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fi
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2.1

Ce 1sus (100

(cauterization)

.1880

21

50

Pasteur

f

2l (28,29)

Aristotle (211

)

1893 Pasteur

fixed virus

street virus

Remlinger (

.1903)



2.2 2[4

2.2.1

genus Lyssavirus
Rhabdovi r idae '
] ~ o (30)
0
180x75 run.(31) genome” RNA
y 30-35 ' genome
capsomer envelope envelope
projection spike 6-7 nm.
(32)
particle ,
X y (33)
2.2.2
(RNA) 3.9
67 26 ' 3 (34)
chemical dissection (35,36,37)
?[{ 5 ' glycoprotein,
matrix protein, nucleoprotein, non-structural protein

polymerase protein
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2.2.3 ?
Glycoprotein , G protein
G protein it
78-80 kd surface projection (38)
neutralizing antibody
{ (39) G protein
G protein 'Th

n rabies-related virus

glycoprotein 3 ERA, CVS PV (40,
41, 42) 524 residues
antigenic domain " (homology) 94
" mutation

pathogenicity (43)

Matrix protein 9 M protein

M protein ,
22-25 kd 202 residues

glycoprotein nucleocapsid protein (44)



Ribonucleoprotei 1 N protei
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N protein 58-62 kd
nue leocaps id RNA
ribonucleocapsid protein ribonucleoprotein
fi (¢ complement fixing activity
neutralizing activity N protein G protein
. neutralizing antibody N
protein
N prote i $
"1 (45) N protein RNA
RNA ribonucléase

RNA genome configuration

replication (46)

transcription

nucleoprotein 3 ERA, CVS
47, 48) 450 residues
98-99
N protein
(phosphorylation) serine 389 (49)
protein

rabies-related virus

N

PV (42,

N

protein



Non structural

NS protein

L protein

RNA polymerase

replication

protein

92-98

The RNA-dependent

L protein
244 kd
L gene
(50) L

protein

RNA polymerase

L protein
vesicular stomatitis

protein Sendai virus

Paramyxoviridae

protein

14

NS protein

$ 47-55  kd \

active complex

transcription

NS protein NS

297 residues

ERA, CVS PV (46)
RNA polymerase L protein
2,142 residues
54 genome
NS protein
L protein
virus 33
L
Newcastle disease virus
(51) L
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protein unsegmented negative-strand RNA virus

L protein 4

replication (52)

transcription

2.3 Rabies virus genome size and organization

genome

4.0X106 dallon

Tordo

RNA

(42) '

RNA nucleotide 11,932 nucleotides
6 genes leader gene 5 genes N,
NS, M, G L gene gene VSV
gene L gene
56-58 nucleotides host (53)
gene N, NS, M, G L 3 I} ERA, CVS-
11 PV strain 1424, 991, 805,
1675, 6426 nucleotides ( 1) intergenic
sequence ! N-NS, NS-M, M-G G-L 2, 5 5
423 nucleotides VSV $
intergenic sequence 2 nucleotides
nucleotide GA fa CA (42, 47, 54)
8| RNA 1
transcribe translate 5 1
N, NS, M, G L (55, 56, 57)

019231*



Rabies:

3

Rabies virus RNA genome
N NS M G L

/é/ // 5 5 423 \\\

' N
GA GUCCG GAUAA GGACCCAAGL_JUUGACCG

uvi_ 1 Rabies virus genome

16



2.4

adsorption,

transcription,

59)

") adsorption,

1 host

transcription

replication

VSV
genome
parental RNA
replicate
genome

mild detergent

triphosphate, buffer

infected

translation,

fusion, penetration,

envelopment

receptor site susceptible

envelope
'y  fusion genome
penetration

translation proteins

replication

VSV

negative-strand RNA
messenger RNA

positive

3 RNA polymerase

VSV cell
envelope

salt
positive-strand RNA mMRNA

cell mMRNA 5

budding

17

replication,

(58,

cell

[

sense

free

nucleoside

5



translate
prote in (55, 56,
I 1980

transcription

Leppert

18

0 G, M, N, NS L

60)

(61) i

replication

N protein
N protein ? !
initiation site leader gene positive
strand RNA 3 replication
N protein 0 N protein
fl RNA transcribe MRNA N-mRNA
translate N protein
$ replication 2
RNA polymerase
(catalyst) 6 At RNA  (RNA
synthesis) po lyadeny lat ion 4 f
capping (62)
replication virus RNA
transcription
host

ribonucleocapsid

glycoprotein

(63)

envelope
(incorporate)
budding

focal lysis
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leader® N protein
. Q€3€99éeeéee00Q0eez(3QQ -
L-NS
enzyme
complex

