRAJ point mutation AR intergenic region 3¥1314 matrix W&z glycoprotein

o

2.

° U308 pCl-QS05(M-G/Asel) tatdunadisa

4. NNIRIY full-length cDNA clone TﬂdL%ﬂ’J%’ﬁﬁEiﬁ‘lf‘llﬁ’] QS-05 strain ‘ﬁlﬁ ferritin
heavy chain wnui pseudogene region (pCl-QS05/hFER(M-G/Asel))

51U% 6 L&A Full-length cDNA clone construction 984 QS-05 strain % ferritin heavy chain

o

2.

° fUNI0EN9 pCl-QS05/hFER(M-G/Asel) latilunadisa
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uamnnﬁmapﬁ%’m"tﬁﬁwmm%ﬁa recombinant virus mm%a"b%’aﬁwqﬁfmﬁﬁ QS05-
BHK-P7 strain [ANLANAINT ka1 90N 1T 299N HaNuTHLTITINNINILNINIEN BT
16@n91 QS05 strain TILUaININIIRIILFS LAY A RINNITONARAU LA AN AULLRTILANEN

ﬁm‘humi,a‘l@ﬁﬁwaﬁﬂﬁtﬁmmimﬁmeawaammguLstaaL%a"l,ﬁaﬂwqﬁfmﬁﬂﬁ

5. NNI&IN9 full-length cDNA clone mau%a”h%faﬂwqﬁfmﬁw QS-05-BHK-P7 strain (pCl-
P7(M-G/Asel))

° NI pCI-P7(M-G/Asel) el unadisa

6. ¥1N13&374 full-length cDNA clone va3LTa L iai g QS-05-BHK-P7 strain 73]

ferritin heavy chain Lm%ﬁ pseudogene region (pCI-P7/hFER(M-G/Asel))

° RIN1I0F319 pCI-P7/hFER(M-G/Asel) laiilunadisa

7. ¥11N173 recovery recombinant virus Tu baby hamster kidney (BHK-21) cells f stably

expressing T7 RNA polymerase

a. Y113 recovery recombinant QS05 7% insertion N@LWYS 3284 31N pCl-
QS05+3284A plasmid lagld helper plasmids 4 genes (N, P, G uaz L) 11 BHK/T7-
9 cells U&7 incubate 4 % INMNUBYINTLAL supernatant ﬁ”l,é*lﬂ infect NA cells

W& incubate 3 YWIILANGIE FITC-anti-N \iNBQ infected cells

anti-N mock control

519 7 Immunofluorescence of NA cells infected with recovered QS05+3284A virus

' a . a . L A '
WUINRNNTAARVBY nucleoprotein KazINNILAA foci PUTILRAIDINTUNINILANBVDI
e hiwlddaumasdnafsla
NNNMINAadityinl#nInuin full-length cDNA clone 7 lasiuanunsasiranlglunig
recovery virus bo waaen9lsAaNEInIda9lE T7 promoter waz BHK/T7-9 cells Tun1s recovery
A A’l [l ) [ o A o A A . =< ¥
Feszuuhez ldaansashnavanlddenuszina lng ldifiasanilywii3as material transfer 3916

WeNeNuinnT recovery nelé CMV promoter da'ly
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b. ¥i1n17 recovery recombinant QS05 7§l insertion fi§umniis 3284 21N pCl-
QS05+3284A plasmid lagld helper plasmids 3 genes (N, P LLaz L) Fanan
HEP-Flury strain L8z RC-HL strain I@ﬂﬁy’oaaas:uuagmsﬂﬁ CMV promoter Tu NA
cells W& incubate 4 Su 9Nt

i. oy transfected cells @28 anti-G

HEP-Flury system RC-HL system

519 8 Immunofluorescence of transfected cells
Uno

i. sy supernatant fla 11 infect NA cells W& incubate 3 Ju3auee

FITC-anti-N Lﬁlagl infected cells

HEP-Flury system RC-HL system

]
~

34N 9 Immunofluorescence of NA cells infected with recovered QS05 virus

ldwunsfasuad nucleoprotein 1w infected NA cells
MIAaFDBY glycoprotein lu transfected cells ﬁf’ummﬁ@mn full-length cDNA clone “71'
sl
8. dadnalunisdiiuauvesgisulun1sasns recombinant rabies virus
a. M38319 pUC-HDVRbz laisnansna$ne plasmid 1% Nhel restriction endonuclease
site ldanufisanuuuly (hmsasraseulszanm 30 clones) 39daailfuuanld
restriction endonuclease E'Iul,mu

Y A { o & R~ o )
b. NIRY pT7-QS05-F3 Tauunwunoanuuy P asudduiuazinnsase pT7-
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QS05-F3 WiN8%aI9IN3 clone F3 fragment 19N pT7Blue-T vector ud? Ly

plasmid A1l F3 fragment ida4n Tl (¥hnsaTasaulszants 70 clones) 3416

& =

mMIUAsuuHwnlasuld F3 fragment aanidugadsaiude F3a uas F3b nhui
M sTaunssasdIwdu pUC-QS05-F3ab @sluanuaauiniszauilyniitudaann
o A o A .

(Yinn13aT1araulszunms 70 clones) TINUWAINIILINNAINN toxic sequence
e IH' v 1 v v v
aafn lanandluudrdnadn

c. N3 recovery Va4 recombinant virus ha9a1n full-length cDNA clone (pCI-QS05) f
155 recovery virus TugrausnlaivszananudSanin liiinsld glycoprotein

Yon @ @ o

I 5 ERN
helper plasmid ¥n##A9u6advinnIa$e full-length cDNA clone iulwaj
\hasang e ldanananiin BHK/T7 cells uaz RC-HL helper plasmid nulel T7
[ o v o v o Y [% . AaA
promoter nauNn AU szna Inglavinligsdasltiianlun1sains plasmid 13 T7 RNA
polymerase gene LaZ§319 BHK cells 71 stably expressing T7 RNA polymerase Waltlung
recovery recombinant virus @ 1U LAazAERAINANTAGINITA recovery virus IALAIHUEINS
fadinnInasay cell-to-cell spreading lulradiaz®ia1 mean lethal dose (LD50) \Nanagay
Qmauﬁamad recovered virus LURATNARBININTY intracerebral Waz intramuscular LiN®

\wW3suifsy pathogenicity nutia lasaniilu parental strain da'ly

aulasesmsuazdsslandiilasuoinsmisei
=3 1 SR @ 6 A a 6 a L v
1. faudlasamaazldusgfeiaguezasdiaulunisedunsdnngmaniveslsaisgiviin
lasganuduRusizniiamILazduninie himafoudiluszuudszam udnad
ldanmisfinmldinlugasdanailna
v 6 A & & A [ . d%' @ A e
2. ldasdanuslwudaiuasananiieariy non-neuronal adaptation va417a liiaRui
@ ') o v Aa a £
11NAN8RAIINNNT passage b BHK-21 cells (non-neuronal cells) finlAiAansiiads
. Y o | . ) { o , th
284 virulence VT8 13 lasanatdunaan point mutation AR WA 7
polyadenylation sequence Va4 intergenic region 3:%737149 phosphoprotein LLaz matrix

protein gene

]
a a v

3. lesadanuslmiiieanunisaini reverse genetics 289138 hiaRugiuti aafinda |y

Taduniitlasndslidamzdidulasmaninriinig recovery street rabies virus strain

(2
A e o '

ldwrieu lasNunziiidbagluiuaaugariawainis recovery 119 street uaz BHK-

adapted strains @49 recombinant virus 71 lenIgadIdrazanunsaUn lldnA

a = v U Cz’ =
pathophysiology 2a3lsafisgriutilananauldan

LONE1TD19D9
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Phatthamon Virojanapirom, Pakamatz Khawplod, Arthikaya Sawangwaree, Supaporn

Wacharapluesadee, Thiravat Hemachudha, Kinjiro Morimoto and Akira Nishizono.

BHK-cell adapted canine rabies virus variant: mutation in intergenic phosphoprotein and

matrix protein gene non-coding region may confer higher neurovirulence in adult

mice.(submitted for publication) [taNRITLUY 1]

AMANWIN

1. ¥NN19&319 full-length cDNA clone mau%a"b%’aﬁwqﬁfmﬁﬁ Qs-
05 strain (pCI-QS05)
a. &9 plasmids 6199 A3
i. pUC-QS05-F1(containing Hammerhead Ribozyme)
ii. pT7-QS05-F2
ii. pT7-QS05-F3a
iv. pT7-QS05-F3b
v. pT7-QS05-F4
vi. pT7-QS05-F5
vii. pT7-QS05-F6
viii. pUC-HDVRbz
b. Tuaanumsa plasmids Je9dl
i. N RNA mau%a“l,ﬁaﬁmqﬁmﬁwﬁm High Pure Viral RNA Kit (Roche)
ii. First-strand RNA synthesis @18 SuperScript® Reverse Transcriptase (Invitrogen)
iii. Polymerase Chain Reaction @78 KOD-Plus DNA polymerase (TOYOBO)

X . & o a o v v w . ®
iv. Agarose gel electrophoresis 3MNU#UGAA fragment NABINITLAIRNANIY NucleoSpin
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Extract Il Kit (MN)
v. Agarose gel electrophoresis 5ﬂﬂ%&Lﬁamnaaummﬂ“ﬂm fragment ﬁvl,@i”
vi. Cloning PCR product ﬁ"l,é'ldslu pT7Blue T-vector (Novagen) %30 pUC-19 vector
1. 1@) overhang A ‘ﬁﬂmwad PCR product L‘ﬁ;admmﬂu blunt-end product k1)
10x A-attachment Mix (TOYOBO) 30 w1l 60°C
2. ¥i1nN1 ligate digested fragment U vector @28 Mighty Mix Ligase (TaKaRa)
16°C 1-6 Talu
3. Transformation lagld competent cells E.coli strain DH5-alpha #38 XL10-Gold
1M incubate 37°C 12-16 T2l
vii. inInasaur plasmid i fragment ﬁé’fa\‘m’]ﬂm}m‘mﬁ'@ﬁaﬂ in-house miniprep
(alkali-lysis method) ‘ﬂ’mﬁ?uﬁﬁmimnmuﬁ’m restriction endonuclease digestion
viii. &ne plasmid ﬁlﬁ fragment ﬁﬁaamsﬁm E.Z.N.A. Plasmid Miniprep
iX. AIAFOUANDNADIVBITALIUAGIE sequencing
x. 1Fld3unu 4Peaks, ATSQ uaz GentyX-Mac lumsiianzidaya
c. ada fragment 619 9 E@LH Gaft
i. First-half construction (pCI-QS05-NPMG) sznauaiy pUC-QS05-F1, pT7-QS05-
F2, pT7-QS05-F3a ez pT7-QS05-F3b
1. 839 pUC-QS05-F3ab laumsdasa F3a fragment 37N pT7-QS05-F3a LLae
F3b fragment 310 pT7-QS05-F3b a2 double insert Vi‘iaad fragments L"JTWE’;(
pUC19 vector
2. &9 pUC-QS05-NPMG lasniaada F2 fragment 31N pT7-QS05-F2 uag
F3ab fragment 91N pUC-QS05-F3ab &7 double insert Yo fragments 111§
pUC-QS05-F1
3. #3719 pCl-QS05-NPMG lasn13aada NPMG fragment 310 pUC-QS05-NPMG
L°1'Jy’1§;( pCl vector %Mﬂu expression vector
i. Second-half construction (pUC-QS05-LRbz) Usznauale pT7-QS05-F4, pT7-QS05-
F5, pT7-QS05-F6 Laz pUC-HDVRbz
1. &9 pUC-QS05-F6Rbz lasn1saada F6 fragment 310 pT7-QS05-F6 \ing
pUC-HDVRbz
2. 85149 pUC-QS05-LRbz lagn1saasia F4 fragment 30 pT7-QS05-F4 uaz F5
fragment 3110 pUC-QS05-F5 W2 double insert ﬁg\‘iaa\‘i fragments L‘ﬁﬂg'( pUC-
QS05-F6Rbz
ii. Full-length cDNA clone (pCI-QS05) Usznauais pCl-QS05-NPMG az pUC-QS05-
LRbz
8314 pCI-QS05 laun1iaada LRbz fragment 310 pUC-QS05-LRbz 191§ pCl-
QS05-NPMG
d. TumauMIaAda fragment 6139 EdaLN
i. Aada fragments 1§l plasmid figoams

1. Specific restriction endonuclease tiagdulaiauad PCR product 3 121847
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37°C
2. Agarose gel electrophoresis NNuea fragment fida9n1sudIERARIL
NucleoSpin® Extract Il Kit (MN)
3. Agarose gel electrophoresis §ﬂﬂ§'\nﬁam’maaumu’mmad fragment 'ﬁlvl,ﬁ
4. ¥nn"1 ligate digested fragment U vector @8 Mighty Mix Ligase (TaKaRa)
16°C 1-6 72119
5. Transformation lagld competent cells E.coli strain DH5-alpha #38 XL10-Gold
W& incubate 37°C 12-16 T2l
AinmMInagaunn plasmid i fragment ﬁé’fa\‘lmﬂm}m‘mﬁ'@ﬁaﬂ in-house miniprep
(alkali-lysis method) ‘ﬂ’m‘lfuﬁﬂm‘imnmuﬁ’m restriction endonuclease digestion
&M@ plasmid ﬁﬁ fragment ﬁﬁaamsﬁm E.Z.N.A. Plasmid Miniprep
ATIINOUANINYNADIVBY plasmid il fragment ﬁgﬂﬁaoﬁﬂﬂ%ﬂ@u restriction

endoniclease digestion

. . e & A - ., oA 4y,
I@m‘qn recombinant virus 9 lasiuazd unique restriction endonuclease site Aa Sacll Fa'laiwy

4 parental QS05 w38 QS05-BHK-P7 sequence Lasunsaliidunsasiasaylain recovered virus

& . . { o & a
14411l recombinant virus ﬁﬁ’i’]x‘]“ﬂ%&l'ﬁ‘ix‘]

2. ¥in3aT full-length cDNA clone maoﬁa%%’aﬁwqﬁfmﬁ’] QS-05 strain (pCl-QS05(M-

G/Asel))

a. §319 pT7-QS05-F3c Jvnaaunsasainlantda 1b.

b. %39 pT7-QS05-F3c(M-G/Asel) lagvnnsidsuseuiualu M-G intergenic region &g

4 ald o &
QuikChange® Il Site-Directed Mutagenesis Kit (Stratagene) T3JUWAWAIN

vi.
Vii.

viii.

98NUUY primer 715 mutation AdWMAIS 3214C>T waz 3217A>T

Polymerase Chain Reaction @18 Pfu Ultra HF DNA polymerase lasold pT7-QS05-
F3c 1T template

Dpnl digestion 37°C 1 2 lua

Transformation lagld competent cells E.coli strain XL1-Blue ﬁ]’mifu incubate 37°C
12-16 T2l

¥mInagaum plasmid 313 fragment AidasmslagmIanade in-house miniprep
(alkali-lysis method) mnﬁuﬁwmsmwaauﬁw restriction endonuclease digestion
&6 plasmid ‘ﬁﬁ fragment ﬁﬁadm‘sﬁm E.Z.N.A. Plasmid Miniprep
ATIAFOUANUDNADIVBITALIUAGNE sequencing

1#lUsunsn 4Peaks, ATSQ Uaz GentyX-Mac lumsiianeridaua

U

c. aade fragment @19 NG I8N® A9

First-half construction (pCI-QS05-NPMG(M-G/Asel))
8319 pCI-QSOS-NPMG(M-G/AseI)IﬂUmiﬁmia F3c(M-G/Asel)
fragment 370 pT7-QS05-F3c(M-G/Asel) Lmu‘ﬁ F3c fragment 283 pCI-QS05-
NPMG
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ii. Full-length cDNA clone (pCI-QS05(M-G/Asel))
§319 pCI-QSOS(M-G/AseI)Iﬂim’m;fﬂ@ia LRbz fragment 370 pUC-QS05-LRbz
11§ pCl-QS05-NPMG(M-G/Asel)

¥IM3839 full-length cDNA clone maaﬁa%%’aﬁugﬁfmﬁw QS-05 strain “?llfl ferritin heavy
chain Lmu‘ﬁl pseudogene region (pCl-QS05/hFER(M-G/Asel))
a. &9 plasmids 6199 dit
i. pT7-QS05-F4deltapseudogene (without pseudogene sequence) fl"f?u@]a%ﬂﬁiﬁ%”ld
wllauta 1b.
ii. pT7-StopStart/hFER (containing transcription stop-start sequence Wa¢ ferritin heavy
chain)
b. UAOWNNIES pT7-StopStarthFER fieait
i. ¥inn1suan peripheral mononuclear cells (PBMCs) 310 heparinized whole blood
@28 LSM Lymphocyte Separation Medium
i. &na RNA 910 PBMCs 678 TRIzol® Reagent (Invitrogen)
iii. First-strand RNA synthesis ae SuperScript® Reverse Transcriptase (Invitrogen)
iv. Polymerase Chain Reaction el ExTaqTNI polymerase (TAKARA)
v. Agarose gel electrophoresis ﬁ]’mﬁ?uﬁ@ fragment ﬁﬁadﬂﬁiLLﬁﬂaﬁﬂﬁaﬂ NucIeoSpin®
Extract Il Kit (MN)
vi. Agarose gel electrophoresis 5ﬂﬂ%&Lﬁﬂm’Jﬁ]ﬁ@umm@“ﬂm fragment ﬁvL@T
vii. Cloning PCR product ﬁ"lé’flalu pT7Blue T-vector (Novagen)
viii. YiinInasaun plasmid PRE fragment ﬁﬁaamﬂ@ammﬁ‘@ﬁm in-house miniprep
(alkali-lysis method) mnﬁ?uﬁﬁm‘smﬁﬁmauﬁm restriction endonuclease digestion
ix. &N plasmid ﬁﬁ fragment ﬁéfmm‘sﬁ’m E.Z.N.A. Plasmid Miniprep
X. @329ROUANNYNABIVDIIGNLLUFGIY sequencing
xi. 1811suny 4Peaks, ATSQ uaz GentyX-Mac lunsiianzidaya
c. Gada fragment 19 9uE@aLN Gaft
i. Second-half construction (pUC-QS05-L/hFER) Usznauais pT7-QS05-
F4deltapseudogene LLaz pT7-StopStart/hFER
8319 pUC-QS05-L/hFERIaEMIAa6a F4deltapseudogene
fragment 371N pT7-QS05-F4deltapseudogene LLas StopStart/hFER fragment
27N pT7-StopStart/hFER &2 double insert ﬁt\‘laa\‘l fragments Lmu“?i F4
fragment 284 pUC-QS05-LRbz
ii. Full-length cDNA clone (pCIl-QS05/hFER(M-G/Asel))
8319 pCI-QSOS/hFER(M-G/AseI)I@]tlﬂ’]iﬁ@]@ia L/hFER
fragment 371N pUC-QS05-L/hFER L‘iT’lgi pCI-QS05-NPMG(M-G/Asel)
4. ¥inMI&I9 full-length cDNA clone mau%a”h%faﬁwqﬁmﬁw QS-05-BHK-P7 strain (pCI-P7(M-
G/Asel))

a. 839 plasmids 6199 a9
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i, pUC-P7-F3c faunaumiaanianda 1b.
ii. pUC-P7-F3c(M-G/Asel) fituneumiaismiiouds 2b. uald pUC-P7-F3c 1ilu
template
iii. pUC-P7-F6Rbz Jdumaunsairainiianda 2b. usld primer Af mutation AduwLs
10537A>G a2 pUC-QS05-F6Rbz LI template
b. Gafa fragment sng I FIETI Gil
i. First-half construction (pCI-P7-NPMG(M-G/Asel))
83149 pCI-P7-NPMG(M-G/Asel)laumsaasda F3c(M-G/Asel)
fragment 3710 pUC-P7-F3c(M-G/Asel) Lwlu‘ﬁl F3c fragment 283 pCI-QS05-
NPMG
ii. Second-half construction (pUC-P7-LRbz)
8319 pUC-P7-LRbz laansaada P7-F6Rbz fragment 910
pUC-P7-F6Rbz unwuil pUC-QS05-LRbz
iii. Full-length cDNA clone (pCI-P7(M-G/Asel))
839 pCI-P7(M—G/AseI)I<ﬂEm’liﬁ@@iEJ P7-LRbz fragment 311
pUC-P7-LRbz 1§ pCI-P7-NPMG(M-G/Asel)

