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MOLECULAR STUDY OF NUCLEPROTEIN GENE OF RABIES VIRUS
ISOLATES FROM DOG BRAINS.
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* Nigerian Institute of medical Research PM.B. 2013 Yaba-Lagos

Rabies is an endemic disease in Nigeria and it produces disease In warm-blooded animal specles. In this report, molecular techniques
have been used to study seven rabies isolates from the brain of Dogs in Lagos. Analysis of the 1400-b.p RT-PCR products ofthe N gene and the
views by sequencing and restriction endonuclease analysis enabled division of isolates into 3 types. The conclusion from the study is that RT-
PCR and restriction endonuclease analysis of the amplified products of the N gene would allow identification and differentiation of rabies virus

strains in a focation and in different parts of Nigeria.

INTRODUCTION.
Rabies is an endemic disease in Nigeria (1).

There had been an under reporting of the disease in
the country despite the awareness of its danger and
its toll on human lives (2). In the absence of
protective measures, infection with rabies virus

causes severe neurological disease and death (3).
The fluorescent antibody test (FAT) forms the basis

for routine rabies diagnosis and together with
monoclonal antibody techniques they are used for
the characterization of rabies viruses. In addition,
viral isolation either by newborn mouse intra cerebral
inoculation test or by the rabies tissue cuiture
infection test is also performed to allow further

analysis of the etiological agent.
The recent application of molecular techniques to

explore the rabies genome has permitted substantial
progress in the understanding of the molecular
structure and mechanism of virus (4,5). The rabies
virus is known to consist of a negative strand RNA
genome contained in a tight neucleocapsid
composed of the nucleoprotein (N), which is
enclosed by a bullet shaped outer capsid made up of
a glycoprotein (G) and a membrane protein (M2)

(6). The virus genome encodes a further two protelns’

L (the polymerase) and M1 (the phosphoprotein),
both of which occur in small quantities in the virus
particle where they are associated with the N protein
(7,8). Detailed study of the N protein, G, L, and M
proteins of rabies virus genome have been used to
elucidate the nature, characteristic, phylogenetic,

analysis and the epidemiology of rabies
(8.10,11,12,13,).
The N gene, the major component of the internai

nucleocapsid, is involved
In the regulation and replication of the virus (14). It

has been used to study antigenic diversity amongst
/ rables viruses (4) and to study the molecular basis of
the antigenicity and cross protection among
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serotypes (15,16,17,18).
In this paper, molecular techniques such as RT-

PCR, direct sequencing and restriction
endonuclease analysis have been used to study the

Ngene ofrabies
Virus in isolates from brain sample of nine dogs in

Lagos Nigeria. These studies also made N gene a
potentially useful gene for diagnosis and
epidemiological studies (12).

MATERIALS AND METHODS
Sources of viral brain sample:
Seven brain samples coliected from dogs

diagnosed to be positive for rabies at Nigerian
institute of medical research Lagos, Nigeria were
stored at 80 C untit used. The brain of two dogs
diagnosed as positive for rabies were also collected
from government veterinary centre in Lagos. The
sample has been stored for two years before
amplification of the virus.

Oligonucleotide primers:

The oligonucleotide primer rabN1 and rabN5 (10)
(Table2) were used successfully to amplify the
nucleoprotein (N) gene for all the nine specimens.

--The primers used for nucleotlde sequencing were

shownltable 2.

RNA extraction:
Total RNA was extracted directly from rabid brain

tissue using TRIzol method which is an acid phenol /
guanidium method described by Kamollvarin and his
group (19) thus: in a microfuge tube, 0.1gm of brain
tissue dissolved in 1mi of TRIzol reagent by vigorous
vortexing after which 0.2ml chioroform was added.
After further vortexing for 2 to 3 minutes, tubes were
spun in a microfuge centrifuge (1 x 12000g) at4 C for
15 minutes. The upper aqueous phase was removed
to a fresh tube and RNA was precipitated by the
addition of 0.6mi isopropyl alccho!l at room
temperature for 10 minutes. RNA was pelieted by

centrifugation as above for 15 minutes.
The pellet was washed in 75% ethanol and dried..



