CHAPTERIT

LITERATURE REVIEW

Classification and Morphology of Rabbies virus

Rabies virus is a rhabdovirus belonging to the family of
Rhabdoviridae. Members of the family Rhabdoviridae infect vertebrates,
insectes and plants. Five ave been established in the
Rhabdoviridae: three _gs | rhabdoviruses, namely,
Vesiculovirus, Lyssavinmse: and two genera of plant
rhabdoviruses, nameiy" v rh . and  Nucleorhabdoviruses
(Wunner et al., 1994 IV isss. comprises of four principal
serotypes which is \- s virus (VSV) Indiana,
VSV New Jersy, chz " @ 'he ephemeroviruses are
arthropod-borne rhabdg® ¢ febrile infection in cattle
and water buffalo. T#Es yberrimah virus, Adelaide
river virus (ARV) ai | virus (BEFV), the type
member of ephemero Nabdoviruses are primarily
distinguised on the of wvirus maturation.
Nucleorhabdoviruses ri \ ellow net virus (SYNV) and
the type member, potato vedgsy ) grus, mature in the nucleus of
infected cells. Le e veflo Y V) which is the type
member of the T g@fs in the cytoplasm of
infected cells (We ‘-_'-I ; =

The neuropathggenic lyssayjpuses were subdivided in four
serotypes on %ﬁﬂﬁmgfjﬁﬁn and monoclonal
antibody smdﬂm 0 its, 1984): the type
member rabies virus (sero %pel ¥ and "rabigs-related" vimses. The rabies-

related * lgﬂ)u %ﬁz}a (serotype2),
Mnkoia( ero ge (serotype4). European bat lyssaviruses

(EBL) subtype 1 and 2 were proposed to constitue serotypeS (Bouhry et
al,, 1992). Recently, the Lyssavirus was classified into six clearly distinct
genotypes according to their amino acid similarity (Bouhry et al., 1993).
Genotype 2 (Lagos bat virus) and 3 (Mokola virus) are the most
phylogenetically distant from the classical and vaccinal rabies virus of
genotype 1. Genotype 4 (Duvenhage virus) and 5 (EBLI) are closely
related to each other. Genotype 6 represented by EBL2 is the most
proximal to genotype 1.




Rabies virion particles have a bullet-shaped structure with an
average length of 180 nm and a diameter of 75 nm (Hummeler et al.,
1967). The particle, illustrated in figure 1, is hemispherical at one end and
usually planar at the other end. Each particle contains a helical
nucleocapsid which is surrounded by a lipid bilayer envelope, derived from
the plasma membrane of an infected cell. The external surface is covered
with 10 nm spike-like projection of 67-kDa glycoprotein (G) anchored in a
lipid bilayer. The envelope sheath, which consists of lipids derived from the
host cell plasma membrane, is closely associated with a second 26-kDa
matrix protein (M), located on the inner side of the virus envelope. The
space withjn the ]ipaprotein sheli &1 pied by the nuc!enc:aps.ld core. The

e nucleocapsid consists of
al proteins; the 190-kDa
(‘N) and the 38-kDa

extending from end to &85
an RNA molecule ass™™
transcriptase (L), 0T __o®
nonstructural phosp!

Propagation and Assgf i

Rabies
accomplished with 7]

ltured. This was initially
with street rabies strains
(Kissling, 1958). Ai ire lines have been used to
propagate rabies virus FogaEalions ey (BHK) cells have been
favorite host for virus gm ,_._ Flls are highly susceptible to viral
infection, making 4t ea e bavirus. in milligram quantities.

This has permittediE e aracterization, study of
its growth in vive methods. In addition,
BHK-21 cells have en wid NeeeNsT produlition of animal rabies virus
vaccines. Recently h dlplmd GEU Vero cells and pu-nﬂed chicken
embryo cells 11 d%m vaccines (Wiktor et

, 1964; N@ﬁﬂq Elm 1384 ). The chemical

compusmnn, particularly the gcarbohydrate and hp1 content can be
e A A A e
from str, ab assages in cell
culture to obtain the fixed strains. The standard fixed strains have been
known as the Louis Pasteur virus (PAS), Pastuer virus (PV), Pitman-
Moore (PM), Challenge Virus Standard (CVS), Avirulent Orsay (AvO-1),
Street Alabama Dufferin (SAD), Evelyn-Rockitnicki-Abelseth (ERA), High
Egg Passage (HEP-Flury). Most vaccines still derived from these isolates

obtained between 50 and 100 years ago. Despite the technical progress in
improving the efficiency and safety of classical or subunit vaccines, very
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Figure 1. Diawing of rab:es virus (above) and helical nucleocapsid core
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genom is tightly bounded with the ribonucleoprotein (RNP), comprise of
nucleoprotein (N), phosphoprotein (NS) and polymerase (L).