YiTN178379 full-length cDNA clone mam,%a"h%’aﬁuqﬁﬂnﬁw QS-05-BHK-P7 strain 13 ferritin
heavy chain Lwlu‘ﬁ pseudogene region (pCI-P7/hFER(M-G/Asel))
a. dada fragment 1 9uE@aLN Gaft
i. Second-half construction (pUC-P7-L/hFER)
83149 pUC-P7-LRbz lasn1iaasa P7-F6Rbz fragment 27N
pUC-P7-F6Rbz unwuil pUC-QS05-LRbz/hFER
ii. Full-length cDNA clone (pCl-P7/hFER(M-G/Asel))
8314 pCI-P7/hFER(M-G/Asel)lasnsaasa P7-L/hFER
fragment 37N pUC-P7-L/hFER Lﬁﬁgj pCIl-P7-NPMG(M-G/Asel)
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Tasonsh 2 Neuropathology of Inhibitory Neurons in Furious and Paralytic Rabies of

canine origin
HSUAATOUNAN A.UW.TUN 19110

Janlszain
Lﬁ'aﬁﬂmaﬁnmumaaL%fiﬂszmﬂﬂ'usi’ﬂuawawaaqﬁfmﬁwﬁ@ﬂaﬁméﬁLLa:éauLLsa NN
wanenInunIa lal I@ﬂﬁawgagmdﬁm%:ﬁaﬁﬂmua@aﬂuawaaqﬁfmﬂwﬁm@ﬂ& vait
Lﬁﬂdﬂﬂﬂwuiﬂugﬂay'%@mﬂ (Schizophrenia) Siwaddiutianasluauassn pre frontal uazlu

°

g alsaaNTEUARN I wInanaIluaNa 8% temporal

NIIA NI

ﬁﬂmﬁmﬁaawaaqﬁmﬁﬁwmu 15 G889 LLﬂGLﬂWﬁﬁ@]ﬂﬁﬁJﬂgx‘l 8 f1a1d LazdawwId 7
Mate  lapudazalatnavinnsdansluuSiias neocortex (frontal, parietal, temporal L&
occipital lobes) caudate, thalamus LL&2 hippocampus ﬁwmﬂﬁﬂmaﬁmﬂuﬁﬂmﬂﬁ lagld

antibody 6@ calcium-binding proteins 7@ parvalbumin lumsuuniradlszangues

A va
Wanlasu
WLANLANANI II NI WU DI TR UTERINEU LI IURN AILANIZNALRIY frontal lobe laanaud

FIWINNINNIN luauaaqﬂfmﬁwﬁ@ﬂﬁméﬁ UA WLANULANANNRUBIFIURINDY

aytuazdiasziing

TR ST RN luauaaqﬁ?’uﬁLﬂuiiﬂﬁwqﬁfmﬁnﬁv’wﬁ@ﬂﬁm&Ll,a:a'auma fanu
LANENINWAGUMTS frontal lobe BasFNEd  ualinuaNuLANARdILAsAuTaIENas 39
"l,zjmﬁls:l,ﬂummq ﬁﬁﬂﬁl,ﬁ@m'mLmﬂ@hﬂumﬂﬁuammaaqﬁfmﬁwﬁv’aaaaLLm_l

Output HAITBANIN

Ruangvejvorachai P, Nopvichai C, Tepsumethanon V, Wacharapluesadee S, Hemachudha T,
Shuangshoti S. Role of inhibitory neurons in the pathogenesis of paralytic and furious rabies
in canine. [LANRITLULUL 2]

RNELHG) wnuzfiinasfanRiaBuUL double-labeling staining lagld antibody wiia
parvalbumin Uag rabies viral antigen tanagauin LasUszamdusIfiny Jaasnsiaite

ﬁwqﬁfmﬁmmﬂ@mﬁu%‘%avlaj Lﬁaaﬁ;ﬂwaq@‘ﬁw LR FIANUWIWINTRIT
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{ o [ % o { & a L
lassmsfi 3 nsdnwlils@uluaans iuanas uazladunasvasgraiidulsafingiy

TUULINMIANLUAZULLBNNIA

d3uAnyaulasonis
1 @3.8n53n1 J0HATNA
6 o a aA 1 A
auinuniaansmuuszinaluladFinnurnd
2 W8N DuaNAILATTY

indnmIzauliyyiien mntiazmaas IaanItiumIingay

'y I3
qmqﬂizaaﬂ
d' =1 o A (% s s % d'
WWafneIanwumensLaadsaanvasldsduluauas Muanes  waz lUaunas PoIFUBA
LﬂﬂiﬂﬁHqﬁfmﬁmuummsq%ﬁﬂ LLmJé’&lwmLm:qﬁfmﬁvlmﬂuiiﬂﬁmqﬁfmﬁw

NITANRWIW

=S = =) [ A o s %
NaINMIAnMRUTouRsuTzauMTLaadaanvadldsaudumglulusunasuas
g liidubiafingiatn (V) nulugmaiidulinfingriathuny Furious (F) wazuuy paralytic
(D) lae 3% 2D PAGE

(ouﬂ‘z:mmmnnuﬁ%ﬂiﬂﬁHqﬁfmﬁn 7N g{uﬁﬁuﬁmmmLLa:mﬂIuIaE%amwLL'ﬁ'ama)

ﬁrmmﬁLﬂi’]:ﬂﬂiauﬁl,l,mﬂ@haﬁ'uamaﬁﬁfﬂé’]ﬁrymaaqﬁfmﬁﬂﬂsﬂﬁwqﬁfmﬁmuu
Furious (F) WaSWUU paralytic %38 dumb (D) Lﬂ'%m_lLﬁuuﬁuqﬁfmﬁvlmﬂukﬂﬁwqﬁfmﬁw (N) lns
udaznga ledayavasquantidvedlsiuudazsia LLﬁ’;ﬁwm%'@mjuLwﬂmmﬁmmmﬁwﬁmaa
Iﬂiaufuﬂ‘lﬁ 12 ﬂéj&l éﬁf: Antioxidant proteins, Apoptosis-related proteins, Cytoskeleton
proteins, Heat shock proteins and chaperones, Immune response-related proteins,
Intermediairy metabolism enzymes, Neuron-specific proteins, RNA binding proteins and
proteins serving in transcription and splicing and elongation, Ubiquitination and proteosome-

related proteins, Vesicular transport proteins, Hypothetical protein 8z Unidentified

f28819
1) avaduazlrdunasvasgrinidulsaisgivii

a

1.1 giidulefisginduuugefidedios (FE) (n = 3)

D

a Aa

1.2 qﬁmﬁﬂu‘[mﬁwqﬁmﬁwLmué'wwmﬂLawmm%'a (DE) (n = 3)

a

1.3 giaidulsefisginduuugiheideiat (FL) (0= 3)

a A Ao ¥

14 qﬁfmﬁtﬂﬂiﬂﬁwqﬁmﬁwLmué’uwmmammm (DL) (n = 3)
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2) swadwazladunasvasgiaf liilulsafingiati (N) (n = 6)

ABLAUA8EN

udatauasz lIdunas (81dsznm 10 wudwaes) nngiafiiedieamusrwnd ld
1 d%’ A a o ' o =S

lundasdaaaizangmngd -70 °C aunitazhandnwinaaad

mimaaamaﬁaaﬂﬁﬁ'@ms

1. mysfausnlUsauaindrogrefiduaves fusuas LLanL“nﬁwé’waaqﬁmﬁ"[aﬂﬁﬁm%a
lsanngiath qﬁmﬁ@m‘%ﬂkﬂﬁHqﬁmﬂﬁ“fi‘llmmu&ﬁﬁ&lLL&:LLUU5NW1W
1) ¥ihdrasnsananansnlsiulasualdmdunuale Lysis buffer uas vortex Wiazans
i W iwenswilaunls
2) anaznaulisaudie3T Acetone Chloroform Precipitation

3) JaUSunmlUsfudrs35 Lowry protein assay lagld BSA tiulis@uanasgiu

2. Mmsuenlysduanalatng 1833 Off-line LC-MS/MS

1) LLﬂﬂIﬁJiaumuﬁ’mﬁfﬂIwLaan,@Ul%ﬂizLLﬁ"LWﬂﬂ@T’m‘i% SDS-PAGE

2) danldsduluusiniaaaluinaiia silver staining ﬁ@ﬁauwammmmfmﬁfﬂiuLaqa
uendasldsuludauaadisiawlminiudu lasmnafia In-gel digestion

3) Aanzidladens LC-MS/MS

Liquid Chromatography-Mass Spectrometry (LC-MS/MS) Wutnadanisuanssuas
m’aﬁmﬁzﬁﬁz\iL%aqmmwua:ﬂ%mmﬁm%ﬁﬁaasmﬁl,ﬂmaamm

WANNIY A ﬁaasm'mﬁLﬂﬂvlmﬁ'«azgﬂﬁ:uLﬁﬂ;jﬂa@?uﬁs’fimwiumigﬁaymgmﬂmawﬁa
yuatdn msueniiadwluaodud Lﬁaamnmﬂvlmiwia:ﬁuLﬂ'&‘aumumgmﬂmam%aﬁm
ANUSINUANAITH viéTammfuLﬂaJvL@lﬁLwiazmm:gn"?msw:ﬁmaﬁaU MS gwsuanaddlad
ﬁﬁﬂ%mmmﬂwaa:gnﬁﬂﬁmﬂuumﬁu uaz software 3TWIATTAMIEIAUNTA=H UV
ulUladalsinafia De Novo sequencing

4) Jiazrmvievaslusduaislusunsy MASCOT

naflasy

1. HAMTIATIEHNSHenlUTARIINAE196283F SDS-PAGE @Tagﬂﬁ' 1-4 WU
mmsa'ﬁwmLﬂﬂﬁﬂIu%y‘uﬂwsLLﬂﬂ‘[ﬂsaumum{mﬁﬂiuLaqavlﬂﬁﬂiﬁulmmuwaﬁﬁauﬁm
waidla silver staining LLa:mm‘mﬁﬂﬁamaamwmmfmﬁﬂiuLaqa wegasTUsauluionas
drotoulairsdu Ildlusdwiaiundnsdn iy ladas 55 Lc-MsMs da'ly
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Over 225 kDa

180-225 kDa
102-150 kDa

76-102 kDa

52-76 kDa

38-52 kDa

|
{

!

|
|
|

12-17 kDa

225kDa e . .
T P A S I
102kDa ____ :
76 kDa

52 kDa

38 kDa

31 kDa

17 kDa

12 kDa

317 1 usasdrataafiuunllsiudu3s SDS-PAGE ludratnaanadsiu Hippocampus

Over 225 kDa

150-225 kDa
102-150 kDa

76-102 kDa

52-76 kDa

38-52 kDa

31-38 kDa

17-31kDa

12-17 kDa

|
f
|
l

225 kDa
180 kDa
102 kDa
76 kDa

52 kDa - i
1 == : —
" -
- - - -

38 kDa '
e aca-aa-":i' ' """
.- - - -

' """ i.u:;.ui; H g
pretieccnstce +00d

17 kDa

12 kDa

31l 2 LRAIFLNIaNLen1UIeka21857 SDS-PAGE ludiatiniguadain Parietal
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Over 228 kDa

180-225 kDa
102-150 kDa

76-102 kDa

52-76 kDa

38-52 kDa

31-38 kDa

17-31kDa

12-17 kDa

|
i
|
!
{

225 kDa
180 kDa --F-
102 kDa
76 kDa

52 kDa

38 kDa

31kDa

17 kDa

-
12 kDa - .

31N 3 URAIFaL1IaNLen1UsA1ka2833 SDS-PAGE ludiatindguadaln Brainstem

Over 225 kDa

180-225 kDa
102-150 kDa

76-102 kDa

52-76 kDa

38-52 kDa

31-38 kDa

17-31kDa

12-17 kDa

|
f
|
l
{

225 kDa
150 kDa
102 kDa
76 kDa
52 kDa

X o RS us . .
58 kDa '. """ '-" a’; """""""""""""" - S T T T TRES WS T Se TS
31kDa . ........ Sl  SsBgts N . aB88-§

. -
. --- -Ee e . aEeee

17 kDa
12 kDa - . L

317 4 usasdiatnaafiuanlysdiud it SDS-PAGE ludragnylagunal
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~ A A o o o A ' o AN v A o AV 1 &
139N 1 usessfiavaslsdudumnzlusuauszlgunasnuandiunldaaifeonvesgian i

a o o nn a Y v A g a v o @ o da dn = @
IiﬂWEqu"ﬂU'}LﬂiUUW]ﬂﬂﬂﬂiuq%“ﬂﬂLﬂ%IiﬂWHq%"lﬁJ"lLLU?J@P'TElLLﬂ$LL'1Jl|E]NW'T@]Y]L@EW'N]L?'JLLG&':"]YI

ID Details Protein Region N FE DE FL DL
28S ribosomal protein S14, mitochondrial gi|157787000 | Hippocampus | 1 " M 0 1
aczonin gi|6433936 Hippocampus | 1 " 0 0 il
axin gi|2252820 Brainstem 1 0 " 1 "
brain alpha-tropomyosin (TMBr-1) gi|207355 Spinal cord 1 1 " 1 1
brain alpha-tropomyosin (TMBr-3) gi|207359 Spinal cord 1 1 ™ 0 1
Brca1 gi|6694636 Spinal cord 1 1 0 0 0
g‘r;‘aest and ovarian cancer susceptibility gil157460971 | Brainstem ' 0 o 1 1
CD2 molecule gi|56204193 Hippocampus | 0 ™ 1 " 0
gn]?grﬁpycr%fgﬁ‘:g;‘ftﬂzgf Human gi[109158020 | Brainstem | 11 |11 |11 |11 |11
Chain A, Crystal Structure Of Human

B ey | otZa8sarss0 | mranstem (1t |11 |11 [ |
Complex With Nad And Phosphate

Chain A, Low Resolution, Molecular

Envelope Structure Of Type | Collagen In

Situ Determined By Fiber Diffraction. Single | gi|254221095 | Brainstem il il il i il
Type | Collagen Molecule, Rigid Body

Refinement

Chard Stucu OlPto e | owessie | Hepocams [ 1 |1 |1 |1 |0
Chain A, Structure Of Tropomyosin's Mid-