Subsequently the dried RNA pellet was dissolved in
diethylpyrocarionate (DEPC) treated sterile water.
RT-PCR:

FOR N gene PCR, primers RabN1 and
RabN5 were used. Synthesis of cDNA was primed
from 2ug of RNA using 25pmol of the positive sense
primer RabN1 in a 20ul reaction, containing 50mM
Tris HCL pH 8.3,75mM KCL, 3mM MgCL2 10mM
DTT, dNTPs at 1mM each and 200 units Moloney
murine leukaemia virus reverse transcriptases (life
technologies). After incubation at 37 C for 2 hours,
the reaction was inactivated by heating to 90 C for
Smins, cooled on ice and then centrifuged to collect
the condensate. This cDNA product was later used

as the template for PCR.
In a 200ul microfuge tube containing 14.25ul of

water, the following were added: 5ul of 10 x PCR
buffer (22.5mM MgCL2, 500mM Tris- HCL pH 9.2,
160mM (NH4) S04), 5ul of cDNA sample and 0.75ul
of expand enzyme (Bohringer Manheim). Also
added to the above mixture were the following:
1.25ul of 1I0MM dNTPs, 1.25ui of 10um &' end primer
(negative sense) and 22.5ul of water. The DNA
amplification was carried out in led lid Perkin Elmer
thermocycler. For the N gene PCR, the temperature
profile was 93 C for 10 secs, 48°C for 30 secs and
68°C for mins, then 68°C for 5 mins. PCR products
were electrophoresed through 1% agarose gels
ethidium bromide and visualised with UV
illumination.

Direct DNA sequencing:
Direct DNA sequencing of PCR products

was performed by the dideoxynucleotide chain
termination method using an fmol DNA sequencing
kit and 32P-labelied N gene directed internal primers
according to the manufacturer's specifications
(Promega). DNA sequencing comparison was
performed using IBl-Pusteli software.

Restriction Endonucleases of PCR Products.
PCR products were purified using the

Wizard PCR clean up method (Promega) prior to
analysis by restriction endonuclease digestion,

performed by standard procedures (20).
Aliquots of 3ul of each amplification mixture

were analysed after digestion by suitable restriction
enzymes on 1% agarose gel containing ethidium
bromide. The following enzymes were used for the
experiment: BstbN1, Hind 3, Accl, Sca1, Eco1091,
EcoR1, Dde1.

RESULTS
RNA Extraction
In the RNA extraction the concentration

obtained ranged from 0.4ug/ml to 2.4ug/ml. The
isolates obtained for the RT-PCR amplification were
found to vary in the level purity. This was from 90% of
sample 3 to 98% of sample 9 (Table 1). The RNA
obtained from the rabies isolates was subjected to
RT-PCR process and the DNA generated was
amplified.

Analysis of Rabies Isolates PCR Products:
Of the 9 dog brain samples that were

analysed, seven samples 3,4,56,7,8,9, that were
positive for rabies by fluorescent anti body test (FAT)
were positive by PCR technique. They all showed a
single band at the expected site of 1,400 base pairs,
when analysed in agarose gel electrophoresis. (Fig

1).
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Fig1

Samples 3,4,5.6,7,8 and 9 procuced of 1,400 b.p
Samples 1,2 and 10 produced no per products.
C = Posttive Control
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Genome Sequencing Determination and

Analysis of the PCR Products:
Initially, partial sequencing of the PCR

products of the brain samples 3,4,5,7,8 and 9 was
performed using sequencing primers Nseq. 0 to
Nseq. 5 and using Nseq.1 reverse primer. Both ends
of the DNA were sequenced and the Nseq. 1 reverse

--primer was found common to the PCR products

sequenced. The nucleotide sequence obtained
showed that there were three distinct types of rabies
virus among the samples. They were classified

‘according to their similarities in nucleotide

sequences as follows: samples 3,6,7 and 9 formed
type 1; samples 4 and 5 formed type 2 and sample 8
formed type 3, though it appeared to be related to
sample 4 and 5, but it was sufficiently distinct to be
classified separately. One sample from each group
was selected for N gene open reading frame
sequencing using the additional primers detailed in
Table 2. The sampies selected were sampie 3 for
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type 1, sample 5 fortype 2 and sample 8 fortype 3.
In comparative analysis of sample 3 using

IBI-Pustell software, samples 5 and 8 exhibited
86.3% and 85% sequence similarly respectively.
However, sequence of samples 5 and 8 were 94.1%

similarto each other.
The nucleotide sequences for these isolates

are compared in Fig 2; positions of useful restriction
endonuclease sites are also indicated.