(From : Wunner et al., 1988)



little has been done to renew the strains used as seed.
Rabies Virus Genome
A. Organization of the Genome

The genome of rabies virus is a single-stranded RNA and is of
negative-sense polarity. RNA length is equivalent to 11,932 nucleotides

agree with the molecular weight estimation of 4.6x1 06 (Tordo et al., 1986;
Tordo et al., 1988; Sokol et al., 1969). Figure 2 shows the total length of
genome which contains the 3. Jeack y / ience, N, NS, M, G, and L genes,
the intergenic sequences al&s "f'L»y Pofro region. The gene order, 3'-
N.NS.M,G,L-5', definedsmmisatscrinti®=ammapping studies is the same as
that in the other rhab  cmss=ss (-lameme cod Delagneau, 1978). The
genetic informations encgg = \\ cd RNA genome of rabies

\ MesseMeer RNAs, each contains

Ar & -
virus is transcribed i . B N\
% \ @llowey et al., 1980). The

R

a 3' poly(A) tail at 1 \ S8

3’ and 5° ends of thg o~ \\: RNA has a high degree of

complementary allo®ingfi! € () ?\\}-\ We “panhandle” structure
h N

y ¥ Ko 57
(Conzelmann et al., 1400 48 1zl Q‘x '

B. Leader Sedu/fice JiA/27 \

F pzz 9
At the extreme 3' epe RS TDIEERaRLS genome lies a small stretch of

58 nucleotides whioh p e el ide gequence, UUGU- which
denotes at the begvamsarnerseneasnmemmmfic 3’ trinucleotideUCG
at position 1-3 follo\we< and in the sequence of the
other known rhabdo ~-i!‘. es (Walkel et al., 199280V etzel et al., 1994). The
Tleader RNA of rabieg agrus is simigr to that of VSV in number of

nucleotide W%}%ﬂ?ﬂ&tﬁtﬁ ordo et al., 1986;
Conzelmann , 1990). "The "leatle et transcribed into a
complementary plus-strand leatler RNA awhose functipn has not been
establisﬂﬁﬁ:ﬁﬁﬂ thaﬂ,u ﬁ}ﬁsaﬂgflﬁﬁtim of plus-
strand le@der RNA is necessary for the polymerase compl€x to reach the

start of the first gene. The presence of 3' leader region implies that events
such as the initiation of transcription and replication, the switching between
these two function and the initiation of encapsidation may take place here

(Blumberg et al., 1983; Blumberg et al., 1981).
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C. Structural Genes

Recently, the genomic information of Pasteur virus (PV) rabies
strain has been confirmed by cloning and sequencing of complete viral
genome (Tordo et al., 1986; Tordo et al., 1988). The nucleotide length of
mRNA templates is measured from the tetranucleotide UUGU at the 3' end

to the stretch of (U)7 at the end of each gene. Location and nucleotide
length of rabies mRNA sequences is shown in Table 1. The sequence
closet to the 5' end of the mRNA after the tetranucleotide AACA up to the
AUG start codon varies in both length and composition in each mRNA.
The 5' noncoding regions of thiy B B M, G, and L mRNAs are 12, 29,
15, 27 and 30 nucleotides & h' , Jy. The 3' noncoding regions of
the N, NS, M, G, and N c & 484, 75 and 19 nucleotides in
length, respectively. Eae :_,- sl long open reading frame
starting at first AUG @ \\?\\ 5 “--..._‘ p codon UAA (for N, NS,
and M) or UGA (fow®" ! he N, NS, M, G, and L
24 and 2142 amino acids

encode the structural 4 ,\ \ \
in length, respectively 4 : AmRNAs for five structural
satides in the rabies virus

proteins is derived € \

genome. The nucleoti % and G genes of the ERA

and CVS-11 strain aft i R rain (Wunner et al., 1988).

An exception has beed i find #UAEESA € e iing the G protein of HEP-
WA zemian ghcoding region which is 423

- G-L intergenic sequence in the

HEP-Flury genome lacks the

: :j gion (Morimoto et al.,
|=~'

nucleotides longer and homdfes
genome of other ik al
polyadenylating si
1989).