Region: Bending And Binding Sites For gi|85544236 Spinal cord 1 1 " 0 1
Actin

g;gl'; *}y ggel gg:f;’;gr? ,a;lcegﬂf‘ge” Typel | 109156929 | Brainstem O Y
chondroitin sulfate proteoglycan 3 gi|56122258 Hippocampus | 11 " " " "
collapsin response mediator protein gi|1582083 Brainstem " " " " "
collapsin response mediator protein 1 gi|14189905 Brainstem " " ™" " ™M
CSPG3 variant protein gi|68533063 Hippocampus | 11 " " " "
cyclin A2 gi|14210077 Brainstem 1 0 0 0 T
cytokeratin 9 gi|435476 Brainstem " 0 T 0 i
cytokeratin KRT2-6HF gi|13272554 Brainstem " 0 1 0 "
cytokeratin type Il gi|3901030 Brainstem " 0 1 1 i
5§¢£Sié§8p_Glu_Ala_A3p/ His) box gil157272171 | Brainstem o [t |1 |1 o
dihydropyrimidinase-like 2 long form gi|161727458 | Brainstem " " ™" " M
dihydropyrimidinase-like 2 short form gi[161727456 | Brainstem " " " " "
dihydropyrimidinase-like 2 variant gi|62898846 Parietal N I M M 0
dihydropyrimidinase-like 2 variant gi|62087970 Brainstem " " " " "
icllgf);drmﬂynmldmase-related protein 1 gil62422571 Brainstem 17 17 17 1 o
;jslg]}gﬁpgnmldmase-related protein 1 gil4503051 Brainstem 17 17 o 1" o
dihydropyrimidinase-related protein 2 gil4503377 Parietal " " " " "
dihydropyrimidinase-related protein 2 gi|4503377 Brainstem " " " " "
DKFZP459J041 protein gi|207080280 | Hippocampus | 11 " ™ " I
E3 ubiquitin-protein ligase RNF123 gi|300796384 | Brainstem " " M " ™M
E3 ubiquitin-protein ligase RNF19A gi[194474032 | Brainstem " " ™M " "
epidermal keratin subunit Il gi|293686 Brainstem N 0 1 0 T
FLIP gi[148913064 | Hippocampus | 11 T 0 0 "
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ID Details Protein Region N FE DE FL DL
GAPDH-2 like gi|2282013 Brainstem ™ ™ ™ " ™
g(l)ultjabrir;ate oxaloacetate transaminase 1, gil148709958 | Parietal 1 1 " 1 "
e e ase e | oissezsara | parea |1 |11 |1 [0 |
ehychogenase. test cpeoiic 110626121 | Brainstem | 11 | 11 |1t |11 |
heat shock protein gi|840652 Brainstem " 1 " " "
heat shock protein 105 kDa gi|114145505 | Brainstem " i " " "
heat shock protein 110, isoform CRA_a gi|148673922 | Brainstem ™ 1 ™ " ™
HLA-B associated transcript 2 gi|147832430 | Brainstem ™M 0 0 i 0
HSD-35 gi|34559254 Brainstem " " " " "
HSPC192 gi|7106774 Parietal T 1 T 0 0
Ig heavy chain variable region, VH3 family gi|33319536 Hippocampus | 0 " " 0 1
IgK gi|196490 Parietal " " ™" 0
:’r:gil::oglobulin lambda light chain variable gil4324228 Brainstem ' 1 1 17 '
keratin 1 gi|11935049 Brainstem " 1 0 0 1
keratin 17, isoform CRA_c gi|119581156 | Hippocampus | 1 0 1 " i
Keratin 6A gi|46812692 Hippocampus | 1 1 T 0 0
Eggg‘ dzr(rﬁ‘:)dermo'ym paimoplantar gil[119581148 | Brainstem m o lo [+ |1 |1
keratin type Il gi|914833 Brainstem ™" 0 T 0 1
keratin, type | cytoskeletal 10 gi|296476308 | Spinal cord 1 0 1 0 0
keratin, type | cytoskeletal 17 gi|4557701 Hippocampus | 1 0 1 " 1
keratin, type Il cytoskeletal 1 gi|119395750 | Brainstem 1 1 0 1 1
keratin, type Il cytoskeletal 5 gi|50233797 Brainstem " 0 i 1 "
keratin, type Il cytoskeletal 6A gi|5031839 Hippocampus | 1 T 1 0 0
keratin, type Il cytoskeletal 6A gi|155369696 | Hippocampus | 1 1 " " 0
keratin, type Il cytoskeletal 6C gi[155969697 | Brainstem " 0 1 1 1
keratin, type Il cytoskeletal 7 gi|114051856 | Brainstem " 0 1 1 "
keratin, type Il cytoskeletal 75 gi|29789317 Brainstem " 0 i T "
keratin, type Il cytoskeletal cochleal gi|114145409 | Brainstem ™M 0 1 1 M
kinesin-associated protein 3 gi|197097982 | Hippocampus | 11 " " " "
rI;1ae;:1bboer:.u&_::leoprote|n domain family, gil55959410 Hippocampus | 1 o o 0 o
la-related protein 4B gi|57634536 Hippocampus | 1 " ™" 0 M
metaphase chromosomal protein gi|1154803 Parietal 0 " 0 1 1
msh homeobox 1-like protein gi|71370485 Brainstem 1 T 0 0 0
mucin-16 gi|83367077 Brainstem 0 T 1 0 0
mutant keratin 9 gi|1890020 Brainstem " 0 i i i
NADH dehydrogenase subunit 4 gi[13562136 Brainstem 1 1 0 1
neurocan core protein precursor gi[118600983 | Hippocampus | 11 " " " "
Gone enhancer n B-eels hiitorike 1 | 916195433 | Bansem | 1|10 1 1|
Padi2 protein gi[126153395 | Spinal cord " " " " ™"
peptidyl arginine deiminase, type Il gi|148681383 | Spinal cord ™ I I " T
PGCN_HUMAN gi|2627295 Hippocampus | 11 " N " N
Fsr;?srpmha;ep;::glrjl:esroerotem, mitochondrial gil6031192 Hippocampus | 1 1 0 0 '
ipsr;(?srpmha;ep:::;[:(resrop;roteln, mitochondrial gil4505775 Hippocampus | 1 o 0 1" 1
pol protein gi|21913262 Parietal T i il 0
PRAME family member 16 gi|113865933 | Brainstem 1 1 1 1
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ID Details Protein Region N FE DE FL DL
PRAME family member 17 gi|157426839 | Brainstem 1 1 0 1 1
PREDICTED: abhydrolase domain . .

containing 10 gi|291400705 | Brainstem il il il i "
PREDICTED: acyl-CoA-binding domain- . .

containing protein 5-like gil301784310 | Brainstem 1 1 " 1 1
PREDICTED: ADP-ribosylation-like factor 6 . .

interacting protein 6 gi|114581255 | Brainstem 1 1 1 0 ™
PREDICTED: BTB (POZ) domain . .

containing 8 gi[194211113 | Parietal 1 " " " "
PREDICTED: DEAD (Asp-Glu-Ala-Asp) box . .

polypeptide 46 gi|114601933 | Brainstem N I T 0 1
PREDICTED: DEAD (Asp-Glu-Ala-Asp) box gil194224905 | Brainstem 0 ' t 0 0
polypeptide 58

PREDICTED: DNA repair protein . .

complementing XP-C cells isoform 1 9i[297670010 | Spinal cord il mn il " 1
PREDICTED: DNA repair protein . .

complementing XP-C cells isoform 2 9i[297670012 | Spinal cord il il il " 1
PREDICTED: dynein heavy chain 7, gi|293361672 | Parietal 1 " 0 1 11
axonemal

PREDICTED: dynein, cytoplasmic 2, heavy . .

chain 1 isoform 1 gi|291383983 | Brainstem 1 T 0 0 1
PREDIQTED: dynein, cytoplasmic 2, heavy gi|291383985 | Brainstem 1 1 0 0 1
chain 1 isoform 2

PREDICTED: erythroblast membrane-

associated protein (Scianna blood group)- gi|194665871 | Brainstem " " " " "
like

PREDICTED: intercellular adhesion . .

molecule 5 gi|114675337 | Spinal cord 1 " " " "
PREDICTED: KCTD2 protein-like gi|293340576 | Brainstem I 0 I i I
PREDICTED: kinesin-associated protein 3 . .

isoform 2 gi|114565304 | Hippocampus | 11 ™ ™ " ™
PREDICTED: kinesin-associated protein 3 . .

isoform 4 gi|114565298 | Hippocampus | 11 " " " "
ErlztEGI?r:CiTED: microtubule-associated gil194221363 | Hippocampus | 1 1 1 1 1
‘I?Eili)r:(iTED: MORN repeat-containing gil297279741 | Parietal 1 1 " 1" 1
PREDICTED: mortality factor 4 like 2-like gi|27674605 Spinal cord 1 1 0 0 0
PREDICTED: olfactory receptor 414-like gi|194668731 | Hippo ™ " ™ " ™
PREDICTED: PRAME family member 10 gi[114575124 | Brainstem i 1 1 1
PREDICTED: PRAME family member 17 gi|114554119 | Brainstem 1 1 1 1
PREDICTED: putative uncharacterized . .

protein FLJ37004-like gi[109003210 | Parietal L L I L
PREDICTED: ras-related protein Rab-26- . .

like, partial gi|297283256 | Spinal cord M I M " N
PREDICTED: serine/threonine-protein . .

kinase SRPK2-like isoform 1 9i[109067772 | Hippo L L N A A
PREDICTED: serum albumin-like isoform 1 gi|301786252 | Brainstem ™ ™ M ™ ™
PREDICTED: similar to 3-oxoacyl- gi|149729674 | Hippocampus | 1 " " " 0
PREDICTED:_S_lmllar to Abhydrolase gil149625264 | Brainstem ' 0 ' 1 N
domain containing 8

PREDICTED: similar to apolipoprotein O gi|149744396 | Brainstem T 0 1 1 3
PREDICTED: similar to CDC2-related . .

kinase 7 isoform 6 gi|73966113 Spinal cord 1 1 0 0 0
PREDICTED: similar to Cell division cycle

2-related protein kinase 7 (CDC2-related gi|73966105 Spinal cord 1 1 0 0 0
protein kinase 7) (CrkRS) isoform 1

PREDICTED: similar to CG17941-PA gi|73981949 Parietal i i i 0 i
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ID Details Protein Region N FE DE FL DL
PREDICTED: similar to chromatin . .

modifying protein 28 gi|74001062 Parietal 1 " " 1 1
PREDICTED: similar to Chromosome 14 . .

open reading frame 73 gi|126290447 | Spinal cord ™ ™ M 0 ™
PREDICTED: similar to chromosome 6 . .

open reading frame 152 gi|149463327 | Parietal 1 1 0 0 il
PREDICTED: similar to Coiled-coil and C2 . .

domain containing 1A isoform 1 gi[126323160 | Hippocampus | 1 0 T 0 T
PREDICTED: similar to Coiled-coil and C2 . .

domain containing 1A isoform 2 9i|126323162 | Hippocampus | 1 0 1 " 1
PREDICTED: similar to cyclin T1 gi|73996851 Hippocampus | 1 " 1 " T
II:’iI:aESE;I?;'ED: similar to cyclin-dependent gil126308212 | Spinal cord 1 1 0 0 0
PREDICTED: similar to cytokeratin type Il gi|73996498 Brainstem 1 0 T 0 "
PREDICTED: similar to dentin . .

sialophosphoprotein precursor, putative gil126337978 | Brainstem 1 0 0 1 1
PREDICTED: similar to diabetes related . .

ankyrin repeat protein gi|149727156 | Brainstem 1 0 0 1 1
PREDICTED: similar to dopamine beta- . .

hydroxylase P gi|126297977 | Spinalcord | 1t |11 |11 |11 | 1t
PREDICTED: similar to Glyceraldehyde-3-

phosphate dehydrogenase, testis-specific

(Spermatogenic cell-specific glyceraldehyde | gi|73948478 Brainstem ™ " ™ " ™
3-phosphate dehydrogenase-2) (GAPDH-2)

(HSD-35)

PREDICTED: similar to GPI- . .

mannosyltransferase subunit 9i[74002957 Brainstem 1 0 1 T l
PREDICTED: similar to GS homeobox 1 gi|149599030 | Brainstem 1 1 1 " 0
PREDICTED: similar to heat shock . .

transcription factor 1 9i[149598283 | Brainstem 1 1 il 1 il
PREDICTED: similar to keratin 5b gi|73996461 Brainstem ™ 1 1 ™
PREDICTED: similar to keratin 6L gi|73996463 Brainstem " 0 i T "
PREDICTED: similar to Keratin, type |

cytoskeletal 14 (Cytokeratin-14) (CK-14) gi|114667176 | Brainstem " 0 i 1 i
(Keratin-14) (K14)

PREDICTED: similar to kinesin-associated . .

protein 3 gi|126306371 | Hippocampus | 11 ™ ™ " ™
PREDICTED: similar to Leucine-rich repeat . .

protein SHOC-2 (Ras-binding protein Sur-8) 9i[74003729 Parietal 0 T T t T
PREDICTED: similar to low density . .

lipoprotein receptor-related protein 10 gil149567113 | Parietal 1 " 1 " 1
PREDICTED: similar to low density . .

lipoprotein receptor-related protein 8 gil73956442 Brainstem ! 0 0 0 1
PREDICTED: similar to Low-density

lipoprotein receptor-related protein 4 . .

precursor (Multiple epidermal growth factor- 9il126332714 | Parietal " " 1 " "
like domains 7)

PREDICTED: similar to Macrophage

receptor MARCO (Macrophage receptor gi|73984183 Parietal 1 M 0 0 0
with collagenous structure)

I:(I;{Enl?)lnc_i;ligélzlmllar to myosin heavy chain gil149409210 | Brainstem 1 o 1 0 0
Eﬁi‘gﬁli’i’;g‘ﬁ"ar to N-mye proto- gil149631792 | Spinalcord |1 |1 |0 |0 |o
PREDICTED: similar to nucleoside . .

diphosphate kinase type 6 gi|73985902 Hippocampus | 1 ™ 0 0 1
I:(I):{TEZDICTED: similar to Olfactory receptor gi[74006383 Brainstem N 0 ' 0 '
PREDICTED: similar to Olfactory receptor gil73982588 Spinal cord 1 1 0 0 0

9
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ID Details Protein Region N FE DE FL DL
PREDICTED: similar to peptidylarginine . .

deiminase, type I gi|149253211 | Spinal cord " " " " ™"
PREDICTED: similar to Ral guanine . .

nucleotide dissociation stimulator-like 3 9i[126322823 | Spinal cord m m m d il
PREDICTED: similar to RIKEN cDNA . .

6330514A18 gene gi|149633975 | Brainstem 1 " ™ 1 ™
PREDIQTED: S|m.|lar.to RNA polymerase | gil126297923 | Spinal cord N N 0 0 0
transcription termination factor 1

PREDICTED: similar to SEL1L gi|126282500 | Spinal cord M T 1 0 T
PREDICTED: similar to SLC25A3 protein . .

isoform 4 gi|114646438 | Hippocampus | 1 " 0 " il
PREDICTED: similar to sorbin and SH3 . .

domain containing 2, partial gi[149615821 | Brainstem 1 0 1 1 1
(I;’(I;ltEaD5ICTED: similar to T cell receptor V gil149598669 | Brainstem 1 0 1 1 1"
PREDICTED: similar to tolloid-like 2, partial | gi|149618793 | Spinal cord 1 1 0 0 0
PREII_)IC_)TED: similar to tudor domain gil73980599 Brainstem 1 0 1 1 1
containing 6

PREDICTED: similar to type IIA . .

procollagen, partial gi|149473605 | Brainstem 1 0 1 1 ™
PREI?ICTED: similar to ubiquitin associated gil149409863 | Hippocampus | 1 1 1 17 0
protein 2

PREDICTED: similar to Ubiquitin-

conjugating enzyme E2 E3 (Ubiquitin-

protein ligase E3) (Ubiquitin carrier protein gi|74004751 Spinal cord ™ ™ N " N
E3) (Ubiquitin-conjugating enzyme E2-23

kDa) (UbcM2) isoform 3

PREDICTED: similar to Zinc finger protein

64, isoforms 1 and 2 (Zinc finger protein gi|194238788 | Hippocampus | 0 " ™" " 0
338)

;’&EDICTED: similar to zinc finger protein gil149554947 | Spinal cord N ' 0 0 o
PREDICTED: ubiquilin 1 gi|194224707 | Brainstem 0 il " 0 "
PREDICTED: ubiquitin specific protease 34 | gi|293353299 | Brainstem ™ 1 M " M
E’kReEDICTED: UPF0691 protein C9orf116- gil301792272 | Spinal cord o 1" t 1" t
PREDICTED: WD repeat domain 78 gi|297473081 | Hippocampus | 11 " " " "
prostate stromal protein ps20 gi|10312075 Brainstem 1 0 1 0 1
protein piccolo isoform 1 gi|150378539 | Hippocampus | 1 ™ 0 1 1
protein piccolo isoform 2 gi|150170670 | Hippocampus | 1 " " 1
protein unc-13 homolog C gi|284055293 | Brainstem 1 1 " " "
protein-arginine deiminase type-2 gi[171906557 | Spinal cord " " " " ™"
protein-glutamine gamma- . .

glutamyltransferase E gi|124001551 | Hippocampus | 0 1 1 ™" 1
protocadherin 15 precursor (predicted) gi[165934069 | Spinal cord 1 1 0 1 0
protocadherin alpha-8 gil41281624 Hippocampus | 1 0 1 1 0
PRTD-NY2 gi|12330995 Parietal 0 1 1 i 0
quaking protein 3 gi|17224450 Brainstem i " " T "
RAB26, member RAS oncogene family gi|44890744 Brainstem 1 0 T 1 "
ras-like protein family member 11B gi|110625708 | Hippocampus | 1 " " " "
ras-related protein Rab-26 gil46361978 Brainstem 1 0 1 0 "
RecName: Full=Evolutionarily conserved

signaling intermediate in Toll pathway, . .

mitochondrial; AltName: Full=Protein gi[150382601 | Hippocampus | 0 T 0 T m
SITPEC; Flags: Precursor

RecName: Full=Hemoglobin subunit beta-Z;

AltName: Full=Beta-Z-globin; AltName: gi|232227 Brainstem ™M 0 1 0 T

Full=Hemoglobin beta-Z chain
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ID Details Protein Region N FE DE FL DL
RecName: Full=Homeobox protein MSX-1; . )

AltName: Full=Msh homeobox 1-like protein gil88913535 Brainstem t ! 0 0 0
RecName: Full=Myelin basic protein; . .

Short=MBP Y P gi|32469616 Brainstem 1 " I ™ N
RecName: Full=Protein HUG-1; AltName: . .

Full=HOX11 upstream gene 1 protein 9il13124303 Hippocampus | 1 " " " "
RecName: Full=Protein-arginine deiminase

type-2; AltName: Full=Peptidylarginine . .

deiminase II; AltName: Full=Protein- gil730271 Spinal cord 1" mn i mn i
arginine deiminase type Il

RecName: Full=RNA-binding protein 12B;

AltName: Full=RNA-binding motif protein gi|75071008 Parietal I ™ N " N
12B

reelin gi|1743885 Parietal 1 1 1 0
regulator of G-protein signaling 22 gi|158534077 | Parietal 0 1 1 0

RNA helicase LGP2 gi|149408137 | Hippocampus | 1 " " 1 "
sarcomeric tropomyosin kappa gi|49660012 Spinal cord 1 1 " 0 1
serine/threonine-protein kinase SRPK2 . .

isoform a gi|33188449 Hippocampus | 11 ™ ™ " ™
serum albumin precursor gi|57977283 Brainstem " " " " "
EET and MYND domain-containing protein gil156616308 | Brainstem ' 0 0 0 1
SFRS protein kinase 2 isoform ¢ gi|34329350 Hippocampus | 11 " " " "
short-wave sensitive type 1 opsin gi|77025120 Brainstem " 0 0 1 "
skeletal muscle tropomyosin gi|339958 Spinal cord 1 1 ™ 0 1
SLC25A3 protein gi|34783216 Hippocampus | 1 ™ 0 0 1
SMAP gi|3645904 Hippocampus | 11 " " " "
solute carrier family 25 (mitochondrial

carrier; phosphate carrier), member 3, gi|119618006 | Hippocampus | 1 " 0 " T
isoform CRA ¢

SRPK?2 protein gi|46250445 Hippocampus | 11 " M " M
STAT3 gi|13272532 Brainstem " " " " "
T-cell surface antigen CD2 precursor gi|156071472 | Hippocampus | 11 " 1 " 0
tetratricopeptide repeat protein 35 gi|166157534 | Parietal i i " 0 i
TPM1 protein gi|29792232 Spinal cord 1 i " 0 1
TPMsk1 gi|19072647 Spinal cord il il " 0 il
transducin-like enhancer of split 3 (E(sp1) . .

homolog, Drosophila), isoform CRA_d gi[119598257 | Parietal t t 0 0 0
tropomyosin (227 AA) gi|825723 Spinal cord 1 1 " 0 1
tropomyosin alpha striated muscle isoform gi|49660014 Spinal cord 1 1 " 0 1
tropomyosin isoform gi|854189 Spinal cord 1 1 " 0 1
type Il keratin Kb1 gi|149031965 | Brainstem 1 1 0 0 1
type Il keratin Kb14 gi|51092301 Brainstem " 0 T i T
type Il keratin subunit protein gi|386854 Brainstem 1 1 0 1 1
ubiquitin carboxyl-terminal hydrolase 20 gi|157427794 | Spinal cord " " " " "
WAP four-disulfide core domain protein 1 gi|18379353 Brainstem ' 0 ' ' '
precursor

yv40g01.s1 Soares fetal liver spleen 1NFLS

Homo sapiens cDNA clone IMAGE:245232 gi|1195811 Hippocampus | 1 0 1 0 i

3-, mRNA sequence
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FL = mjuqﬁfmﬁLﬂuiiﬂﬁwqﬁfmﬁwmeﬁmﬁlﬁﬂ%’iwﬁﬁ
DL = mjuqﬁfmﬁLﬂﬂiﬂﬁwqﬁfmﬁwLLUUé’NWWﬁL%U%’iWﬁ
0 wunds lifien intensity)

A, i A a X A ~ ~ )
(T wanwfy Ae intensity NLuan WallSoutisuny o)

& A, ) A a X A a ~ )
(11 wanady U6 intensity NiNLBUIIN WaldIuuisunu 0)

2.