Initiate synthesis of
+ strand leader RNA

A icODOOQOCQOO0QQQROQOQO0

l Tronscription

Synthesize full
Vlength + strand

»~ 00000000 000000 0300 © O N protein is ow
+

Use + strand as template
5 VSV mRNAs

. N M c

m7 m7G6  m7G m7G

3000 0 OQCTOOOOOO0QOOQO 3 Ll
\7 77 \7

V to synthesize genomes

liyi 2 transcription replication

negative stranded RNA virus



2.5

fixed virus

67)

ganglion

Molecular basis of viral pathogenesis
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i d) fi
Hh
Dean (64)
y 4 y
Schindler (65)
FAT 6 . fixed virus .
! Murphy (3, 4, 66,
plasma-membrane budding
eclipse period !
Baer (68, 69)
3
spinal ganglia dorsal root

FAT

brainstem



fl
transmission)

fl Iwasaki

retrograde fast
membrane
space

$
nerve ending
5 1)

(cell to cell
transynaptic spread 4
(70) y fixed virus

axonal transport (200-400 d o)

budding plasma

intercellular

Schneider (71) y

Kent (75) $

sensory

2)

(CNS)  3)
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4)
5)
(72)
G protein
spike receptor
site susceptible cel 1(73) "
fa molecular structure '
glycoprotein monoclonal antibodies I
epitopes physical
mapping non-pathogenic strain mutant
selection immunologic pressure mono-
clonal antibody monoclonal antibody 194-2
248-8 non-pathogenic strain neutralized
non-pathogenic strain (amino acid
substitution) 333 arginine
glutamine CVS strain arginine isoleucine
ERA strain (74)
(antigen characteristic) (biological
characteristic) (75)
arginine 333 '
pathogenic parent CVS non-

pathogenic CVS (mutant) (spread)
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inoculation site (jjn vivo) (in

vitro)

parent CVS mutant Hh y (76)

distribution

cellular necrosis

mutant Kucera (77) inoculate N2

anterior chamber ! A

parent strain I'$ CNS spread
mutant parent strain N CNS oculomotor

fiber (nerve 3), retinopetal fiber ophthalmic nerve

(nerve Vj) mutant penetrate nerve V1

V1 Torres(78)

inoculate mutant mice replicate
diffuse ? inoculate A
spread

cell to cell mutant parent strain (78)

' mouse neuroblastoma cell (c 1300 clone NA)

neuronal cell

mutant spread 7}
parent strain 3 mutant

0 333
pathogenic parent CVS mutant

fusion
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function G protein mutant parent

strain

2.6 'A

$0

mice

O 1factory bulb

Soave (79)

mice

2 (80)

embryo
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2.7 Laboratory diagnosis

' 4

Paralytic rabies

(
' (8)
4 125 /3
D virus
isolation, FAT
.1903 Alde 1chi Negri
inclusion body
é Negri  body $ Negri  body
pathognomonic 2-30 1. ,
Seller's stain Negri body
1958 Negri body
50-60 (81) FAT,
MIT, dot immunoblot, RTCIT RREID

nested PCR
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2.7.1 Fluorescent Antibody Test (FAT)

FAT , 1950 Coons Kaplan (82)
1% fluorescein isothiocyanate tissue
(83) 1973 Dean FAT
(84)
FAT ) 0

: ! fluorescein isothio-

cyanate

( fluorescence —

microscope )

Albany 1966-1970
15,000 802
804 2
FAT
(85) French National
Reference Center for Rabies FAT RTCIT
15,248
99.75 FAT false negative (86)
FAT

(human exposure)



(87)

2.7.2

MIT

7-20

2.7.3

Mouse

Inoculation Test (MIT)
1935 Webster
y Swiss albino
y
FAT 1973 (88)
FAT

street rabies virus

Dot immunoassay

28

21
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' fi 1 3 $
{ ? neutralization
' ! ?
Smith, Yager Baer(89) Rapid

Fluorescent Focus Inhibition Test (RFFIT)

24

? mouse neutraliz ation test

Heberling (90,91) dot immunoassay

dot immunoassay

(92) ?

? brainstem 100

88 FAT 2?2 MIT ?

2.7.4 Rabies Tissue Culture Infection Test (RTCIT)

MIT FAT
‘ RTCIT
48 . baby hamster kidney
cell-21 ? BHK-21 (93) RTCIT

MIT
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(decomposed sample) inhibitory substance
1987 Rudd (94)
BHK-21 neuroblastoma cell line (¢ 1300)
neuroblastoma cell line i
2 Rudd (95)
# neuroblastoma cell line # #
3
2.7.5 Rapid Rabies Enzyme Immunodiagnosis(RREID)
Perrin (96)
enzyme linked immunosorbent assay
ELISA sandwich technique I 6
FAT RREID
89.7-99.2
RREID ] FAT

FAT
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2.7.6 Nested Polymerase chain Reaction

(Nested PCR)

recombinant DNA

polymerase chain reaction

DNA /)
Mu llis 1985 (97, 98, 99) !
DNA
(specific primer) 15-30
complementary DNA
94°c
starting template 0 DNA 2
specific primers DNA