J.H

D. Intergemc‘Sequence

The ﬂ;:u m m-ﬂy]ﬁ m ﬂm ﬁatures from that of

VSV The mostnotable djﬁererpes of the two RNAs is the variable length

o o A ST TR e

423 nucleotides, respectwely Three short intergenic regions (N-NS, NS-
M, and M-G) are identical in the ERA, CVS-11 and PV strains of rabies
virus. However, 5% in the G-L intergenic sequences of the ERA and 18%
in the same region of the CVS-11 genome are different from the
corresponding genome of the PV strain (Wunner ef al.,1988). There are
two sequences at either end of the G-L intergenic regions, resemble to the
consensus mRNA start and stop signals. Neverthless this region cannot




RNA sequences in

Table 1. Location agdf i\
>cd P iatibleotide sequence of PV

rabies virus genome. I 0 ) St
strain (Tordo et al., 1984

(P
mRNA Nucleoti Fﬁz Length of mRNA
N A coqagr AL 4oy
NS Y] ) 99
M [[}48T-320500 il so0s
G 3291-4964 1674
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encode a peptide larger than 18 amino acids and the corresponding
transcript has never been reported. In VSV, each of the intergenic regions
contains dinucleotides, either GA or CA (Rose, 1980). A stretch of
nucleotides in the G-L intergenic region, a sixth gene encoding of a 1.2
kDa nonviral protein, has been report existing in the genome of fish
rhabdovirus (Kurath et al., 1985).

Structure and Function of Rabies Virus

Polymerase

A. RNA-dependent RN

As in other rhab TonIrases!| A-dependent RNA polymerase
in rabies virus is the lawssees® yneps # a molecular size, deduced
from the coding sequer -anﬂ'"’r 2, Qe 206 Da (Tordo et al., 1988).
The number of L proizs, grion is extremely sma]l in
comparison with that*8 e calculated number of
L protein molecules 4 )d England, 1977). The
number of L polypen JCmias S\ Wih, appears to vary among
different rabies virus®st DINTES 1 A%, -“'v-.‘\ 979). This number of L
protein molecules per #fo £ a7 M akly half the number of that
found in the VSV (Bishf (i

Muirement in RNA synthesis
both in vitre and in vivo, s thought to be responsible for a
variety of e : Rt >sis, mRNA capping,
methylation and j ;—,*“_"*“_“i;ﬁ:'_-_f ¢ (Banerjee, 1987). In
addition the L prott ﬁ_l 3 -- - phDSphorylate the NS
protein whereas the = ies L proieiii inay lack thi activity (Sanchez et al.,

1985; Tordo et al., l%ﬂ However dhe kinase activity has been found
associated witlgiHe p@rdiffadeyi m ﬂ':lﬂéi virus (Tuffereau et
al., 1985). Thg ; : ids. Two strongly
hydmphoblc domams include reﬂduas at 83 to 869 andal962 to 1980. A

relative ﬂﬁWﬁS‘%ﬂi ﬁﬂ aﬁlduc 1552 to
1634 andgis rich'in asparagine and glutamine ( oe 88). It shares

an overall 33% amino acids similarity to the VSV L protein. The conserved
amino acid stretch at the central part of the molecule is considered to be
the possible location of functional domains responsible for the catalytic
activities of the L protein (Poch et al., 1990).

Because of the |
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B. Nucleoprotein

Molecular size of N protein has been estimated by SDS-PAGE to
be 54,000 to 62,000 Da. The stoichiometric amount in a virion is
approximately as 1800 molecules (Madore and England,1977). The amino
acid sequence deduced from the N gene shows a high degree of similarity
among fixed strains: ERA, CVS and PV as illustrated in figure 3 (Wunner
et al., 1988). The N prutem of rabies virus is phosphorylated, as are those
of serveral rabies-related viruses and some fish rhabdovirus, but not the
nucleoprotien of VSV (Sakol and Clark., 1973; Sokol et al., 1974). The site
of phosphorylation is located ngar arboxy terminus (Dletzschu]d et al.,
1988). The N protein as are tightly associated with the
RNA genome in the mgete “nucture. Asssociation in the
ribonucleoprotein (RNP¥ in a molar ratio of 2:1. The
close packing of N prOt€ 8t ribonucleases and keeps
the RNA genome 1w _ transcription. Evidence
from the studies wiy protein accumulates in
infected cell, it play, tmg the switching from
monocistronic RN4 s 2 "x Slength  plus-sense  RNA
intermediate and, thergfrgff falion-almi Sistiand progeny RNA genome
(Blumberg et al., 1951 § 12 - £3). Once the nascent RNA
becomes encapsidated# AR
recognition the mRNA #Crgaeiiis transcription signal on the
genome RNA. Expenments &-fr ®\ carried out to determine the role
of N protein in rahie > is. only one invesigation,
emp]_g}'mg anti-ra% ‘_,_._.;.".;.':.;;.;;.';;;;;;;;;;;;;;_;:;;,..*'F— Y, which inhibits the
viral releasing as 12 e eocapsid accumulation
(Lafon and Lafage, 187). 1l

C NI SN YN

Molecﬂlar weight of NS proteind deternuned SDS-PAGE s

e A RN RA ﬁ%ﬂﬂ@nﬁ#ﬁ:ﬁ:ﬂfzs

amino acid sequence of the NS phosphoprotein reveals that the molecule
contains 297 residues. As shown in figure 3, comparison of the deduced
amino acid sequences of the three fixed strains shows a closer relationship
between the ERA and PV strains (98% homology) than between the ERA
and CVS strains (92% homology). Analysis of the NS protein sequence
also indicates extensive hydrophillic portions at the central region and at
the NH,-terminus (Wunner et al., 1988). The phosphorylation sites in the
NS protein of rabies virus have not been determined. There are 16 out of
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Mucleoproteln [N) (?