NaNITILATIzR R TRava9lUsAunTn1suaasaanuaIaNaIsIn Hippocampus,

Parietal, Brainstem WLaz [USHHRES madqﬁfmﬁ"l,&ivl,ﬁ?mL%akﬂﬁmgﬁfmﬂw qﬁfmﬁam%a‘[iﬂﬁwqﬁfm

ﬁﬂﬁ'ﬂmmmﬁwmmumué’uwm nldsunIy MeV @T&gﬂﬁ 5-8 WUINRINITANWWIINATGA LY

&< A & A a o
AWNITILATIEARITRAV DI [ 5Aw |6

mCz147683
neurocan

PGCN_HUMAMN

RecName:

SMAP

SRPEZ protein
unnamed protein
unnamed protein
unnamed protein
unnamed protein

"cDNA secquence BCOEEL135, isoform CRA 1 "
chondroitin sulfate proteoglycan 3
chondroitin sulfate protecglycan 3

C3PG3 variant protein
DEFZP459J041 protein
hypothetical protein LOCZTLBET
"kinesin-associated protein 3
kinesin-assoclated
kinesin-associated
kinesin-associated
kinesin-assocliated
kinesin-associated
"kinesin-associated protein 3, isoform CRA_a
"kinesin-associated protein 3,
"kinesin-associated protein 3, isoform CRA b "

(predicted), iscform C
protein 3
protein 3
protein 3
protein 3

3

protein isoform 1

isoform CRA a "

neurocan core protein precursor
neurocan <ore pratein precursor

EREDTCTED: hypothetical protein isoform 5

PREDICTED: hypothetical protein LOC463641 isoform 2
PREDICTED: hypothetical protein LOC463641 isoform 4
PREDICTED: hypothetical protein LOC463641 isoform 7
PREDICTED: hypothetical protein LOC463641 isoform O
PREDTCTED: kinesin-associated protein 3 iscform 1
PREDICTED: kinesin-associated protein 3 iscform 2
PREDICTED: kinesin-associated protein 3 iscform 4
PREDTCTED: LOW QUALITY PROTEIN: serins/threonine-pro
PREDICTED: microtubule-associated protein 4
PREDICTED: olfactory receptor 414-1like

PREDICTED: olfactory receptor 414-like

PREDICTED: ras-like protein family member 11B-like
PREDTCTED: ras-like protein family member 11B-like
"PREDICTED: PAS-like, family 11, member B"
PREDICTED: serine/threonine-protein kinase SRPKZ
PREDTCTED: serine/thrsonins-protein kinase SRPKZ-1lik
PREDICTED: similar to Coiled-coil and CZ domain cont
PREDICTED: similar to Coiled-coil and CZ domain cont
PREDICTED: similar to kinesin-associated protein 3
PREDICTED: similar to Neurocan core protein precurse
PREDTCTED: similar to RAS-like family 11 member B
PREDICTED: similar to RAS-like family 11 member B
"PREDICTED: similar to RAS-1like, family 11, member B
PREDTCTED: WD repeat domain 78

ras-like protein family member 11B
ras-like protein family member 11E
Full=Kinesin-assoclated protein 3;
BNA helicase LGPZ

"RPCI-24-299M4.TV RPCI-Z4 Mus musculus genomic clone
serine kinase SREKZ

serine kinase SRPKZ

serine kinase SRPKZ-alternatively spliced form;
serins/threonine-protein kinase SRPKZ isoform a
serine/threonine-protein kinase SRPKZ isoform b
SFRS protein kinase 2 isoform o

"similar to hypothetical protein FLJ11354

Short=RaA

simi

(predicted

product
product
product
product

‘:I = = tﬂl tﬂl ' a ] s e o a aa
EﬂVIS LRAINANTITIUIBULNEY ﬂ?iuﬁﬂdﬂaﬂﬂLﬂaﬂ%uﬂﬂdu@ﬂ@?dﬂuaquwuﬂﬁﬂﬂtyﬂﬁdﬁﬂ@(p <

0.05) TaIENBIAIU Hiocampus vaigHaivasgianaaialsaingintnsluwuugouszuuuduma

Wisuifisunugian ldld@azalsaRegividaldsunsy Mev
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FL1
FL
FL3

FE1
FEZ
FE3 T
DEL 5
DEZ
DE3
DL1
DLZ .
DL3

— s WD
=2 =22 2 2 2

IgEK
metaphase

RPeclName:

"glutamate oxaloacetate transaminase 1,
"glutamic-—

FREDICTED:
FREDICTED:
PREDICTED:
FREDICTED:
FREDICTED:
Full=RNA-binding protein 12B; AltName:
unnamed protein product

soluble"
oxaloacetic transaminase 1, aspartate aminot
chromosomal protedin

BETE (POZ) domain containing 8

MOBRN repeat-containing protein 1

similar to chromatin modifying protein IZB
similar to low density lipoprotein receptor
similar to Low-density lipoprotein receptor
Full=p

P = a a 4 ' @ = N aa
Ell‘n 6 LLﬁ@\ﬁNﬂﬂWSLﬂiﬂ'ﬂLﬂﬂU ﬂ']iLLa(ﬂ\‘laﬂﬂ'ﬂL‘lJaﬂuLLﬂa\‘iLL@]ﬂ@]']\jﬂuﬂﬂ’]\juuﬂa’]ﬂfy'ﬂqﬂﬁﬂ@] (p <

0.05) aIaNBIFIU Parietal aIgUINVRIgHINGAITalInAngHvtmMIluLLLg T BLAZLLLEN WA

Wisuifisunugiafn il ld@azalsaRugiuidaldsunsy Mev

0.0 5.2 7.867
=l m A Mm A m M
S MmN W MM KEKEGdddddad
ZEEEE 2 E2EnmEO0O0 0D AOAA
albumin -
albumin

"Chain A,
GAPDH-Z like

hCoeZ011880
H3D-35

"mCE142119,
"mCG142119,

STAT3I

"glyceraldehyde-3-phosphate dehydrogenase,
"glyceraldehyde-3-phosphate dehydrogenase,

"unc-13 homolog ¢ (C.
"unc-13 homolog € (C. elegans), lsoform CRA:b "
"unc-13 homolog C (C.
unnamed protein product

dog (fragment)

breast and ovarian cancer susceptibility gens
Crystal Structure Of Human Sperm-Specific

testis—sp
testis-sp

hypothetical protein
hypothetical protein PANDA 009757
hypothetical protein PANDA 018508
isoform CRA a
isoform CRA b "

nuclear factor of kappa light polypeptide gene enhan

"

PREDICTED: abhydrolase domain containing 10
PREDICTED: erythroblast membrane-assoclated protein
"PREDICTED: glyceraldehyde-3-phosphate dehydrogenase
"PREDICTED: glyceraldehyde-3-phosphate dehydrogenase
"PREDICTED: glyceraldehyde-3-phosphate dehydrogenase
"PREDICTED: glyceraldehyde-3-phosphate dehydrogenase
"PREDICTED: glyceraldehyde-3-phosphate dehydrogenase
"PREDICTED: glyceraldehyde-3-phosphate dehydrogenase
"PREDICTED: glyceraldehyde-3-phosphate dehydrogenase
"PREDICTED: glyceraldehyde-3-phosphate dehydrogenase
PREDICTED: hypothetical protein LOCLlO001Z8935
PREDICTED: hypothetical protein LOCLO001Z8935
PREDICTED: protein unc-13 homoleg C

PREDICTED: putative uncharacterized protein encoded
PREDICTED: serum albumin-like isoform 1

"PREDICTED: similar to Glyceraldehyde-3-phosphate de
"PREDICTED: similar to Glyceraldehyde-3-phosphate de
PREDICTED: similar to hCel820509

PREDICTED: similar to RIKEN cDMA £330514418 gene
"PREDICTED: similar to type IIA procollagen, partial
PREDICTED: similar to Unc-13 homeolog € (Muncl3-3) is
PREDICTED: similar to unc-13 homolog € isoform 3
PREDICTED: ubiquilin 1

PREDICTED: unc-13 homolog C (C. eslegans)

PREDICTED: uncharacterized protein NCRNAODODSS homolo
protsin unc-13 homolog ©

protein unc-13 homolog ©

protein unc-13 homolog ©

quaking protsin 3

RecMName: Full=Myelin basic protein; Short=MEP
RecName: Full=Protein unc-13 homolog C; AltName: Ful
RecName: Full=Putative uncharacterized protein encod
RecMName: Full=Serum albumin; Flags: Precursor
RecMName: Full=Uncharacterized protein NCRNAOOO95 hom

serum albumin precursor
spermatogenic cell-specific glyceraldehyde 3-phospha

elegans), isoform CRA a

elegans), isoform CRA c "

‘:I = = dl dl ' a ] s o o a aa
E‘.IJ‘YI 7 ugaINanN1ILUIBULINEY ﬂ']iLLﬁ@NﬂaﬂﬂLﬂaU%LLﬂadLL(ﬂﬂ(ﬂ']\‘]ﬂ“H:ﬂquuuﬁlﬁﬂﬂm_"ﬂ’]dﬁﬂ@] p <

0.05) VodFNBIAIU Brainstem vasguaNvsginaazelinfingriatimsluuuuginoussuuudumie

Wisuifisunugian ldld@azalsaRusgivtihdaldaunsy Mev
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0.0 6.98 7.73

=AM A Mo M
SN W EEEMBEEE A a4
2 EE 222 R MNAA A RN MR B QA

"Chailn A,

"mCG12848,

PREDICTED:
PREDICTED:
PREDICTED:
PREDICTED:

PREDICTED:
PREDICTED:
FEREDICTED:

FREDICTED:

PREDICTED:
FREDICTED:
PREDICTED:

"PREDICTED:
"EREDICTED:

"EREDICTED:

"PREDICTED:
"PREDICTED:
"EREDICTED:
"PREDICTED:

Crystal Structure Of Human RabZé In Comple
hypothetical protein

isoform CRA b "

Padil protein
"peptidyl arginine deiminase, type II "

DNA repalir protein complementing XP-C cel
DNA repair protein complementing XP-C cel
hypothetical protein
intercellular adhesion molecule 3
PABZE, member BAS oncogene family
PABZE, member BAS cncogene family-like"
ras-related protein Rab-Z&-like
ras-related protein Rab-Z&-like isoform 1
ras-related protein Rab-Z&-like isoform Z
ras-related protein Rabh-2&-like, partial
similar to dopamine beta-hydroxylase
similar to peptidylarginine deiminase, t
similar to RABZE, member BAS oncogene fa
similar to RABZE, member PAS oncogene fa
similar to RABZE, member PAS oncogene fa
similar to Ral guanine nucleotide dissoci
similar to zinc finger protein 709
UPFOE9] protein CY9crfllé-like

protein-arginine deiminase type-2
"RAEZG, member RAS oncogene family
"RAEZH, member RAS oncogene family, isoform CRA a

"BABZS, member RAS oncogene family, isoform CRA b"
ras-related protein Rah-28

ras-related protein Rab-2&

ras-related protein Rabh-Z2&

ReclName: Full=Protein-arginine deiminase type-I; Alt
ReclName: Full=Ras-related protein Rak-2§

unnamed protein product [Mus musculus]

unnamed protein product [Mus musculus]

3UN 8 ugaanamaIoufisy  niusaseaniilfountasuandranuednlnadaynasda (p <

0.05) Va4 MUFUARI °uaaqﬁf"uﬁ"uadqﬁfmﬁaﬂL%aiiﬂw“wqﬁfmﬁﬁﬁ'ﬂmmuq%ﬂLLazLLuué'uwm

Wisuifisunugian ldldfazalsaRugiathdialdsunsy Mev

QCHMPZB

e s
~CENPE

@SERPINGl
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MYEF2

/—\ZNF709

\?V‘EN5G00000236346

511 9 usasnamaBanlosiuvaslds@unnisuaasaanfilfowulasuanarenuwa el s nig

8iid (p < 0.05) vosgrvNvasganfazalinisgivimluiungisuszuuuduwia wWisuisuiy

g ldldGazalsaRugiuindsldsuny String
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® ICAM5
intercellular adhesion molecule 5, telencephalin; ICAM proteins are ligands for the leukocyte
adhesion protein LFA-1 (integrin alpha-L/beta-2) (924 aa)
GAPDHS
glyceraldehyde-3-phosphate dehydrogenase, spermatogenic (408 aa)
C11orf58
Small acidic protein (183 aa)
UNC13C
unc-13 homolog C (C. elegans) (2214 aa)
& CHMP2B
chromatin modifying protein 2B (213 aa)
STAT3
signal transducer and activator of transcription 3 (acute-phase response factor) (770 aa)
& CENPE
centromere protein E, 312kDa (2701 aa)
ABHD10
abhydrolase domain containing 10 (306 aa)
# SERPING1 (500 aa)
! KBTBDS8
kelch repeat and BTB (POZ) domain containing 8 (575 aa)
ALB
Albumin (609 aa)
MYEF2
myelin expression factor 2 (600 aa)
LRP10
low density lipoprotein receptor-related protein 10 (713 aa)
MAP4
microtubule-associated protein 4 (1152 aa)
KIFAP3
kinesin-associated protein 3 (792 aa)
GOT1
glutamic-oxaloacetic transaminase 1, soluble (aspartate aminotransferase 1) (413 aa)
WDR78
WD repeat domain 78 (848 aa)
ERMAP
erythroblast membrane-associated protein (Scianna blood group) (475 aa)
CHST3
carbohydrate (chondroitin 6) sulfotransferase 3 (479 aa)

PADI2
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peptidyl arginine deiminase, type Il (665 aa)

' UBQLN1

ubiquilin 1 (589 aa)

" RGL3

ral guanine nucleotide dissociation stimulator-like 3 (710 aa)

= DBH

dopamine beta-hydroxylase (dopamine beta-monooxygenase) (617 aa)

0 ZNF709

zinc finger protein 709 (641 aa)

' ENSG00000236346

NF-kappa-B inhibitor-like protein 1 (Nuclear factor of kappa light polypeptide gene enhancer in B-
cells inhibitor-like 1)(Inhibitor of kappa B-like protein)(I-kappa-B-like protein)(lkappaBL) (381 aa)

(Homo sapiens)

317 10 usasdwanlisduiinmsuaaseanfiifouudasuandranuagnfiddyneaiia (p < 0.05)
o @ o A o Ada & A v o & o o o
vasludunas vesgiaivesgiafidatelinfingriuinluunugouazuuudunia wisuiiuny
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quw"l,uvl,@@m makﬂwwqumm
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Heat shock proteins and chaperones

Heat shock proteins %38 stress proteins Lﬂ%ﬂéﬁ&liﬂiauﬁwululfm&1uaﬂ1’szﬂﬂ§l OF

'
) v s

Mundnaaanu chaperones QRMGEY folding va4 cellular protein %% conformation Qﬂﬁad Tu

D-

§ANLNLAG environmental stresses  LT%  ANNTAU NSAALTE NNTANLRL NIBINLITBINY
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Immune response-related proteins
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Neuron-specific proteins

Collapsin response mediator protein 2 (CRMP-2) %380 dihydropyrimidinase-related
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Ubiquitination and proteosome-related proteins
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A3799NFHITHAA non-neuronal Amansafiusegnelding 1w i wwe niisda
PULTURFI ﬁﬂﬂﬁgﬁfﬂﬁlﬁﬂ%%
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4.1 TassnsuSauiisuisnisasreiteanlia RB aramaiaamiaine 5 uuy
“Comparative detection of rabies RNA by NASBA, real-time PCR and conventional PCR”

Lﬂu‘[mamﬁﬁ'mﬂ‘%ﬂuLﬁﬂuﬁ‘ﬁmsmnmaa%%ﬁwm 5 5iia Mdun13a39R%

5’1mmﬁﬂuﬁuﬁaﬁgﬁnﬂmamm:;ﬁ%’y éuA NASBA-ECL  (Wacharapluesadee  and
Hemachudha, 2001) &8z Real- time PCR (Wacharapluesadee et al. 2008) Laz31n
AuIIA9UTzIN @A RT-hnPCR (Dacheux et al., 2008) RN IATITANAIUNT %
lﬁajmﬂﬂmz;ﬁﬁ'm (Real time- NASBA) 1iaL1/3su1fiey sensitivity specificity 4az32p21a0
Tum5Sfiads Bnral3oufisunsliiaiesda 2 uuulunnsvih Real- time NASBA dald
Lﬂ‘éaaﬁaﬁiWwazﬁw'ﬁ@T@w'%ﬁmj%'@fﬁmmU LLﬂZﬂ’]iﬂizglﬂ(iﬂfLﬂ%ﬂd Real- time PCR&%

mslinuatnsnsnaslulszinealng 31nnia3ad Real- time NASBA

Hafilasy
1) MaIsuLiBy sensitivity 2893511301929 5 WUU
nnnmadisufisuludiedns 2o8ia ldu vial - RNA - 284 hiaRugiai siia

laboratory strain (CVS-11) LLa:"La%'aﬁVL@Ta’lﬂawaaqﬁfmﬁa@L%avlﬁaﬁwqﬁmﬁ’l (street strain)
lasn1s¥in diluton  1:10 Lﬁ"amms;mﬁ’]aﬁ%%msm’mLm'aumummmmmwﬂﬁaﬁﬁ
Wu31 NASBA-ECL, Real- time PCR uaz Nested-PCR flanulhlumsasiafiszauifiontiu
Tuvnuedi Real-  time  NASBA  fanuhlunisanatesniniivemu 10 wih agelad
wadany