DNA

Tag DNA polymerase

! DNA 2
DNA | copy
DNA DNA
DNA PCR

! DNA

(10 1)

1)
$ Kary

nucleotide (100)

gene
DNA
!
72°c
2
20-30
2-3
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PCR
?
nue leoprotein gene
gene (conservative gene) (24)
RNA (target region) nue leoprote in
gene 4 {] viral RNA genome N-mRNA
genome RNA

RNA cDNA primers ) reverse
transcription, primer 4 TH1 complementary

3’ N gene RNA genome negative-
strand RNA primer TH2 complementary 3’ N
gene positive-strand RNA N-mRNA cDNA
? template DNA PCR

Nested PCR double PCR
(product) PCR ? gene

nested PCR specific primers, PCR buffers,



»imnr.mnrnA»Tm!> -

1 Targeted sequence *

START

H in.

wialllTiTFgnigip ~ -
Agnnmmmnniinm

CYCLE 1

CYCLE 2

irrn T ii"

EA3|| minim a
illnrml

CYCLE 3

-£03=-mmmm-
TES3
frtHTnIN.

trnT Trh

ra N m
fca nzmmmg
Fonirtilz:iMilipil ™ r

"I 5§10, Indr

\
CYAES4n

DNA Il Nested
target sequence product

first step amplification

32

PCR

$
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Taqg DNA polymerase dNTP I
Primers
Primers DNA 15-30 nucleotides
(100) DNA
complementary gene primers
n 0.1-1.0 UM, GC content
50-60, form primer dimer secondary structure
hair pin (101) ‘
Primer sequence N gene
Pasteur PV strain ( 4) primer
$ TH1 GC content 53 17
nucleotides 5’ -CTACAATGGATGCCGAC-3' (66-82) TH2
GC content 44 18 nucleotides 5’-
GAGTCACTCGAATATGTC-3' (1402-1419) primer $
TT3 GC content 58 19 nucleotides
5’ -GACATGTCCGGAAGACTGG-3' (319-337 ) TT4 GC content
55 20 nucleotides 5'-

GTATTGCCTCTCTAGGGGTG-3' (823-842)
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(Q £A

RVA e PAADLelle A e
FRRETEEEREI BT TR HETREE LR
HERA TR TR MR R AR EE & my
BT AEE T ERERRSRLETH ) BHGER ST
EHRARUGTEESRETERER ALY SR
PEEHFBRRSHIERETswnagirreamy
i 10 T 65 O & 1 6 TR0 T 8 0 4 1 8 95 16 12 G5 O 1 P 6 1 6
44 1 % O L 2 8 0 A 6 VTR AL AT TS 9 AT 1 A S TR
ERETCERRERT o BEDRERATERT G S
En P RRA SR MAE AT LAEDRRTR
BAREHTRASEREPERE L aRe T BRm
PEHEEERE R LA EE R G ERAD
sgasnsaibrrrereelasnErnedy
EARRG RS RREACREAT GO T RSB RER
PERED R RETE T EAE B s D85
B R e e B B (S R A B S o
i O A R 0 S G5 LA 00 0 B G RS T

ctacggattgtgtpuatqcatcatgaaaaaaaCt aacacccctcctttceg. ..
NmRNA— 1 L-*M1 mRNA

4 nue leot ide sequence
positive stranded DNA ltiie

virus )] PaSteur
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PCR buffer
PCR buffer 50 mv
KCi, 10 mM Tris-HCI pH 8.3 20°c Inis (102)
v KC1 50 mv

Tag DNA polymerase

Tag DNA polymerase magnesium
dependent enzyme 0 $ magnesium
ion (Mg2+) (100) ! ! 0.5-2.5 m
'l divalent ion manganese ion ! calcium ion
magnesium ion DNA !

DNA (103)
chelating agent EDTA
DNA sample ! dNTP

free magnesium ion

Tag DNA polymerase

PCR
" ! DNA 2
! DNA polymerase
DNA polymerase
! Thermus aquatieus strain YT1

(103,104) ! ! 70-80 C
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95°c 40
activity 50 (105)
Taq DNA polymerase 2
Thermus aquaticus strain YT1
2 E. coli
AmpliTag ™ Taq DNA polymerase 2
94 kd DNA
3*OH primer
DNA DNA
proof reading (106)
Tag DNA polymerase
Saiki (106)
DNA 2x10-4 nucleotide cycle
1-2.5 unit

Deoxynucleotide

Deoxynucleotide

5'-1riphosphate (dATP),

triphosphates (dNTPs)

triphosphates deoxyadenosine

deoxycytosine 5'-triphosphate

(dCTP), deoxyguanosine 5'-triphosphate (dGTP)
deoxythymidine 5'- triphosphate (dTTP)
DNA dNTPs 4
20-200 uw Inis dNTPs

non-specific amplification
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