ERA HaM - - COOH
CVs [ | 1 I I ] 9 (2.0%)

PV [ ] |, 1 ] ] 5(1.1%)

! iy, . NS)
ERA HalN - e — e COOH
cvs I s o = L ] E 24 (B.1%)
ff_ : - "

PV R P - s (1.7%)
ERA
CVs

PV

400 500

Figure 3. Comparton of deduced amino acid sequences of rabies virus

proteins fro e E VS- ins, of.rabies virus. Vertical
lines indjcat‘a 1 d" di lhn es. The percentage of

amino acid sullistitutions is given for the CVS-11 and PV sequences.
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40 serine plus threonine residues that may provide potential
phosphorylation sites within the NHp-terminus of the molecule, where the
sites of phosphate addition have been mapped in NS protein of the VSV
(Bell and Prevec, 1985} NS protein contains one epitope localized at the
NH,-terminus that is recognized by both B and T cells (Dietzschold et al.,

1987) In rabies virus, the nonstructural phosphorylated protein interacts
with trascriptase and RNP to form the active complex that is responsible
for the transcription as well as replication of the genome RNA. Analysis of
the interaction between rabies virus N and NS protein mutants with either
C- or N-te:munal deletmns suggested that both terminal domains of' NS

known about the function sfMHEAE . The binding of NS protem to
the helical RNP structursga PN S prutem complexes in the
rabies virion, interactio™ s pr} leirag *~-=:-_ otein in active polymerase
complex in infected <t ‘ bwever, there are some
strué)mra] and stoicm®€i, \N\ e NS proteins of wviral
strains to be noted. J#0 \.» haxe been detected in CVS,
PM, and HEP stramngf: s, 10 at least two distinct

phosphorylation sta#s 4 7 ‘ \\ Séhold et al., 1979). The
studies of transcriptiogfr ! £ai oty % ation of VSV-infected cells
indicate that the active ' # 4g -;éf s v ‘-.\ of N and NS proteins in a
1:1 molar ratio (Pelusof1 38, ad | \ 380, 1988)

e :;.?-; ,_
Matri tein :
C. x Protei &

Matrix proteins of rabies

virus, 202 amino - Bl is estimated by SDS-
PAGE to be 21 {JU{} 26 Q00"DS W0l al., 1986; Wunneret al., 1988).
The central segment 9f 19 amino 3%95 1s nch in hydrophobic remdues
suggesting a {iieh Ipg ﬁmgmm und. The sequence
similarity betWgeHo\ S- 1] strains 1s less
than those of the other internal pmtems of the correspondipg strains (figure

3). Thi ﬁémm urk : mria lecules exists
without gy "THE" ded Y ﬂucnce of the
rabies M protein indicates no detectahle similarity with that of VSV,
although they appear to share funtional homology (Rayss,lgmer et al.,
1986). The M protein of VSV plays a negative role in regulatmg
endogenous viral trascnptmn (Clinton et al., 1978). Transcription inhibition
activity of M protein is located within the ﬁrst 31 N-terminal amino acid
residues (Li ef al., 1989). A major function of M protein may involve with
the interaction between the cytoplasmic portion of membrane-anchored
viral glycoprotein and the nucleocapsid, since it locates on the inner
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surface of the viral envelope. Little information has been determined so far
about its funtions in viral replication or morphogenesis.

D. Glycoprotein

The most extensively analyzed protein of rabies virus has been the
surface glycoprotein owing to its immunogenic and antigenic properties.
The polypeptide sequence deduced from nucleotide sequences reveals that
the nascent protein consists of 524 residues with molecular weight of
58,000 Da (Tordo et al., 1986 Anilionis et al., 1981; Yelverton et al.,
1983). Comparison of the p «' VY pgtures of rabies G proteins from four
different fixed strains in SISue tes following features: (1) the
antigenic domain; (2) thg! ; - domain; (3) the cytoplasmic
domain. The G protemmemsesses¥i “"-La‘___ integral membrane protein.
Insertion of such pro "'"‘“-J dtie is accomplished by two
types of sequence: th

it the amino terminus and

the stop-transfer seqyuefic /) te2 CAOL N elminus. The first 19 amino
acids predicted from b g (9 ites the hydrophobic signal
peptide. The 20th regfh Foe7sLopies\ e Nl,-terminal amino acid of