@2ga Nucleic acid sequence-based amplification with electrochemiluminescence (NASBA-ECL)

Reverse transcription (RT) - heminested (hn) polymerase chain reaction (PCR)
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Aa (%

2) maiaufioy sensitivity 289357 naw1Iulnal Real- time NASBA ainm3lfiatasiiansa

FNTHAN

Primers W8z Probe 184 Real- time NASBA vl,éfaammmﬁﬂ@umﬁ'wﬂa;&aﬁugmmaa
5%m15 NASBA-ECL AiWaimniuaaudl 2543 ﬁﬁgaﬁu&a’hﬁmwu"lﬂumimaagm R0
mwﬁadmimmmjﬂamiam%sl%%"l,ﬁ (Wacharapluesadee and Hemachudha, 2001) uas
Ifdwitnsamanasgusasguiljuianimeliaauas Gaudil w.a. 2543 — 2552 ud
Lﬁaaﬁnﬂﬁmwq@m?zmmzﬁ‘immﬂﬁfﬁm EcLiilflunsasia lapfinaluladlna fo NASBA
-Real time 3unuii uadadldindasiiosuwizlunmsasiadfiads Gedsenuns

anzATedaldnasasuszundldiaiasiio Real- time PCR Saflagluwesufianisag
g hamesasldlunisvin Real- time NASBA Ssuifisuiunislfiaios Real time
NASBA ¢l

AINARBUNLIN NI Real- time NASBA aniadasiians 2 oite Inanisasafily

WANANINBNILILS sensitivity LAz specificity

ayUuaziiaszina

HamsTsnalisuifisuinafienveniiinelumienaiiads hiafsgiui e
anwaseft Trefuiuinadia Real- time PCR sannihanltlunmaifadogiholsaiy
piathnaunuis NASBA-ECL figudufiiansTsamsauas lilunmsasiafududaud w.e.
2543 uazfuazdinaluladlna Ao Real- time NASBA Alilaliuanisamandenylhln
MNTA3579 AnNIBEN (NASBA-ECL) msfionallmwnznisamatauuy ECL (Humsiaf
end point MAIMNIMIRZANFLLIMVEI chemiluminescent luumuzfi Real- time NASBA
\unmyiaaaas fluorescent NN 9 cycle Afmaasuudas udatalsfiony nsasadas
inaluladl Real- time NASBA ld5z8zammsasiasafintesnin aedszanm 2 T2l luame
‘ﬁl NASBA-ECL @Tao’l,ﬁmﬂwﬁy'umaun’n amplification LLaz detection TINUIzNH 3 %LJING
LLazﬂ'\immsnﬂizﬂqﬂmﬂ%ﬁuLﬂ%faq Real- time PCR 'ldlaglaisniiudosdoindosvasszuy
NASBA

nM30319399adsmafia Nested-PCR  lFtaanlunisasiatszanoe 5 52 lu9 uasd
ANULELIRBNTILAA contamination 3xHIINNIATIY ﬁaﬁaoms;jﬂﬁﬁaﬁﬁﬂimummﬂums
a329§49 usadalafiaw WhwanepasduluninfinySunondudn L-polymerase Bonwanena
91NN13¥N Real- time PCR was NASBA 9315w nucleoprotein (N) 1uduiinwany uaziin
Suifanuasdiszninglasy strain 6199 wiapiiniadn geautrag Samunziasldluns
aadfiadnagrounsnansrialan anndidu N Adanuesadinda wasHuudIuniinig

Paglan way strainmaavb%’aﬁwqﬁfmﬂﬁ
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a79N 1 Comparison of NASBA and PCR detection systems for detection of rabies viruses

Sample NASBA-ECL"  NASBA- NASBA- TagMan RT-  RT-hnPCR’
(Dilution) Beacon -EQ”  Beacon-LC® PCR’

Cvs (10'4)* ++/+ ++/+ +H+/+ ND +H+/+
CVS (10°)  ++/+ +H+/+ +H+/+ ND +H+l+
CVS (10°)  ++/+ I~ oI~ ND +H+l+
CVS (107)  #-- I~ I~ ND -I-I-
CVS (10°) - I~ oI~ ND -I-I-
D4 (1 0'3)# +/+/+ +/+/+ +/+/+ +/+/+ +/+/+
D4 (1 0'4) +/+[+ +/+[+ +/+[+ +/+[+ +/+[+
D4 (1 0'5) +/+/+ +/+/+ +/+/+ +/+/+ +/+/+
D4 (10°) A+ -1+l -l-l- o+ +-l+
D4 (107) +/-}- -l -l oJ-I- oJ-I-
D4 (10°) -I-I- -J-I- -l oJ-I- of-I-

ND = not done due to mismatch between probe and target, * RNA concentration = 0.018 ug/pl,

* RNA concentration = 0.374 ug/l, * NASBA assay with electrochemiluminescence detection, ° real-
time molecular beacon NASBA performed with the NucliSens EasyQ analyser, * real-time molecular
beacon NASBA performed with the LightCycler real-time PCR machine, ‘ one step TagMan real-time

RT-PCR, ° RT- heminested PCR
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A19197 2 Sensitivity, specificity, positive predictive value, and negative predictive value of

TaqgMan real-time RT-PCR results in 4 specimens

Position Sensitivity [95% CI]  Specificity [95% CI] PPV [95% CI] NPV [95% ClI]
Brain 100.0 100.0 100.0 100.0

Saliva 83.3 [76.1, 90.6] 100.0 100.0 76.0 [67.8, 84.4]
Whisker follicles ~ 81.8 [74.3, 89.3] 100.0 100.0 74.4 [66.0, 83.0]
Hair follicles 66.7 [57.5, 75.9] 100.0 100.0 61.4 [51.9, 70.9]

PPV = Positive predictive value, NPV = Negative predictive values
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1. Wacharapluesadee, S., Hemachudha, T. 2001. Nucleic-acid sequence based amplification
in the rapid diagnosis of rabies. Lancet. 358, 892-893.

2. Wacharapluesadee, S., Sutipanya, J., Damrongwatanapokin, S., Phumesin, P.,
Chamnanpood, P. Leowijuk, C., Hemachudha, T. 2008. Development of a TagMan real-

time RT-PCR assay for the detection of rabies virus. J Virol Methods. 151, 317-320.
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Bourhy, H., 2008. A reliable diagnosis of human rabies based on analysis of skin biopsy

specimens. Clin Infect Dis. 47, 1410-1417.
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Wacharapluesadee S, Hemachudha T. Ante- and post-mortem diagnosis of rabies

using nucleic acid-amplification tests. Expert Rev Mol Diagn. 2010 Mar; .18-207:(2)10
Review. [LANRITLUL 4 ]

Wacharapluesadee S, Phumesin P, Supavonwong P, Khawplod P, Intarut N,

Hemachudha T. Comparative detection of rabies RNA by NASBA, real-time PCR and
conventional PCR. J Virol Methods. 2011 Aug;175(2):278-82. [Lan&13LLuY 5]

Supaporn Wacharapluesadee, Veera Tepsumethanon, Pornpun Supavonwong,
Thongchai Kaewpom, Nirun Intarut, Thiravat Hemachudha. Detection of rabies viral
RNA from non-neural specimens of rabies infected dogs by Tagman real-time RT-

PCR. (submitted for publication) [LaN®1ILLUY 6]
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Patient No. Patient 1 Patient 2 Patient 3 Patient 4 Patient 5 Patient 6
Year 2007 2007 2009 2009 2009 2009
Age (year) 20 50 9 24 29 34
Demographic Bangkok Bangkok Phuket Phuket Phuket Phuket
Gender Female Female Male Male Female Female
Onset of 1 hr after 30 min after 2hrs after 2 hrs after 4 hrs after 2hrs after
symptom meal meal(6 hrs meal(4 hrs meal(4 hrs meal(4 hrs meal(3hrs
(16 hrs prior prior to prior to prior to prior to prior to
to admission)  admission) admission) admission) admission) admission)
Symptoms Perioral/hands Abdominal Diarrhea, Abdominal Diarrhea, Diarrhea,
[feet pain, perioral & pain, perioral  Perioral/hands nausea,
numbness, diarrhea, tongue /legs [feet vomiting,
ataxia, vertigo, perioral numbness, numbness, numbness, abdominal
nausea & numbness, nausea & nausea, nausea, pain,
vomitting nausea & vomiting vomiting vomiting, cramping,
vomitting ,diarrhea abdominal perioral/
pain, cramping hands/feet
numbness
History of Sea bass with  Sea bass with Red Red snapper Red snapper Red snapper
food taking Chinese celery Chinese celery snapper fish curry fish curry fish curry
fish curry
Underlying No Dyslipidemia No No No No
Vital signs Normal Respiratory Hypotension Normal Hypotension Hypotension
failure
Conscious Normal Normal Normal Normal Normal Norma
Neurosigns Normal Horseness of  Not Not Not Not
(improved) voice, significant significant significant significant
quadriparesis
with normal
reflexes
CBC Normal Normal NA NA NA Leukocytosis
Electrolyte Normal Normal NA NA NA NA
Ventilator No Yes No No No No
support
Result Recover in 1 Recoverin 3 Recoverinl Recoverinl Recoverin 1 Recoverin 1

day

days

day

day

day

day
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1. Abhinbhen Saraya, Thiravat Hemachudha, Chirapol Sintunawa, Pornpun Supavonwong,

Kusuma Sawangpun, Supaluk Damrongsheaur, Supaporn Wacharapluesadee. Marine Fish

Ciguatera toxin: Case series report and survey at fish markets in Bangkok. (submitted for

preparation) [LBNRITLUY 7]

2. Chirapol Sintunawa. Epidemic Marine Fish Ciguatoxin: special appraisals on global

warming and climate changes. (submitted for preparation) [LBN&1ILHKU 8]
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Ta39n151 6 Distribution of Rabies Antigen and Inflammatory Response in Furious and

Paralytic Rabies of Canine Origin
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Shuangshoti S, Thepa N, Phukpattaranont P, Ruangvejvoracha P, Jittmittraphap A, Intarut N,
Tepsumethanon V, Wacharapluesadee S, Hemachudha T. Canine furious and paralytic
rabies: pattern differences in rabies antigen and inflammation localization in the central

nervous system (submitted for publication). [LNRITLUL 9]
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Disease Transmission. Vector Borne Zoonotic Dis. 2009 Apr 29. Lan®13llhl 11

Nopvichai C, Sanpavat A, Sawatdee R, Assanasen T, Wacharapluesadee S, Thorner
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Wacharapluesadee S, Hemachudha T. Ante- and post-mortem diagnosis of rabies
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Introduction

Rabies virus is a non-segmented negative-stranded RNA virus. It belongs to order mononegavirales,
family Rhabdoviridae, genus Lyssavirus. Rabies virus is a neurotropic virus, causing fatal neurological
disease. It infects animals mainly through bites contaminated with rabies virus containing saliva. Once
rabies virus enters the wound, it multiplies at muscle cells then travels to central nervous system
(CNS) by retrograde axonal transport.

Genome of rabies virus consists of 11,923 or 11,928 nucleotides, containing a leader
sequence at the 3’ end, followed by five monocistronic genes that encode the nucleoprotein (N),
phosphoprotein (P), matrix protein (M), glycoprotein (G) and RNA transcriptase (L). At the center of
the bullet-shaped virus particle is a core of helical RNA, ribonucleoprotein (RNP), which in turn is
surrounded by a lipid-protein envelope. RNP core consists of single-stranded genome RNA
encapsidated with nucleoprotein N, polymerase cofactor phosphoprotein P and virion-associated RNA
polymerase L. After progeny genome RNA is encapsidated to form RNP structures, M protein binds to
the RNP and condenses into the bullet-shaped structures. Then they interact with trimeric G proteins
anchored in the plasma membrane and assemble into virus particles that bud out of infected cells [1,
2].

Passage of rabies virus obtained from dog brain in heterologous cell types, such as BHK cells,
results in the selection of genotypically and phenotypically different variant from that present in
mouse-brain passage. The latter is more pathogenic for adult mice than the BHK cell passage variant
which grows faster in BHK cells [3]. Serial passages of Street-Albama-Dufferin (SAD) strain resulted
to oral vaccine strain (SAD-B19) [4].

QS05-BHK-P7 is a virus variant obtained from 7 serial passages of QS05 Thai canine street
rabies virus isolated from a rabid dog brain into baby hamster kidney cells (BHK-21). Comparison of
pathogenicity between QS05-BHK-P7 and QS05-SMB-P2, it was found that the former had increased
neurovirulence. It was able to infect adult mice by both intracerebral (IC) and peripheral intramuscular
(IM) chanllenges. Parental strain, QS05-SMB-P2, infected adult mice only by IC route.

In this study, we here reported the phenotypic differences as visualized in BHK-21 cells among
these 3 variants, QS05, QS05-SMB-P2 and QS05-BHK-P7. Greater number and larger size of viral
particles were demonstrated in the case of QS05-BHK-P7 as compared to its counterparts passaged
in neuronal cells. Results of whole genome sequencing and aligned sequences of these 3 variants
were compared. Genetic alteration located at polyadenylation signal between phosphoprotein and
matrix protein intergenic region (IGR) was demonstrated. This may emphasize the significance of IGR

noncoding region in determining neurovirulence and pathogenicity.



Materials and Methods

Viruses and cells

The rabies virus QS-05 strain was directly isolated from the brain of a Thai rabid dog. It was
amplified once in suckling mice brain (SMB) to obtain 20% brain suspension of stock seed virus. This
isolate was then passaged twice in suckling mouse brain, designated as QS-SMB P2, or 7 times in
baby hamster kidney (BHK)-21 cells, designated as QS-BHK-P7.

BHK-21 cells were maintained in Minimum Essential Medium Eagle (MEM) with 10% fetal

bovine serum.

Immunofluorescence staining
BHK-21 cells were infected with QS-05, QS-SMB-P2 or QS-BHK-P7 viruses. One day post
infection, cells were washed twice with phosphate buffer saline, acetone-fixed and stained with FITC

conjugated antibody to rabies nucleoprotein.

Viral Infection of mice

A group of five 6-week-old female mice were inoculated intracerebrally (IC) or intramuscularly
(IM). The clinical disease signs and symptoms were observed daily for at least 4 weeks, and, based
on the percentage of surviving animals in each group; the lethal dose or LD50 was calculated as
previously described.

Whole genome sequencing

Primer design
Primers were designed based on rabies virus strain 8743THA (accession number EU293121)

(Table 1).

RNA isolation and reverse transcription

Total RNA was extracted from brain suspension or cell supernatant using High Pure Viral RNA
Kit (Roche) according to manufacturer's protocol. For reverse transcription, cDNA was synthesized
using 1 ug of total RNA and 1 ul of random primer (Promega) heated at 70 °Cfor5 min, then
immediately chilled on ice for 5 min. The reaction was transferred to ImProm-IITNI Reverse
Transcription reaction tube and incubated at 25 °C for 5 min followed by 42 °C for 1 hour and 70 °C

for 15 min.



Table 1: Primers used in the whole genome sequencing

Primers
Fragment
Sequences Name Length Location as on QS05
CTA CAATGG ATG CCG AC CN1 17 66-82 (F)
1 GGA TTG AC(AG) AAG ATC TTG CTC AT CN4 23 1514-1536 (R )
TTA CTT CTC CGG TGA (GA)AC (GA)AG GAG RabPfor 24 1247-1272 (F)
? GAG G(GA)T TTT TGA GTG TCC TC(GA) TC RabPrev 23 2532-2554 (R )
TGA TCT GAA CCG TTATAC ATC CC RabM (F) 23 2381-2403 (F)
° AAA CAA AAG AGC CTG AGG AAT C RabM (R) 22 3318-3339 (R)
TCT GGT GTATCA ACATGA AC RabG1.2a 20 2998-3016 (F)
¢ GAC TTG GTG GTC ATG ATA GAC RabG1.2b 21 4236-4256 (R)
AGA CCT GTG GAT TTG TGG ACG A RabG1.5a 22 3986-4007 (F)
° GTT CAG CCT CTAACT CGATT RabG1.5b 20 5451-5470 (R)
CTG TGG AAC AGA AGG ACA AT RabL1 F 20 5356-5375 (F)
° CCT GAA CTT CTC TGC CCT CT RabL1 R 20 6341-6360 (R)
CTC CGG TTA TGA AGT CAT TAA AAT RablL2 F 24 6285-6309 (F)
! ACATCT TCT GTT GAC TCC AAC C RabL2 R 22 7289-7310 (R)
GGT TAC ATATGC CTTTCACCT G RabL3 F 22 7239-7260 (F)
° CTC TCC AAG ATC TGG ATT CC RabL3 R 20 8243-8262 (R)
ATC TGG CTG AGC TCC CAT GA RablL4 F 20 8191-8210 (F)
° CTG TAC TTA CGG AGA TAT GAG AGA G RablL4 R 25 9190-9214 (R)
CAA GTC TGC TAG ATA CAG TGA AGG RabL5 F 24 9138-9161 (F)
1 AGA TTC TAA GGT GTC CTC TCC ATG RabL5 R 24 10147-10160 (R)
GCA TGA GAA CTAACC TGC GA RabL6 F 20 10091-10110 (F)
B GCC CTCTGCATCTCACTCTT RabL6 R 20 11119-11138 (R)
GCT GTA CCT CAG ATT CTC CAA G RabL7 F 22 11010-11031 (F)
12 CAG CTA GAG GTT CTGACTTGA G RabL7 R 22 11861-11882 (R)
AGG AGT GAT CTT GTC TCC TTT CN10 21 385-365(R)
3'RACE
CGA CAA GAT TCC ATA ACT GGT CCA G RabN 334R 25 334-355 (R)
RabL
CCG TCT GAC CCC AAGATC TTG A 11389F 22 11389-11410 (F)
RabL
5'RACE
GGC ACT TCA ATA TCT GCT GCA GT 11411F 23 11411-11433 (F)
RabL11463

TGATGTCCC CAG CTT TGC AAG

F

21

11463-11483 (F)




Amplification

Polymerase chain reaction (PCR) was performed using GoFlexiTag DNA polymerase
(Promega) on GeneAmp® PCR System 9700 (Applied Biosystems). Briefly, 10 ul of cDNA was
amplified with 1x PCR buffer, 10 pmol of each primer (forward and reverse), 25 mM MgCl,, 10 mM
dNTP and 1 Unit of Tag DNA polymerase. The cycling profile was as followed; 94 °Cfor5 min, initial
denaturation, followed by 30 cycles at 94 °C for 30s, 55 °C for 30s and 72 °C for 2 min, and final
extension at 72 °C for 10 min. PCR products were confirmed by agarose gel electrophoresis and
visualized by ethidium bromide staining (under UV illumination) with 1 kb DNA marker (Fermentas).
The gels containing expected PCR products were excised and DNA was purified using QIAquick Gel

Extraction Kit (QIAGEN) according to manufacturer’s protocol.