% This hydrophobic domain
ting the nascent protein
here glycosylation of the
ation, the signal sequence is
-presumbly remains in the infected

mature glycoprotein (7,
at NH,-terminus funélio,
across the RER me
protein begins. At some j

cells. The deduced _sequess '%'?r : gaphobic domain of 22 amino
acids at the u.i.:.,.m.z.m‘.-;-.-.--——-—:; ‘ due 439 and 462 that
corresponds to -y: Is e. Extending from the

TM to the COOH teli 4 " of ¥ charged and uncharged
res.ldues This hydmpbﬂhc u-ltemal ssgment possibly provides a site for

o A MV T TS

Since tHe laboratory strgins of rabigs have been pyopagated in cell

amino U bR o Y b Tl L8 YRR portore

Huwever molecular function is still retained. The divergence in amino
acids in ectodomain alters the pathogenic, antigenic or immunogenic
properties of rabies virus. One of these evidences is a single amino acid
change in avirulent (AvO) strain altering the characteristic virulence
(Coulon et al., 1983; Tuffereau et al., 1989). Replacement of arginine at
position 333 of G protein with isoleucine, glutamine or glutamic acid does
not disturb the molecular conformation by creating neither an alpha helix or
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. Cytoplasmic
T™™  domain
—

}- COOH
]

cvs-1

Kelev

PV

Figure 4. C vifed yco mtem from fixed laboratory
strain (ERA ﬁ’ 3% I% ws signal peptide (S),

antigenic dofain, transmembrane purtmn M) and cytoplasmic domain.

iisﬁm&iﬂmﬁﬁiﬁ’km A, Ao scid

antigerlc site.

(From : Wunner et al., 1988)
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a beta turn. However, the ability to kill adult mice by intracerebral
inoculation is lost. Thus the replacement of arginine by a non-charged
amino acid at position 333 usually leads to an attenuated phenotype and
vice versa. A number of field isolates (street rabies virus) has been reported
their virulence for adult mice with substitution of arginine 333
(Benmansour et al., 1992). This discrepency may be compensated by the
effects from one or both of the two accompanying substitutions at position
298 and 326 on street viruses G protein. The antigenic domain of the G
protein is responsible for both the antigenic and the immunogenic activity.
The entire region of 439 amino acids is exposed to the external surface of

neutralizing antibody. The @ Acid sequence has three possible

sites for sequence-speskmmet120Sa sattachment as illustrated in
figure 4 (Wunner et al™ o= e posil " Of N-linked sites defined by
the sequences, is aspal - cun® i "}\?:‘I's, agine-X-threonine (X refer
to any amino acids «#C o i | | i“ Akt of asparagine residue at
position 37 and 31 g8 S f TR AR \\ s, CVS, Kelev, and PV
strains, though the potgfitid £ 45 \ \‘\\‘x* X nsylated both in ERA and
CVS. The middle @ cyfyJf#n"G8 ’\‘\\ 47 is also conserved in
ERA and PV strains. #n # @ ‘ i @ D at position 247 abolishes

\ ¢ middle glycosylation site

the middle glycosylationgf ),
of the CVS shifts to o ionit!= dile to faMations that correspond the
residue 204 for residue 7 /% T g What asparagine 204 in CVS G
protein sometimes appears ated which are separated into two
bands, GI and Gil, 7 al., 1985) An extra
carbohydrate atta® u»-—---f-,--,-,sf--—;ﬁTm—-_ ‘ sparagme 158 in the
polypeptide chain® d sequence similarity
between the ectndn In portic E: S and PV indicates that
these viruses are closgly.r related The ERA is more closely related to the
PV strain (96 mm& m (91.1% similarity).
In contrast, ﬂ V'-E of rabies (ERA),
compared to that of the VSV only contaigs 20% homglogy. It must be

b pere N A R NR NELAR e e

VSV G protein (Rose et al., 1982).

= "
] E £

w

The antigenic determinants of many neutralizing-resistant rabies
virus varaints have been described on the basis of their reactivity with the
panel of anti-G monoclonal antibodies (Flamand et al., 1980; Wiktor et al.,
1980; Lafon et al., 1983). Three major antigenic sites (I, II, and III) have
been described on the glycoprotein of the ERA and CVS-11 strains and
two additional sites (IV and V) on the ERA glycoprotein. It is clear that a
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single amino acid change in physical mapping is correlated to the resistance
of virus to neutralization by antibody binding (Dietzschold et al., 1988;
Prehaud et al., 1988). The antigenic structure of site III is the largest
representation of virus-neutralizing epitopes, and therefore has the
potential for being a major binding site. Antigenic site III is represented
by at least three epitopes that consist of amino acids in close proximity
within the linear sequence and are thereby most likely continuous
determinants. One epitope locates some distance from the others in the
linear sequence and may be linked to antigenic site III by folding in native
protein molecule.

Rabies virus-infecigis £ # 2 a truncated form of the rabies
N s s in). The Gs protein (61,000

Da) lacks 58 amino "mes '~ terminus, resulting from

proteolytic cleavage @ " s ot TM region. Lack of two-
thirds of hydrophges \:“\"‘\““ the Gs protein from
aggregation in the 5 S N suosette-forming agent n-
octylglucoside. The oy | i1 }- dtein induces high levels of
virus neutralizing fibgt g g /s w \ O protein is antigenically
identical to the G progidl ff fala |* .\\ ainst lethal challenge with
rabies virus (Dietzsého difference in immunization

efficacy can be explai#t -prntein interaction as well

as protein-lipid interactoy®

Rabies Virus Membrag

The rabiesd
derived from cell mEf b -
are phospholipids utral llplds and

Schlesinger e u sohali
(4266% GFELJ |
amine, phosph d},rlchﬂlme sphmgo elin are rnost abundant
phosp eutral lipids.
The rat hﬂMﬁﬁﬂJﬁ’MﬁﬁmﬂTﬂy

Replicative Cycle of Rabies Virus

%/ bilayer lipid structure
ym the membrane matrix
ds (Blough et al., 1977,
major lipids constituent
¢. Phosphatidylethanol-

il C’ ¥
glycollpl

Life cycle of rabies virus has been studied on a limit scale due to
the virulence of the infectious particles. The knowledge of replicative cycle
of rabies virus is presumbly similar to those of VSV and others minus-
strand RNA virus such as orthomyxoviruses and paramyxoviruses. Rabies
virus particle attaches to the cell membrane mediated by the interaction of
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viral glycoprotein with receptors on the host-cell surface.
Immunofluorescence studies indicate that the rabies virus antigen
accumulates at the myotubes which is abundant with clusters of
acetylcholine receptors (Lentz et al., 1982). After the intial attachment,
virus enters the cell by receptor-mediated endocytosis as described in BHK
and CER cells (Iwasaki et al., 1973; Superti et al., 1974). The viral
genome is extruded into the cytoplasm, and replication begins. The
transcription and the replication mechanisms of rabies virus genome are
illustrated in figure 5. Upon entry into the host cell, the rabies nucleocapsid
acts as a template for the p transcription of the viral mRNAs,
producing a small uncappaiiy' ‘f// adenylated leader RNA and
monocistronic  transcripta™BE Ak ed polyadenylated mRNAs

corresponding to the fi s -tf:"" senes (Coslett et al., 1980).
Upon translation of the: -f,‘“* nucleocapsid can now act

ehwth. positive sense strand, an
e tte for the synthesis of a
cwlewly synthesized genome

as a template for sy
intermediate which
large number of th

nucleocapsid can eithgf b gogeny virions or serve as

templates for e & A AN xr.“H . so-called secondary
transcription.

The transacripfio gil-rals@aid [ *proposed for the regulation
of VSV replication (Bl i , Mggests that viral transcription
and genome replication arg 5y Junby the same viral polymerase.
Whether the vira]™ n  franSc mi 5 strand nucleocapsid
genome or replic f, Fesmememmmmwu ned according to this

model by concentrasc =" The N protein would
modulate transcripién and replication by ild ability to suppress a
termination signal on shgyminus-strang genome template which terminates
the primary 1 m m% ﬂlﬂrﬂlﬂ] f plus-strand. Since
staichiomctri | i ed for nucleocapsid
assem replication mdde of vimal RNA s esis would be
depen Z}’g %%ﬁﬂ@@ ?‘1 leader RNA
te:m:lmatltn si located us-stran len A template

would prevent minus-strand RNA synthesis under condition where there is
insufficient N protein to assembly the plus-strand RNA into nucleocapsid.

Transcription of Rabies Virus

Five distinct mRNA species have been synthesized in vitro by
detergent-disrupted rabies virion and each canbe identified by in vitro
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translation (Coslett et al., 1980; Pennica et al., 1980). The ‘in vitro
synthesized mRNAs contain features common to the typical eucaryotic
mRNA, such as a 5'-terminal cap structure (GpppA) and a 3'-polyadenylic
acid tract. The in vitro mRNA synthesis of VSV has been shown to
decrease in the order of leader RNA, N, NS, M, G and L. The unique polar
effect on transcription suggests that the polymerase most likely initiates at a
single site at the 3' end of the viral genome. Cleavage model has been
proposed to occur at specific sites on the growing nascent chain (Banerjee
et al., 1977). Five mRNA species are produced, followed by capping and
polyadenylation at the 5' ends and 3! ends of the chains, respectively. This
model lacks support mainly g #sufficient data demonstrating the
cleavage reaction or the e istent Fayvage precursor RNA in vitro.
The second model, nansewe3.0p:stt #_ has been proposed that the

initiation of RNA syn — g ’ d of the genome RNA and
synthesizes the leader P s aizyme then reinitiates on the