3'and 5' untranslated region (UTR) amplification

3' and 5' end of rabies genome were amplified using 3' RACE System for Rapid Amplification
of cDNA Ends and 5' RACE System for Rapid Amplification of cDNA Ends, version 2.0 (Invitrogen),
respectively. Briefly, 1 ug of total RNA was used in first strand cDNA synthesis along with oligo(dT)-
containing adapter primer, SuperScriptTNI Il RTand reaction buffer. 2 ul of cDNA was then added to
PCR reaction containing Abridged Universal Amplification Primer (AUAP) and CN10 reverse primer.
Heminested PCR was performed using PCR product and AUAP and RabN334R (reverse primer),
cycling profile as described above.

For 5' RACE, first strand cDNA was synthesized from total RNA using RabL11389 forward
primer, gene-specific primer (GSP1), and SuperScriptWI Il RT. The RNase Mix was added to remove
mRNA template. Next, the homopolymeric tail was added to the 3'-end of cDNA using TdT and dCTP
following the separation of cDNA from unincorporated dNTPs, GSP1 and proteins by S.N.A.P Column.
The dC-tailed cDNA was amplified using AUAP and RabL11411 forward primer. Heminested PCR
was performed using PCR product and AUAP and RabL11463 forward primer, cycling profile as

described above.

Indirect sequencing (TA cloning of full-length PCR products)
The G1.2 and G1.5 PCR fragments were obtained from 1 ug of cDNA with RabG1.2a and
RabG1.2b, and RabG1.5a and RabG1.5b, respectively. The second round PCR was performed using

the combination of G1.2 and G1.5 as template with RabG1.2a and RabG1.5b primers. PCR products
were cloned into pGEM-T © easy vector system (Promega). Twenty white colonies were picked up
and the purification of plasmids was performed using Nucleospin © Plasmid (Macherey-Nagel). The

purified plasmids were sequenced.



Sequencing
Purified DNAs or plasmids were commercially sequenced (1St Base, Malaysia).

Sequence alignment and Analysis

The sequences were analyzed using Chromas, multiple sequence alignment was performed

using ClustalW. The identity of nucleotide and amino acid were performed using GENEDOC.

Results

Passages of canine street rabies virus in non-neuronal and neuronal (SMB) cells yielded in
vitro (BHK-21 infected cells) and in vivo phenotypic differences

Immunofluorescent staining of rabies viral nucleoprotein was performed 1 day post infection.
Tiny dot-like immunofluorescent staining viral particles were observed in both QS-05 and QS05-SMB-
P2 infected cells, the latter being slightly increased in numbers and size in the cytoplasm. Large viral

particles of greater number were demonstrated in QS05-BHK-P7 infected cells (Figure 1).

QS-05 > SMB-P2

Y BHK-P7

Figure 1 morphological difference under microscopy

To study whether neuronal and non-neuronal cell passaged viruses have different pathogenicity, QS-
05, SMB-P2 and BHK-P7 viruses were injected IC and IM to group of mice. The differences in
susceptibility to lethal infection among these 3 viruses were demonstrated (Figure 2). Parental QS-05
strain could cause death only by IC inoculation. This was similar in the case of neuronal-adapted
strain, QS05-SMB-P2. Increased neurovirulence was observed in non-neuronal adapted strain, QS05-
BHK-P7. Following IC or IM inoculation, BHK-P7 caused a 100% mortality rate. Virulence of BHK-P2

could not be determined due to insufficient viral amount.



Qs05 QS-SMB-F2 QS-BHK-P7

Peripheral susceptibility index

(IC LD,,/IM LD,

QS-05 10° no death(5/5) -

QS-SMB-P2 10° no death(5/5) 0.006

QS-BHK-P7 10 10°% 0.079

Figure 2 Comparison of pathogenicity

Sequence organization of whole genome

Three viral strains, QS-05, QS-SMB-P2 and QS-BHK-P7, were subjected to whole genome
sequencing. All three strains of rabies viruses were 11,923 base pairs consisting of five coding
regions, nucleoprotein 71-1423, phosphoprotein 1515-2408, matrix protein 2496-3104, glycoprotein
3316-4896 and RNA-dependent RNA polymerase 5407-11793. The first 58 base pairs were 3'
untranslated region (UTR) or leader and the last 70 base pairs were 5'UTR or trailer sequences.
Intergenic region (IGR)s located at each gene junction were 2, 5, 5, 24 base pairs, respectively.

As shown in Table 2, we found that there were 2 nucleotides changes in nucleoprotein, one
silent mutation, 898C>T, and one missense mutation, 994G>C which caused amino acid substitution,
A332P (alanine to proline), in QS-SMB-P2 comparing to QS-05 and QS-BHK-P7. The identity of
nucleotide and amino acid was 99% (data not shown). There was no mutation among these three
strains in P and M genes. We found 2 missense mutations, located both in the ectodomain of
glycoprotein in QS-BHK-P7, causing 2 amino acid substitutions, S23R (serine to arginine) and H424P

(histidine to proline). The identity of QS-BHK-P7 at nucleotide and amino acid levels was 99% as



compared to other two strains (data not shown). One missense mutation, 6352A>G resulted in K316E
(lysine to glutamate), and two silent mutations, 6351G>A and 6354G>A, were observed in QS-SMB-
P2 of RNA-dependent RNA polymerase (L gene). One missense mutation, 10537A>G resulted in
11711V (isoleucine to valine), and silent mutation, 9189C>T, were found in QS-BHK-P7. Gene
junctions of QS-05 and QS05-SMB-P2 were identical. One point mutation, 2475A>G, located at non-
coding region between P and M genes of QS-BHK-P7. This mutation lay at the 7th adenine residue of
polyadenylation sequence. The identity of nucleotides between all 3 strains and 8743THA, Thai street

strain, was 98%. No mutation was found in leader and trailer sequences.

Table 2 Nucleotide and amino acid changes of SMB-P2 and BHK-P7 in comparison to QS05

Nucleotide Amino acid
Position Amino acid Gene
SMB-P2 BHK-P7 SMB-P2 BHK-P7
1-70 Leader - - - -
898C>T
71-1423 450 N - -
994G>C A332P
1424-1514 inter N-P - - - -
1515-2408 297 P - - - -
2509-2495 inter P-M - 2475A>G - -
2496-3104 202 M - - - -
3105-3315 inter M-G - - - -
3441T>G S23R
3316-4890 524 G - -
4643A>C H424P
4891-5406 pseudogene - - - -
6351G>A 9189C>T
5407-11793 2128 L 6352A>G 10537A>G K316E 1711V
6354G>A
11794-11923 Trailer - - - -

Genetic diversity of glycoprotein gene

To determine whether the amino acid substitution at positions 23 and 424 of G protein was the
result of viral quasispecies or the adaptation to the new environment, indirect sequencing of QS-05
and QS-BHK-P7 clones of G gene was performed. In QS-05, all 20 clones were identical in
nucleotide sequences with no amino acid substitution at positions 23 and 424. All 20 clones of QS-
BHK-P7, had amino acid substitution, S23R, located at the ectodomain of rabies glycoprotein. This

amino acid substitution at position 23 of glycoprotein could also be found in mouse brain-adapted




rabies virus, challenge virus standard (CVS)-24, that had been passaged in BHK-21 cells (CVS-B2c).
Therefore, this substitution might represent the adaptation in non-neuronal cells. We found H424P
(histidine to proline) substitution in 19 out of 20 clones of BHK-P7. One clone had proline at position

424 as in QS-05 and QS-SMB-P2.



Discussion

We showed here that adaptation of dog virus variant in non-neuronal cell line resulted in
morphologic appearance of viral particles as examined by fluorescent antibody staining of infected
BHK cells. Viral particles (QS05-BHK-P7) in cytoplasm appeared larger in size and increased in
number; this became obvious by 7th passage. Further, QS05-BHK-P7 was able to cause mortality in
adult mice by both IC and peripheral IM challenges whereas parental strain QS05 as well as its
neuronal adapted strain, QS-SMB-P2 could only by IC route.

Such finding was intriguing since rabies viral pathogenicity usually became attenuated
following passages in non-neuronal cell. These included SAD-B19 (oral vaccine strain) [passages of
SAD (Street-Albama-Dufferin) strain in BHK cells] [4], CVS-B2c (CVS-N2c in non-neuronal cells, BHK-
21 cells) [3]. The latter contained S23R mutation in glycoprotein gene; with higher replication rate than
parental strain. CVS-B2c was less neurotropic both in vitro and in vivo comparing to CVS-N2c.
Nishigahara stain was derived from the original Pasteur stain before 1915, had divergence at
noncoding pseudogene region [5]. It was serially passaged through several kinds of animals and cell
cultures and was used as seed strain for animal vaccine production. Non-pathogenic Ni-CE was
resulted from Nishigahara strain after passages in chicken embryo fibroblast cells [6].

Alteration of viral transcription/replication, budding and immune evasive mechanism and
spreading can affect the pathogenicity of virus [7-12]. This has been clearly demonstrated by
modification of rabies viral gene(s) by reverse genetic technique [1, 2,13]. Higher replication rate and
degree of apoptosis are inversely correlated and how well that the virus can evade immune system is
directly correlated with pathogenicity [8,14-16]. Enhancement of neuroinvasiveness following IM
inoculation has been observed after replacement of G or G and M genes of SAD-B19 with those of
silver-haired bat-associated rabies virus strain 18 (SHBRV-18) [15].

Homeostasis in rabies virus replication/transcription is balanced by interaction between N, P
and L genes. Failure to phosphorylate N resulted in the reduction of replication and transcription
[9,17]. Overexpression of L gene resulted in enhanced RNA replication and virus titer. Such
imbalanced protein expression also resulted in degree of cytopathic effect of infected cells expression
[7]. Multifunctional M protein can regulate the transcription and replication. By attenuation of M
expression, by shifting M gene to downstream L gene, lower replication level can be acheived [8]. As
previously mentioned, Ni-CE was derived from Nishigahara strain. Clear cytopathic effect in mouse
neuroblastoma cells has been clearly demonstrated after infection with Ni-CE but not with parental
Nishigahara strain infection. Matrix protein of Ni-CE stain has a single amino acid substitution at
position 95. This is a cytopathic determinant in mouse neuroblastoma cells [6]. Apoptosis also partly
plays role in this.

Budding of rabies virus occurs at plasma membrane of the host cells. This process requires
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glycoprotein and matrix protein expression. Although recombinant SAD-L16 strain (lacking of the
entire G gene) could produce a non-infectious spike-less virion, virus release was decreased by 30-
fold. M-deleted mutant has been shown to increase G expression at infected-cell surface with a
drastic decrease in infectious virion [18].

Evasion of host immune response is one of the important characteristic of pathogenic rabies
virus. This is influenced by both glycoprotein expression and sequence. An inverse relationship
between pathogenicity and the amount of glycoprotein produced in infected cells has been
documented. Comparing to the pathogenic SHBRYV strain, the attenuated rabies virus strain,
laboratory-adapted virus B2c, expressed higher glycoprotein level and triggered greater immune
response [14]. A reshuffled Evelyn-Rokitnicki-Abelseth (ERA) rabies virus with the G gene switched
with the M gene (N-P-G-M-L versus N-P-M-G-L of parental strain) conferred higher G expression
according to the transcription gradient mechanism and resulted in less virulent phenotype comparing
to parental strain [19].

Expression level of the G gene is not sufficient in attenuating pathogenicity [20, 21].
Sequences within the G gene also play role in determining the virulence of the virus. Recombinant
nonpathogenic live rabies virus vaccine which has two G genes with Arg333Glu is able to control
Asn194Lys mutation. Mutation at position 194 is associated with a reversion to the pathogenic
phenotype [20]. Recombinant viruses with glycoprotein sequence unaltered from highly pathogenic
wild type parental strain but with 2-3 folds more of the glycoprotein expression remain pathogenic
[21].

Recently, ERA strain of rabies virus has been demonstrated to encode a carboxyl-terminal
PDZ domain-binding motif within cytoplasmic domain of G gene that interacts with cellular PDZ
proteins; serine-threonine kinases, MAST1 and MAST2 [16, 22]. These cellular protein targets control
neuronal survival which promotes spreading and virulence of rabies virus. Only single amino acid
change in this domain triggered apoptotic death of infected neurons resulted to attenuation of rabies
virus. However, the difference in the degree of pathogenicity between QS-05 and QS05-BHK-P7
strains should not be explained by alteration of functional cellular PDZ proteins, since both of them
share identical sequences of cytoplasmic G domain.

Both mutations at G gene ectodomain should not be responsible for an increased
neurovirulence of QS05-BHK-P7. Amino acid substitution located at position 23 of glycoprotein gene
has already been shown to be the non-neuronal adaptation marker of CVS-adapted strain, CVS-B2C,
with attenuated pathogenicity [3]. This finding was consistent with the indirect sequencing result of all
20 colonies of QS05-BHK-P7 that possessed S23R mutation. Owing to the lack of supporting study,

the impact of the aother mutation, H424P, on pathogenicity is still unknown.
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The mutations in L gene are intriguing. D1671V mutation within domain VI and G1481R
between domains V and VI of vesicular stomatitis virus (VSV) L protein inhibited viral mMRNA cap
methylation and further reduced transcription and replication in vitro [23,24]. In the case of Sendai
virus, alanine substitution at charged residues in conserved domain Ill affected viral protein stability
and might attenuate pathogenicity [25]. Abrogation of polymerase activity in rabies virus was
accomplished by altering the GDN motif in motif C [26]. However, replacement of L gene of
pathogenic strain, SHBRV-18, with vaccine strain, SAD-B19, did not alter pathogenicity of the
recombinant virus [27]. Besides, one amino acid substitution in L gene which was found following 4th
passage of SAD-B19 strain in foxes did not affect the virulence in vivo [28]. Thus, the importance of
synonymous and nonsynonymous mutations in polymerase (L) gene of QS05-BHK-P7 (both of which
not residing in 6 documented functional domains) on virulence is still inconclusive.

Non-coding sequences located between coding gene regions or IGR has been reported to
play role in viral pathogenicity and gene expression. Transcription gradient occurs as a result of the
dissociation of polymerase complex when it reaches transcription stop signal between each gene
junction in rabies [29]. Re-initiation of downstream gene transcription, therefore, is lower than the
predecessor at approximately 30%. The IGR length has impact on rabies gene expression.
Overexpression of polymerase gene was achieved by replacing G/L (24 nucleotides) with N/P (2
nucleotides) IGR [7]. Relocation of M with G gene in ERA recombinant virus resulting in increased
glycoprotein expression and attenuated phenotype [19]. This emphasized the importance of the gene
order. The sequences per se involved in viral virulence. In the case of VSV, mutation of the intergenic
dinucleotide sequences increased read-through mechanism across the P/M gene junction [30].
Deletion of conserved AUACU; sequences, polyadenylation signal of VSV, resulted in the loss of
transcription termination of upstream transcripts [31]. Seven U residues was the minimum number
required for transcription termination of upstream mRNA. The shortened or complete deletion of U7
tract or nucleotide substitution at the 7thU of U7 tract gave rise to the readthrough transcripts [32].

We hypothesize that A>G mutation at the 7thpolyadenylation sequence located between P and
M gene junction may cause the read-through mechanism with the consumption that glycoprotein of
QS05-BHK-P7 strain is well adapted to support the spread of the virus. Owing to the transcription
gradient and the read-through mechanism of polymerase across P/M IGR, we hypothesize that this
may lead to attenuation of matrix protein expression but may increase in glycoprotein expression in
QS05-BHK-P7 strain. The former should have an impact on viral budding, transcription/replication and
immune evasive strategy that overcome the effect of over-expression of glycoprotein. The precise
mechanism on how these mutations involved in the increased virulence of non-neuronal adapted

strain remains to be further elucidated.
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Abstract

Reduction of inhibitory neurons have been observed in cerebral cortex of mice
experimentally infected with rabies virus, and in some human psychiatric and
neurological diseases such as schizophrenia and epilpesy. To investigate the possible
role of inhibitory neurons in the contribution of paralytic and furious symptoms in
rabies, postmortem examination of the brain was performed in 15 rabies infected dogs
(8 furious and 7 paralytic cases). Parvalbumin-positive neurons were countered at
several brain regions, including neocortex (frontal, parietal, temporal, and occipital
lobes), caudate nucleus, thalamus and hippocampus. Significant difference in the
number of inhibitory neurons between the two clinical forms of rabies was found only
at the frontal cortex where greater number of inhibitory neurons was observed in the
furious canine. It remains to be further investigated whether or not the inhibitory

neurons in both forms of rabies carry the same rate of rabies viral infection.

Keywords: Rabies, furious rabies, paralytic rabies, inhibitory neuron, parvalbumin



Introduction

Rabies is an almost universally fatal infectious disease of the central nervous system
(CNS), caused by a neurotropic RNA virus of genotype 1 in the family
Rhabdoviridae, genus Lyssavirus [1]. The worldwide number of rabies deaths as
estimated by the World Health Organization survey in 1998 was 55,000 annually,
with the highest incidence found in Asia [2]. Based on the recent report in Thailand,
about 21 patients (0.03 per 100,000 population) die of rabies each year in Thailand
[3].