\{\a es by slippaged on the U
N e enzyme continues the
the er as described above

N gene to continue
residues present at ti@#ing
synthesis of NS, M, G o4

(Emerson, 1982). THfs 04 £av(it des etk : Mcentraion gradient of the
RNA species in the o ol (A N8> M> G> L.
The multiple (ind€ i Wwdtl has been proposed that

the the transcription initidtiof r’ tiple internal sites (Testa et al.,
1980). As illustrated in 7 %‘ & synthesis begins at multiple
promotor sites bu ' igonucleotides depends
on the prior transc) Preme—me——memmasmsna fhe secondary structure
of the transcribing’ < U= 1n this cascade mode of
transcription. Altho :'j this modci Dasically #tees with the stop-start
model in having transcgipts synthesized from a separate initiation event, the

itiaions sre FAGH] ’J"VI‘EIW'W BInN3

Detection of Rables Virus

%h ;]reaa ﬂzrgyi m}lraiyyf] qmds avl@ Qr detection of

rabies virus in a biological sample.
A. Histological Technique
The inflammatory lesions found in rabies are common to all viral

infections of the nervous system. Specific inclusions can be observed in the
cytoplasm of neurons and identified by histological and immunological
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technique. The Negri bodies is a compacted mass of viral nucleocapsid,
surrounded by numerous bullet-shaped viral particles budding from
intracytoplasmic membranes. Smears or impressions of fresh specimens
should be examined for Negri bodies either by Seller's stain or FA test. The
Seller’s technique should only be used when FA is not available.

1. Seller's Staining

The Negn body is stained pink with hematoxylin-eosin and red
with Mann's stain. The mze of these inclusions vanes ﬁ'om [} 24 to 27 Hm

Lagos bat and Mokola wi Wi i guishable. In addition, non—
specific inclusion could go el L healthy animals.
- >

demonstration of rabies
W Goldwasser and Kissling
!", ocedure by others. In
he y-globulin fraction can
pdiice a fluorescent conjugate.

An immuno o
antigen in infecetd bri
(1958), and adapte
principal, antibodies #6 §
be labeled with fludre

When this labeled rafe ffantiaias &8 over a smear or section
containing antigen, thg 7 omplex occurs, fixing the
fluorescent cumpcrund to th TR antigen sites. All the conjugate
constituents exceptyreagteliiEbEicada; a0 tgen be washed away. the
smear is viewed _*_—,m;;--_-:;;-'—t 3 illuminator and filters
appropriate for ?"n AT demonstrated a

sensitivity that appriiched 10076 combared wid the isolation of virus by
the intracerebral mncu]a on of mice. Since rab:es FA is rapid, simple and
extremely SET@ %mm&ﬂlm single test available
for the rapid gh potentials exist
for superior accuracy when the FA is appligd by experiegged technologists
= WA N AR
achleved ofluorescene
prucedure: has numerous applications in rabies laboratory besides direct
diagnosis on specimens of CNS. It has also been instrumental in the
evaluation of rabies pathogenesis, for example, distribution of virus in
neural tissues, and the mechanism of infection in cell culture as well as in
tissue culture isolation techniques for rabies virus. Moreover, FA is also

employed to identify and quantify rabies serum antibody and screen for
monoclonal antibody.




25

B. Animal Inoculation

Intracerebral inoculation of mice with suspect brain material is one
of the most widely used tests in the laborytory diagnosis of rabies.
According to the WHO guidelines, this test should be performed whenever
humans have been bitten by unvaccinated animals and the direct FA test
gave a negative result. The method has been proposed in 1930 by Hoyt and
Jungeblut (Kaplan, 1973). The mice for inoculation must be carefully
selected. The animals must be Dkl ed from a healthy breeding colony,
free of latent virus infection SRR 1ss mouse is the animal of choice
for rabies diagnosis, but ¢ used, since all are susceptible
to the intracerebral i 1 s virus. Incubation period
varies according between 8-15 days.
Paralyzed mice may eir  brains removed for
confirmation of the d 4 M] is recommended for
rabies diagnosis, o#€r T \ﬁ\ i (rabbit, guinea pig and
hamster) may also be i f  ale A%l able.

C. Cell Cult#fie

Rabies tissue culffire 8% )i8 presently the best technique
for street rabies virus isd at 0 ‘r ’ fique is performed instead of MI,
with the same reliabili r atmn, the direct FA that is
always performed 2% gpecimens. Several cell
lines may be used(%# S Rudd ef al., 1980), the
CER cell line (Srm z e neumblastnma cell line
(Smith et al., 1978 The supernatant of and cell suspension are
incubated in ch b inclusions are then
stained with aﬁ:ﬂ» @mg@%ﬁﬁe and viewed under

a fluorescent migroscope.

. Worlhabid SRINRAIN A

Tl'us technique was designed to provide a rapid, sensitive, and
specific test for rabies ‘diagnosis in laboratories which have difficulties in
using the direct FA test. Rabies virus antigen is incubated in the wells of
sensitized microtiter plate, resulting in the binding of rabies nucleocapsid to
the antinucleocapsid antibody which is bound to the solid phase. The bound
viral antigen is then quantified with the same antinucleocapsid antibody
conjugated to peroxidase; the color appears when the substrate is added.
The RREID has been shown to have a specificity virtually comparable to
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that of the FA test, however, their sensitivities were slightly lower that the
use of RREID instead of FA is not recommended (Bouhry et al., 1989).
The ease of technique and the possibility of reading the results with naked
eye, is particularly useful in laboratories which do not have FA and in
large-scale epidemiological surveys.

E. Detection of Rabies Genetic Materials

1. Dot Hybridization Assay

Nucleic acid hybrigiia o L/ o e for the detection of specific
nucleic acid sequences .;___ 1 appe e the diagnosis of a variety of
infectious disease. Thewmm ‘-’-- t wemewation for diagnosis of rabies
infection was first intre® D88). RNA was extracted
from brain of susps $ixed on membranes and
hybridized with ¢cDMN
Hybridized, labelled
sensitivity of the me
as 80 ng of brain RI#
purposes since they c€

LWaMio rabies gene sequence.
yotcds, by autoradiograph. The
AoMoMiebies viral RNA as little

W be used for diagnostic
A and cell culture isolation

methods. Non radio-late]! N %, since *’p_labelled probes
cannot be easily used for fougaEzsi 35 cedures as serveral days are
required for autcradwgrap "’3@ ment of the dot hybridization
technique is still reg '

[}

2 " ’

PCR is an in pigro method oi}mclem acid synthesis by which a
particular scmﬁWWM?ed It involves two
oligonucleotid o be amplified and
repeated cycles of heat denaturagion of the QNA, annealgg of the primers
to their ﬂﬁmmlﬁt%ﬁm aled primers
with Dﬁ hés strand of the
target sequence and are oriented so that the DNA synthesm by the
polymeraase proceeds across the region between the primers. Since the
products synthesized in one cycle can serve as a template in the next, the -
number of target DNA copies approximately doubles at every cycle. The
result is an exponential accumulation of the specific target fragment. PCR

amplification of rabies virus nucleic acid was firstly proposed in by Ermine
(Ermine et al., 1990). The PCR amplification of the rabies RNA for
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diagnosis of brain specimen coupled with dot-blot analysis of the amplified
products with a non-radioactive digoxigenin labelled probe performed a
perfect concordance (100%) with the three methods, FA, RTCIT and
RREID, in rabies diagnosis (Sacramento et al., 1991). In addition, the PCR
is proven to be a powerful tool for molecular epidemiology studies,
allowing analysis of highly variable genomic area of the street virus strain
without prior cell culture adaptation (Sacramento et al., 1991; Smith et al.,
1991).

During the last 30 years, significant advances have been made in
the diagnosis of rabies virus, AHeRI € logical diagnosis of Negri bodies in
infected brain has been repiicen ¥ detection of viral nucleocapsid
inclusions on brain smeskmsty 2 flucZ==su@olyclonal antibody. The FA
: v INSwee - diagnosis. In addition, viral

kaL to allow further analysis
v Blation from 5-11 days to
Siliurine neuroblastoma cell
¢ RTCIT from a simple
¢ ‘. oMosis. A method based on

dieveloped. Each of these
FA is rapid (2-3h) and
inexpensive but requiré ‘®nance of UV microscopes
and suitably trained pe P A simple, rapid (4h) and cost
effectiveness. MI i is ne1ther "‘_'s‘- sal, whereas the RTCIT is fast but

1solation by either
of etiological agent.
only 1 day, particul a4\

isolation technique t#*2
the ELISA techniqug
techniques has its me;

expensive and req lture. Dot hybridization
has great potential _—-——_—’——:—-‘ ethod does not need
sophisticated equipifs =Tloactive-labelled probes
and time consumi ,I Dot hybidiZatiohn with ndd radio-labelled probes is

less sensitivity but canbgcaupled with PCR technique for rabies dlag'ms:s

i 2, R VTN B e v
A AN IUNRIINGIAY
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