In humans and dogs, rabies can manifest either as furious or paralytic forms.
Limbic symptoms dominate the clinical picture in the former, whereas paralysis of
lower motor neuron type is the salient feature of the latter [4]. The ratio between
furious and paralytic rabies in human cases is approximately 3: 1 [5]. Furious rabies
patients tend to die faster (average within 5.7 days compared to 11 days in paralytic
form) [4]. The mechanisms contributing to the two distinct clinical forms remain
poorly understood.

CNS neurons are divided into two main subgroups, excitatory (~80%) and
inhibitory (~20%) neurons. The former uses glutamate as a key neurotransmitter
while the other uses GABA (gamma-aminobutyric acid). Reduction of inhibitory
neurons was demonstrated in the prefrontal cortex of schizophrenic brains [6, 7] and
in the temporal lobe of epilepsy [8, 9].

Studies of inhibitory neurons in rabies have been sparse, and were done only in
mice [10-12]. Significant reduction of inhibitory neurons in the cerebral cortex was
found in mice experimentally infected with rabies [10], suggesting the role of
inhibitory neurons in rabies encephalitis. Since mice do not have the 2 clinical
symptoms (furious and paralytic) as observed in human and dog, the current study
was conducted to determine whether the inhibitory neuron was affected equally or not

between the furious and paralytic rabid dogs.



Materials and Methods

Animals

15 naturally rabies-infected dogs (8 furious and 7 paralysis) were enrolled in the
study. Each animal was observed for rabies signs at the quarantine and diagnostic unit
of the Queen Saovabha Memorial Institute. The diagnosis was confirmed by
identification of rabies viral RNA in saliva by nucleic acid sequence-based
amplification (NASBA) [13]. Categorization of canine furious or paralytic rabies was
based on the following clinical features: aggression and biting behavior in furious,
and hind limb paresis with none or only mild degree of aggression in paralytic rabies

[14].

Collection of samples and tissue preparations

All brains were fixed with 10% buffered formalin. The regions studied included
neocortices (frontal, parietal, temporal, and occipital regions), caudate nucleus,
thalamus and hippocampus. One section was taken from each brain and brainstem
regions. All specimens were routinely processed and embedded in paraffin wax. Four-
micrometer-thick sections of all paraffin blocks were stained with hematoxylin and
eosin. Standard indirect immunohistochemical method was carried out by automated
stainer (Ventana Benchmark LT, Tucson, USA), using anti-parvalbumin antibody
(Abcam, Canbridge, UK, at dilution of 1: 100,000) as an inhibitory neuronal marker.

Negative control was performed by omission of the primary antibody.

Analysis of parvalbumin-positive neurons

Parvalbumin-positive neurons were viewed under a light microscope (Olympus,
BX41TF, Japan) at 400x magnification (high-power field, HPF). All positive neurons
in 10-20 consecutive HPF were manually counted. Analysis was performed blind to

the clinical data.

Statistical analysis

Number of parvalbumin-positive neurons at each brain region was compared between
the furious and paralytic groups of rabid dogs using the Mann-Whitney U test for a
two-tailed test. Statistical analyses were performed using Statistical Package for
Social Science software (SPSS wversion 17.0, SPSS Inc., Chicago, IL, USA).

Statistical significance was considered when p < 0.05.



Results

In the cerebral cortex of paralytic rabies (Table 1), parvalbumin-positive neurons were
mostly frequently found in the occipital, followed by the parietal, frontal, and
temporal cortices. In furious rabies, parvalbumin-positive neurons were most
populated also in the occipital cortex, followed by the frontal, parietal, and temporal
cortices. The midline structures (thalamus, caudate, and hippocampus) contain few
inhibitory neurons in both clinical forms. When the number of parvalbumin-positive
neurons was compared between the paralytic and furious rabies, significant difference
was observed only at the frontal cortex, 7.31 + 3.21 positive neurons per HPF for

furious and 3.95 £ 2.23 for paralytic rabies (p=0.029).

Table 1. Distribution of parvalbumin-positive neurons in various brain regions in

canine paralytic and furious rabies

Brain Regions Paralyic rabies Furious Rabies
(N=7) (N=8)
Parv-positive neurons/HPF  Parv-positive neurons/HPF

(Mean = SD) (Mean = SD) p-value
Frontal lobe 3.95+2.23 7.31+£3.21 0.029
Temporal lobe 0.79+0.78 4.02 £3.36 0.054
Parietal lobe 6.64 +3.54 6.70 = 2.69 0.955
Occipital lobe 16.06 + 6.65 16.20 +3.40 0.694
Thalamus 0.14+0.38 0.11+0.18 0.397
Hippocampus 0.13+0.16 0.05+0.53 0.536
Caudate nucleus 0.96+ 1.2 0.71 £0.78 0.955

Parv = Parvalbumin, HFP = high-power field, SD = standard deviation



Discussion

The basic mechanism of furious or paralysis symptoms in human and canine rabies
remains unknown. The observation that the same rabid dog transmitted paralytic
rabies to one and furious to another may suggest differential response of host [15].
Sequence analysis of glycoprotein (G), nucleoprotein and phosphoprotein genes of
rabies virus isolated from human patients and dogs with furious and paralysis did not
show any specific pattern [16]. Study of genetic diversity of the G gene of rabies virus
within a single rabies infected dog by comparing the cloned sequences in the virus
population showed closely related heterogeneous populations with minor substitutions

at nucleotide and amino acid levels [17].

Although previous magnetic resonance imaging (MRI) studies in human rabies
patients revealed no differences between both clinical forms [18], our recent study in
canine rabies at the early stage of disease has shown otherwise [19]. Abnormal lesion
localization was similar in both clinical forms at the inferomedial temporal lobes,
hippocampi, hypothalami, brainstem, and upper spinal cord; however, it was more
pronounced in paralytic cases particularly at the brainstem. Nevertheless, the
neuroimaging and neuropathological findings do not explain the furious or paralytic

symptoms.

Role of inhibitory neurons in rabies encephalitis has been suggested by
demonstration of reduced inhibitory neurons in the cerebral cortex of mice
experimentally infected with rabies virus [10-12]. Interestingly, reduction of
inhibitory neurons was also observed in human diseases such as schizophrenia and
epilepsy [6-9]. We, therefore, hypothesized whether the reduction of inhibitory
neurons could explain the furious or paralytic symptoms in rabies. Based on our
results, significant difference was only found at the canine frontal cortex where
greater number of inhibitory neurons was observed in furious rabies. It, however,
remains to be further investigated if the inhibitory neurons show different or
comparable rate of rabies viral infection by double-labeling (rabies viral antigen and

parvalbumin) immunohistochemical study.

In conclusion, the number of inhibitory neurons is generally comparable in
canine paralytic and furious rabies, except for the frontal lobe where greater number

of inhibitory neurons was demonstrated in furious form. It remains to be investigated



whether or not the inhibitory neurons in both forms of rabies carry the same rate of

rabies infection.
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ABSTRACT

Paralytic and furious forms are unique clinical entities of rabies in humans and dogs.
However, molecular mechanisms underlying these disorders remained unclear. We
investigated changes in proteomes of hippocampus, brainstem and spinal cord of paralytic
and furious dogs naturally infected with rabies compared to non-infected controls. Proteins
were extracted from these tissues and analyzed by two-dimensional gel electrophoresis (2-
DE) (n=6 gels/region in each group, a total of 54 gels were analyzed). From >1,000 protein
spots visualized in each gel, spot matching, quantitative intensity analysis and ANOVA with
Tukey’s post-hoc multiple comparisons revealed 32, 49 and 67 protein spots that were
differentially expressed among the three clinical groups in hippocampus, brainstem and
spinal cord, respectively. These proteins were then identified by quadrupole time-of-flight
mass spectrometry and tandem mass spectrometry (Q-TOF MS and MS/MS), including anti-
oxidants, apoptosis-related proteins, cytoskeletal proteins, heat shock proteins/chaperones,
immune regulatory proteins, metabolic enzymes, neuron-specific proteins,
transcription/translation regulators, ubiquitination/proteasome-related proteins, vesicular
transport proteins, and hypothetical proteins. Among these, 13, 17 and 41 proteins in
hippocampus, brainstem and spinal cord, respectively, significantly differed between
paralytic and furious forms, and thus may potentially be biomarkers to differentiate these two
distinct forms of rabies. In summary, we report herein for the first time a large dataset of
changes in proteomes of hippocampus, brainstem and spinal cord in dogs naturally infected
with rabies. These data will be useful for better understanding of molecular mechanisms of

rabies and for differentiation of its paralytic and furious forms.



INTRODUCTION

Rabies remains an important public health problem in some regions as the fatal
outcome is expected to almost all cases once symptoms and signs develop. Only three
survivors with no or non-significant complications have been reported, all of which were
associated with bat variants.'> Comparing between dog- and bat-related rabies, patients who
are associated with dog variants exhibit more unique clinical manifestations, including
paralytic and furious forms. Also, lesser degree of immune response to rabies virus has been
shown in dog-associated cases.* None of the patients with dog-associated rabies in Thailand,
Cambodia and Africa had positive test for rabies antibody in cerebrospinal fluid (CSF).>
Additionally, the detection of antibody against rabies virus in serum is also unpredictable in
dog-associated cases. In contrast, CSF and serum levels of anti-rabies antibody appear to be
correlated with duration of survival in bat-associated cases.’

Comparing the two unique forms of rabies, different anatomical involvements of the
nervous system have been shown in patients with paralytic versus furious rabies. In paralytic
form, peripheral nerve axonopathy or myelinopathy, not the defect of motor neuron in spinal
cord, is responsible for muscle weakness.® In furious form, although anterior horn cells of
spinal cord are affected, clinical deficits from these defective cells are not found and their
defects can be detected only by electrophysiological investigations.® Innate immune response
in the brain of paralytic dogs have been detected with greater degree as compared to that of
furious dogs, and is inversely correlated with viral amount in the brain.’ Also, disturbance of
magnetic resonance imaging (MRI) signals of the brain in paralytic is greater than that of
furious rabies-infected patients and dogs.” The faster time to death is another characteristic of
furious rabies. Despite dissimilarity of clinical manifestations, imaging features, clinical
courses and the amount of viral load in the brain, they share similar pathologies of the central

nervous system (CNS), including scant inflammation.*™'°



Lack of apoptosis in the CNS has been shown to be a marker for virulence of wild-
type or street rabies virus in order to escape immune recognition and to facilitate spreading.“'
' In contrast, fixed virus, such as the challenged virus standard (CVS) strain, induces marked
degree of apoptosis in the infected neurons.'”?° Intriguingly, neurons of different regions
display diverse degrees of resistance to cell death. It has been demonstrated that motor
neurons of spinal cord resist to apoptosis and cytolysis, and remain functioning several days
after CV'S infection.”' However, hippocampal neurons become apoptotic shortly after the
infection.?! Midline CNS structures, i.e. thalamus, brainstem, basal ganglia and spinal cord,
have been shown to be preferentially infected with rabies in both humans and dogs.”'**
Therefore, the survival of neurons may depend not only on the viral strain but also on
differential site-specific responses.

Despite the aforementioned knowledge on rabies, its molecular mechanisms remained
unclear. We therefore performed a proteomic study of three regions of the CNS, including
hippocampus, brainstem and spinal cord, of dogs naturally infected with rabies. Proteins were
extracted from CNS tissues obtained from paralytic and furious dogs and then subjected to
proteomic analysis using two-dimensional gel electrophoresis (2-DE) compared to the non-

infected controls.



MATERIALS AND METHODS

Sample collection

The CNS tissues were taken from rabies-infected paralytic (n = 3) and furious (n = 3)
dogs, as well as non-infected controls (n = 6). Each animal was observed at the Quarantine
and Rabies Diagnostic Unit of the Queen Saovabha Memorial Institute (QSMI). The animals
were suspected of having furious or paralytic rabies according to criteria previously
reported.” The animals died naturally without receiving any supportive treatment. From each
animal, three locales of the CNS tissues, including hippocampus, brainstem (midbrain, pons

and medulla) and spinal cord were taken and were saved at -70°C until used.

Immunoperoxidase staining of rabies antigen

The diagnosis of rabies was confirmed by the presence of rabies antigen in the CNS
tissues. Paraffin-embedded sections of formalin-fixed tissues (3-um-thick) were stained with
anti-rabies nucleocapsid polyclonal antibody (Bio-Rad; Marnes-la-Coquette, France) at a
dilution of 1:80. After rinsing with PBS, the sections were incubated with respective
secondary antibody conjugated with horseradish peroxidase in the DAKO EnVision™-
System kit (DAKO Corporation; CA) for 30 min. The slides were then washed with PBS and
incubated for 10 min with a peroxidase substrate containing 0.5 mg/ml diaminobenzidine
(Sigma; St. Louis, MO), 30% H,0O, and 1 M imidazole in Tris-HCI buffer. After rinsing by

tap water, the tissues were counterstained with hematoxylin.

Protein extraction
The tissues were briskly frozen in liquid nitrogen, ground to powder, resuspended in a
buffer containing 7 M urea, 2 M thiourea, 4% 3-[(3-cholamidopropyl) dimethyl-ammonio]-1-

propanesulfonate (CHAPS), 120 mM dithiothreitol (DTT), 2% (v/v) ampholytes (pH 3-10)



and 40 mM Tris-base, and incubated at 4°C for 30 min. Unsolubilized nuclei, cell debris, and
particulate matters were removed by a centrifugation at 10,000 rpm, 4°C for 5 min. Protein

concentrations were determined by the Bradford method using Bio-Rad protein assay (Bio-

Rad Laboratories; Hercules, CA).

Two-dimensional gel electrophoresis (2-DE)

For the controlled group, each gel was derived from each sample (n = 6 gels/region).
For the paralytic and furious groups, duplicated 2-D gels were derived from each sample to
have 6 gels/region in each group. Overall, a total of 54 gels were analyzed in this study. For
each 2-D gel, Immobiline DryStrip (non linear pH gradient of 3-10, 7 cm long; GE
Healthcare, Uppsala, Sweden) was rehydrated overnight with an equal amount of 150 pg total
protein that was premixed with a rehydration buffer containing 7 M urea, 2 M thiourea, 2%
CHAPS, 2% (v/v) ampholytes (pH 3-10), 120 mM DTT, 40 mM Tris-base, and bromophenol
blue (to make the final volume of 150 pl per strip). The first dimensional separation or
isoelectric focusing (IEF) was performed in Ettan IPGphor III System (GE Healthcare) at
20°C, using a stepwise mode to reach 9,083 Vh with limiting current of 50 mA/ strip. After
completion of the IEF, the strips were first equilibrated for 15 min in an equilibration buffer
containing 6 M urea, 130 mM DTT, 112 mM Tris-base, 4% SDS, 30% glycerol and 0.002%
bromophenol blue, and then in another similar buffer that replaced DTT with 135 mM
iodoacetamide, for further 15 min. The second dimensional separation was performed in 12%
polyacrylamide gel using SE260 Mini-Vertical Electrophoresis Unit (GE Healthcare) at 150V
for approximately 2 h. The resolved protein spots were stained with SYPRO Ruby
fluorescence dye (Invitrogen/Molecular Probes; Eugene, OR) overnight and then visualized

using Typhoon 9200 laser scanner (GE Healthcare).



Spot matching and quantitative intensity analysis

Image Master 2D Platinum software (GE Healthcare) was used for matching and
analysis of protein spots in 2-D gels. Parameters used for spot detection were (i) minimal area
= 10 pixels; (i1) smooth factor = 2.0; and (ii1) saliency = 2.0. A reference gel was created
from an artificial gel combining all of the spots presenting in different gels into one image.
The reference gel was then used for determination of existence and difference of protein
expression between gels. Background subtraction was performed and the intensity volume of
each spot was normalized with total intensity volume (summation of the intensity volumes

obtained from all spots within the same 2-D gel).

Statistical analysis

All the quantitative data are reported as mean = SEM. Intensity volumes of individual
spots matched across different gels were compared among groups by multiple comparisons
using one-way analysis of variance (ANOVA) with Tukey’s post-hoc test (SPSS; version
13.0). P values less than 0.05 were considered as statistical significant. Significantly differed
protein spots were subjected to in-gel tryptic digestion and identification by mass

spectrometry.

In-gel tryptic digestion

All the protein spots whose intensity levels significantly differed among groups were
excised from 2-D gels, washed twice with 200 pl of 50% acetonitrile (ACN)/25 mM
NH4HCOj; buffer (pH 8.0) at room temperature for 15 min, and then washed once with 200 pl
of 100% ACN. After washing, the solvent was removed, and the gel pieces were dried by a
SpeedVac concentrator (Savant; Holbrook, NY) and rehydrated with 10 pl of 1% (w/v)

trypsin (Promega; Madison, WI) in 25 mM NH4HCOs. After rehydration, the gel pieces were



crushed and incubated at 37°C for at least 16 h. Peptides were subsequently extracted twice
with 50 pl of 50% ACN/5% trifluoroacetic acid (TFA); the extracted solutions were then
combined and dried with the SpeedVac concentrator. The peptide pellets were resuspended
with 10 pl of 0.1% TFA and purified using ZipTipcis (Millipore; Bedford, MA). The peptide
solution was drawn up and down in the ZipTipcs ten times and then washed with 10 pl of
0.1% formic acid by drawing up and expelling the washing solution three times. The peptides

were finally eluted with 5 pl of 75% ACN/0.1% formic acid.

Protein identification by Q-TOF MS and MS/MS analyses

The trypsinized samples were premixed 1:1 with the matrix solution containing 5
mg/ml a-cyano-4-hydroxycinnamic acid (CHCA) in 50% ACN, 0.1% (v/v) TFA and 2%
(w/v) ammonium citrate, and deposited onto the 96-well MALDI target plate. The samples
were analyzed by Q-TOF Ultima™ mass spectrometer (Micromass; Manchester, UK), which
was fully automated with predefined probe motion pattern and the peak intensity threshold
for switching over from MS survey scanning to MS/MS, and from one MS/MS to another.
Within each sample well, parent ions that met the predefined criteria (any peak within the m/z
800 — 3,000 range with intensity above 10 count * include/exclude list) were selected for CID
MS/MS using argon as the collision gas and a mass dependent £+ 5 V rolling collision energy
until the end of the probe pattern was reached. The MS and MS/MS data were extracted and
outputted as the searchable .zxt and .pkl files, respectively, for independent searches using the
MASCOT search engine (http://www.matrixscience.com), assuming that peptides were
monoisotopic. Fixed modification was carbamidomethylation at cysteine residues, whereas
variable modification was oxidation at methionine residues. Only one missed trypsin
cleavage was allowed, and peptide mass tolerances of 100 and 50 ppm were allowed for

peptide mass fingerprinting and MS/MS ions search, respectively.



RESULTS

We investigated changes in tissue proteomes of hippocampus, brainstem and spinal
cord of paralytic (n = 3) and furious (n = 3) dogs naturally infected with rabies compared to
the non-infected controls (n = 6). Rabies infection was confirmed in paralytic and furious
dogs by positive immunoperoxidase staining of rabies nucleocapsid protein in their CNS
tissues (as illustrated in brown in Figure 1). Proteins were extracted from these tissues and
analyzed by 2-DE (n = 6 gels/region for each group, with or without replication of individual
samples; a total of 54 gels were analyzed). From >1,000 protein spots visualized in each gel,
spot matching, quantitative intensity analysis and ANOVA with Tukey’s post-hoc multiple
comparisons revealed 32, 49 and 67 protein spots that were differentially expressed among
the three clinical groups in hippocampus (Figure 2), brainstem (Figure 3) and spinal cord
(Figure 4), respectively. These differentially expressed proteins were then identified by Q-
TOF MS and/or MS/MS analyses. There mass spectrometric data (identities, identification
scores, sequence coverage, number of matched peptides, isoelectric point or pl, molecular
weight or MW, etc.), quantitative intensity data, and p values obtained from ANOVA as well
as Tukey’s post-hoc multiple comparisons are summarized in Supplementary Tables S1-S3,
respectively.

These identified proteins were classified into 11 main categories, namely anti-
oxidants, apoptosis-related proteins, cytoskeletal proteins, heat shock proteins/chaperones,
immune regulatory proteins, metabolic enzymes, neuron-specific proteins,
transcription/translation regulators, ubiquitination/proteasome-related proteins, vesicular
transport proteins, and hypothetical proteins (Figure 5). Among these, the top three of most
changes (in term of number of differentially expressed proteins in each functional category)
were metabolic enzymes (32%), vesicular transport (20%) and cytoskeletal proteins (15%),

respectively (Figure 5). Some proteins were identified as more than one form of the same
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protein. For example, annexin A2 was identified from spots #1215 and #1408 derived from
spinal cord with a slight difference of their molecular masses in the 2-D proteome map (spot
#1215 had a slightly greater molecular mass) (Figure 4). Similarly, annexin A6 was
identified from both hippocampus (spot #258) and brainstem (spot #246) with a slight
difference of their molecular masses in the 2-D proteome map (spot #258 had a slightly
greater molecular mass) (Figures 2 and 3). These were most likely due to post translational
modifications (PTMs) or cleavage that could alter molecular masses, isoelectric points and

cellular function of different forms of the same protein.”
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DISCUSSION

Natural infection of rabies virus in dog is an ideal animal model for studying the
pathogenesis of rabies.” Paralytic and furious manifestations can be found in rabies-infected
dogs, resembling those of humans. Our results indicate that paralytic and furious rabies had a
marked degree of alterations in their proteome profiles of three different locales of the CNS,
including hippocampus, brainstem and spinal cord, as compared to the non-infected controls.
The differentially expressed proteins were involved in many biological processes in response
to stress and to the process of rabies viral infection (Figure 5).

Among 11 main functional categories of significantly altered proteins affected by
rabies, some functional groups drew our attention as they might be directed to better
understanding of the molecular mechanisms of rabies (both paralytic and furious forms).
These included: (i) anti-oxidants, (ii) apoptosis-related proteins; (iii) cytoskeletal proteins;
(iv) heat shock proteins/chaperones; (v) immune regulatory proteins; and (vi) neuron-specific
proteins (Table 1). Functional significance and potential roles of these proteins are
highlighted as follows.

2426 Jackson and

(i) Anti-oxidants: Oxidative stress has been reported in rabies.
colleagues®’ have demonstrated that rabies virus infection in cultured DRG neurons derived
from adult mice caused axonal injury through oxidative stress. Protective proteins (i.e. anti-
oxidants) have been shown to be up-regulated to counteract the oxidative stress induced by
rabies infection.”® In vivo, oxidative stress may explain previous observations of the neuronal
degeneration processes in the study of transgenic mice.” In our present study, we found both
up- and down-regulations of anti-oxidants in brainstem and spinal cord of paralytic dogs, and

down-regulation of one antioxidant protein in the spinal cord of furious dogs (Table 1).

These data implicate that the disease process might be at the later stage than anti-oxidants
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could handle to protect the CNS from oxidative stress (i.e. irreversible deterioration stage).
Analysis of the brains at an earlier stage will be helpful to address this hypothesis.

(ii) Apoptosis-related proteins: Even with severe clinical entities of both paralytic
and furious dogs, there were only 1-2 apoptosis-related proteins that were significantly
altered in each region of the CNS, including two forms of annexin A2, two forms of annexin
A6, and cytochrome P450 2B12 (CYPIIB12) (Table 1). These data were consistent with
previous findings, demonstrating that apoptosis was almost undetectable in wild-type rabies
virus infection.''"? Interestingly, one form of annexin A2 (spot #1215; full-length) was up-
regulated in spinal cord of paralytic dogs, whereas another form (spot #1408; cleavage or
fragmented) was down-regulated in spinal cord of furious dogs. Similarly, one form of
annexin A6 (spot #258; full-length) was up-regulated in hippocampus of furious dogs,
whereas another form (spot #246; cleavage or fragmented) was down-regulated in brainstem
of furious dogs. These disparate results underscore the important role of PTMs and/or
cleavage on the functional roles of differential forms of the same protein.*

(iii) Cytoskeletal proteins: Most of cytoskeletal proteins were down-regulated in the
CNS of paralytic and furious dogs (Table 1). The decreased amount of cytoskeletal proteins
is likely the result of CNS damage by rabies virus infection. These data were consistent with
those reported in our previous studies on magnetic resonance imaging of the brains of furious
and paralytic dogs during an early stage, which showed tract integrity and macro-structural
damage in brainstem of paralytic rabies and in cerebral cortex of furious rabies.’' This
process undoubtedly led the animals to further stage with widespread extent of CNS damage,
thereby coma and death. In contrast, two forms of glial fibrillary acidic protein (GFAP),
tubulin alpha-1 isoform 9, vinculin and xin actin-binding repeat containing 2 isoform 1 were
up-regulated. These increases might be due to reorganization of cytoskeletal assembly in the

CNS as a part of host response to the CNS infection. However, as there were much fewer up-



13

regulated proteins, this compensatory mechanism failed to cope with the deterioration of
CNS damage by rabies virus.

(iv) Heat shock proteins/chaperones: Heat shock proteins or chaperones play
important roles in cellular stress responses, protein folding (to ensure the proper protein
conformation), and presentation of antigens for the immune system.>*** In rabies, heat shock
proteins, especially heat shock protein 70 kDa (Hsp70), are known as the functional
molecules for replication found in Negri body, working in concert with Toll-like receptor 3
(TLR3) and ubiquitylated proteins.**° Our data showed up-regulation of Hsp70 in spinal
cord of paralytic dogs. In addition to Hsp70, there were many heat shock proteins or
chaperones that were significantly altered in the CNS tissues of both paralytic and furious
dogs. However, their levels were either increased or decreased (Table 1). These disparate
results might be due to the balance between deteriorated effects of virus infection and their
counter-balances as the compensatory mechanisms of host to cope with diseases/disorders.

(v) Immune regulatory proteins: There were concordant changes in immune
regulatory proteins in CNS tissues of both paralytic and furious dogs. These included up-
regulation of immunoglobulin heavy chain in brainstem of paralytic dogs and up-regulations
of interferon alpha-4 and SARMI protein in hippocampus of furious dogs (Table 1). Our
data were consistent with the previous findings indicating the involvement of innate immune
response in the brain of rabies-infected dogs.’

(vi) Neuron-specific proteins: Collapsin response mediator proteins (CRMPs) are
members of the family of cytosolic phosphoproteins. They are strongly expressed throughout
the developing nervous system.>’ CRMP-2 has been shown to bind with tubulin heterodimers
and promote microtubule assembly, thereby enhancing axonal growth and branching.®
CRMP2 can induce neuronal differentiation in hippocampal cultures.*” In addition, CRMP-2

is also expressed in immune cells and plays a crucial role in T lymphocyte migration as the
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increased expression of CRMP-2 is associated with the increase in migratory rate of
peripheral T lymphocytes.*’ Therefore, CRMP2 expression may serve as an indicator for
neuroinflamation.*' Interestingly, we found that CRMP-2 was down-regulated in spinal cord
of both paralytic and furious forms of rabies, but was up-regulated in brainstem of paralytic
dogs (Table 1). These data might be an evidence of ingression of activated T cells in the
brainstem, consistent with our observation that inflammatory T cells could be demonstrated
only in the brainstem of paralytic rabies (Shuangshoti et al., unpublished data).

In addition, we also focused our attention to significant differences between the two
forms of rabies in individual CNS tissues, as these data may lead to further identification of
tissue biomarkers for differentiation of these two distinct clinical entities of rabies and may
also facilitate understanding of factors determining clinical manifestations of rabies. All these
significant differences are summarized in Table 2. A total of 13, 17 and 41 proteins in
hippocampus, brainstem and spinal cord, respectively, significantly differed between
paralytic and furious forms, and thus may potentially be biomarkers to differentiate these two
distinct forms of rabies.

It should be noted that there is a previous proteomics study on CVS rabies virus
infection in kidney, not neuronal, cells.” In this previous study, baby hamster kidney cell line
(BHK-21) was infected with CVS rabies virus and alterations in cellular proteome were
identified by 2-DE followed by liquid chromatography (LC) coupled to MS/MS. Limited but
significant changes were found in expression of viral and host cellular proteins with different
functions, including those involved in cytoskeletal assembly, oxidative stress and protein
synthesis. Another study was done in rabies-infected mice using 2-DE followed by matrix-
assisted laser desorption/ionization time-of-flight (MALDI-TOF) MS.* In the latter study,
ICR mice were intracerebrally inoculated with attenuated CVS-B2C or wild-type silver-

haired bat rabies virus (SHBRV). Animals were sacrificed when they developed severe
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paralysis and the brains were removed. The expression of host brain proteins, particularly
those involved in ion homeostasis and docking and fusion of synaptic vesicles to presynaptic
membranes in the CNS, were altered in the animals infected with SHBRV. On the other hand,
attenuated rabies virus CVS-B2C up-regulated the expression of proteins involved in the
induction of apoptosis. Comparing the data reported in these two aforementioned studies to
ours, there were not much identical changes observed. This was not surprising as there were
many differences in the study design and models of rabies infection, as well as the affected
tissues/cells for proteome analysis. Integrative analysis of several models of rabies virus
infection at different stages and in different affected organs/tissues or their locales would be
very helpful to obtain the larger and clearer picture of pathophysiology or pathogenic
mechanisms of rabies in humans.

In summary, we report herein for the first time a large dataset of changes in proteomes
of hippocampus, brainstem and spinal cord in dogs naturally infected with rabies. These data
will be useful for better understanding of molecular mechanisms of rabies and for

differentiation of its paralytic and furious forms.
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Table 1: Some interesting changes in furious and paralytic dogs compared to non-infected

controls.
Protein name Spot NCBI ID Region Alterat.ions (vs. C.ontrol)
no. Paralytic (P) | Furious (F)
Anti-oxidants
150 kDa oxygen-regulated protein precursor (Orp150) 73 |gi|73955046 |Spinal cord 1 NS
(Hypoxia up-regulated 1)
Glutathione S-transferase Mu 3 (GSTM3-3) (GST class- | 807 [gi|57088159 |Brainstem 1 NS
mu 3) (hGSTM3-3) isoform 1
Oxygen-regulated protein 1; AltName: Full=Retinitis 157 |gi|62900882 |Spinal cord l* NS
pigmentosa RP1 protein homolog
Peroxiredoxin 1 932 |gi|4505591 Spinal cord * *
Apoptosis-related proteins
Annexin A2 1215|gi|18645167 |Spinal cord NS *
Annexin A2 1408 |gi|50950177  |Spinal cord 1 NS
Annexin A6 (Annexin VI) (Lipocortin VI) (P68) (P70) 246 |gi|73953627 |Brainstem NS 1
(Protein IlI) (Chromobindin 20) (67 kDa calelectrin)
(Calphobindin-I1) (CPB-Il) isoform 2
Annexin A6 (Annexin VI) (Lipocortin VI) (P68) (P70) 258 |gi|73953627 |Hippocampus NS 1
(Protein I1I) (Chromobindin 20) (67 kDa calelectrin)
(Calphobindin-I1) (CPB-II) isoform 2
Cytochrome P450 2B12 (CYPIIB12) 192 |gi|62639273 |Hippocampus 1* NS
Cytoskeletal proteins
Dynamin 164 |gi|181849 Hippocampus * NS
Fascin 1 366 |gi|4507115 Brainstem * NS
Glial fibrillary acidic protein, astrocyte (GFAP) isoform 1 | 459 |gi|73965500 |Spinal cord NS 1
Glial fibrillary acidic protein, astrocyte (GFAP) isoform 1 | 602 |gi|73965500 |Spinal cord NS 1
Myosin, heavy chain 2, skeletal muscle, adult 208 |gi|115947178 |Brainstem l* NS
Nebulin-related anchoring protein isoform 2 132 |gi|114632883 |Brainstem * l*
NEFM protein 1185|gi|148342538 |Spinal cord * T
Neurofilament, heavy polypeptide 200kDa 37 |gi|50979202 |(Brainstem * *
Septin-8 460 |gi|73971156 |Spinal cord * *
TUBBZ2B protein 1000 |gi|133778299 |Hippocampus NS *
Tubulin, alpha-1 isoform 9 579 |gi|73996547 |Brainstem T NS
Tubulin, alpha-2 chain (Alpha-tubulin 2) isoform 7 623 |gi|73996522 |Brainstem * NS
Vinculin (Metavinculin) 1259 (gi|73953587 |Spinal cord 1* 1*
Xin actin-binding repeat containing 2 isoform 1 1260|gi|66841385 |Spinal cord 1 NS
Heat shock proteins/chaperones
Alpha-crystallin B chain (Alpha(B)-crystallin) 960 |gi|149716488 |Spinal cord * 1™
Alpha crystallin B chain (Alpha(B)-crystallin) (Rosenthal 895 |gi|57085977 |Brainstem NS T
fiber component) (Heat-shock protein beta-5) (HspB5)
isoform 1
Alpha crystallin B chain (Alpha(B)-crystallin) (Rosenthal |1385|gi|57085977 |Spinal cord T T
fiber component) (Heat-shock protein beta-5) (HspB5)
isoform 1
DnaJ (Hsp40) homolog, subfamily C, member 15 1055gi|149050007 |Spinal cord ¥ *
(predicted), isoform CRA_b
Heat shock cognate 71 kDa protein (Heat shock 70 kDa | 327 |gi|123647 Spinal cord T NS
protein 8)
Heat shock protein 90kDa beta, member 1 96 |gi|50979166 |Brainstem 1 NS
Heat shock protein 90kDa beta, member 1 182 |gi|50979166 |Spinal cord NS *
Heat shock protein beta-1 874 |gi|50979116 |Spinal cord NS 1
Heat shock protein beta-1 1512|gi|50979116 |Spinal cord 1* NS
Immune regulatory proteins
Immunoglobulin heavy chain variable region 1023 |gi|112700066 |Brainstem T NS
Interferon alpha 4 107 |gi|18767673 |Hippocampus NS 1™
SARM1 protein 1359|gi|114325428 |Hippocampus NS 1™

Neuron-specific proteins




Dihydropyrimidinase related protein-2 (DRP-2) (CRMP-2)
isoform 6 (Turned on after division, 64 kDa protein)
(TOAD-64) (Collapsin response mediator protein 2)

Dihydropyrimidinase related protein-2 (DRP-2) (Turned
on after division, 64 kDa protein) (TOAD-64)
(Collapsin response mediator protein 2) (CRMP-2)
isoform 6

Dihydropyrimidinase related protein-2 (DRP-2) (Turned
on after division, 64 kDa protein) (TOAD-64)
(Collapsin response mediator protein 2) (CRMP-2)
isoform 4

Dihydropyrimidinase related protein-2 (DRP-2) (Turned
on after division, 64 kDa protein) (TOAD-64)
(Collapsin response mediator protein 2) (CRMP-2)
isoform 6

Dihydropyrimidinase related protein-2 (DRP-2) (Turned
on after division, 64 kDa protein) (TOAD-64)
(Collapsin response mediator protein 2) (CRMP-2)
isoform 6

364

314

373

375

382

qil73993705

qi[73993705

gil73993699

qil73993705

gil73993705

Spinal cord

Brainstem

Spinal cord

Spinal cord

Hippocampus

NS

NS

NS
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NCBI = National Center for Biotechnology Information

1 = Increased levels as compared to the control (non-infected)
| = Decreased levels as compared to the control (non-infected)
*p <0.05 vs. control
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FIGURE LEGENDS
Figure 1: Immunoperoxidase staining of rabies antigen. Hippocampus, brainstem and spinal
cord from non-infected dogs and those naturally infected with rabies (both paralytic and
furious forms) were subjected to immunohistochemical study for rabies antigen using
polyclonal antibody against rabies nucleocapsid as the primary antibody and hematoxylin as
the counterstain. Immunoreactive locales of rabies nucleocapsid are shown in brown, whereas

nuclei are illustrated in blue.

Figure 2: 2-D Proteome maps of differentially expressed proteins in hippocampus of dogs
naturally infected with rabies. Proteins that significantly differed among groups, including
non-infected control, paralytic form of rabies and furious form of rabies, are labeled with

numbers that correspond to those reported in Tables 1 and 2, and Supplementary Table S1.

Figure 3: 2-D Proteome maps of differentially expressed proteins in brainstem of dogs
naturally infected with rabies. Proteins that significantly differed among groups, including
non-infected control, paralytic form of rabies and furious form of rabies, are labeled with

numbers that correspond to those reported in Tables 1 and 2, and Supplementary Table S2.

Figure 4: 2-D Proteome maps of differentially expressed proteins in spinal cord of dogs
naturally infected with rabies. Proteins that significantly differed among groups, including
non-infected control, paralytic form of rabies and furious form of rabies, are labeled with

numbers that correspond to those reported in Tables 1 and 2, and Supplementary Table S3.

Figure 5: Summary of all differentially expressed proteins in hippocampus, brainstem and

spinal cord of dogs naturally infected with rabies. These significantly differed proteins were