Restricted Endonuclease Analysis:
From the nucleotide sequence analysis of

each isolate using the |BI-Pustell software, a detailed
resftriction endonuclease site maps were determined
for each sequence (Fig 2). The PCR products of the
isolates were digested and the result ofthe enzyme

digestis shownin Table 3. Samples 3,6,7 and 9 were
sensitive to the following enzymes Hind 3, and Bstb1
by which they were cleaved into 2 bands of the same
size. This indicated the samples to be of the same
type. Samples 3,7, and 9 were grouped as type 1 by

nucleotide sequencing.
Sample 4,5, and 8 were sensitive to the

following enzymes Acct, Sal 1, Sca1, and Eco01091
by which they were cleaved into 2 fragments of the
same size, indicating this group of samples to be of
type 2. However, samples 4 and 5 were sensitive to
EcoR1 also, thereby distinguishing the two samples
from sample 8 and this made sample 8 a unique
type. Sample 8 is therefore designated as type 3.

. . « . .. S . o O Ut - OCULHKH
385:&: 80" gE: 4 gs%‘. gg.- Sg.. 2§v mé‘g.. < U . oﬁ--
F‘""‘E"HU--NU D) c e M . . <+ O - nyYy » ¢« W0 e
EUU PR P < . W e . Ei o o s.. < . P [T o
i o §:: g B o Biro 819 S D gLl
o O'd ©ia O ©:: gy E g U gee F
. P . . N . & . - It [ N
§:0 £ig §:: Ede 511 gl 8dd gii Bes il
< - B (- P-4 . W oo O o+ O s . [ Boe [ 7N °
O . < . (o] .« . [ 3] . Y e e O+ - < o . . [ ..
[N [ & T . B [8) . [ O ¢ ¢ ML s . | S wq o
N 9. B8 B B 31:38:: o g Sl
£i0ogiiggid Bdg Bii B4d gddd Bl Bii R b
é: 8 = - 4 . - < 00+ . § J . HOUU g‘:
£ Q: .. & S R QERe gew 2 81 oo
S' 5‘51 ﬁ:: o . o e v - é.. [T v . é m-;
20 g9¢ B4 gt gl Bl Fir gid gii giooef
M- b T . - . .. . = .. 1 o
5 U o. o E See g u-:u ‘5.. SRS U e g - a8
B oe . o . . o e . P <& . e 5. oo o< - O . . [ o w
ISR | XTI W e . W e . ) . e .« . O - B+ s < - - < . S
g% 2. g9 o Be: Firo B2 gl gr1 Bl g
. . . . .o . . WV o e (8] (U O - - ;
gil EiDogiio @il gdd Edl Rds g £ BO¢ 2y
2 ﬁi (D:-HU-- O ¢ U - L o o+ M R 4..‘”3
4] E- < v . 2_‘.. S.. 5.: S:{({ %8. EE:::- Q‘({ ot
. . M P . .. B . QAHOD . P g.. 9
g 8 5..24;4 E&;‘.. 8.. < .o O . . U . HLL O
< - < . M« ¢ e . . SR Q o 8.. [ . < - . _—
(L ¢ . L -] .. - @ oo .« U o . . [ a
o 8- £:: Y. L., EOO g CEE  ZI0 F uw
8- (p: 8.. [0 . 8 o € o o € ¢ . s . < e - [CD ﬁh
:. 8. 8.. suu ﬁuu ud. é.. S . %:: g:: o
. . .. - .. - .. .. G .. w>
§]. E. §.< 8v- E-. §ay s.. § 2545.. E({g{ 0-:_’4
. : L ol . R . .. . gw
g: H“:. g:: E3*:: S:: g § 8 < < g:: éw g
e . s i . . . o M N I
118950 2 gl Ddg §id Bed Eii Fdd Bue T
O« A e [ P ' .. . e .. M . .. 30
[ O ¢ (S 8.. . . g.- E.. B oo o B . - [ORURL] £
O ¢ ¢ ¢ W o o g v . 8-- uuq {2(2 5:: 5[—:5‘: E_)‘E:[-: o0
2:: E': ::: E.Z. 2.. 3% 3) 3.. O o o P- R Hoe o UM
@:: g g gL G 3:: S Booo 2l gRE O
-4:- E 2.. E.. [T R [T [T E.. O .. ©
:
-t L+
228 T©0Y% ©o8 $0% U90% Do VoL Dow boe oew o
S8 BEE EEE EEE EEE BEE EEE EEE EEE B8R
SAMP | OD OD2 | CONC. $TOCK % VOLUME
LE 260 60/ | Ug/ml | CONC. PURITY | OF RNA
280 1:500 Ug/ul USED.u
dil.
1 0.024 | 1.9 11 0.55 %4 4
2 0.011 | 1.89 | 05 0.25 94 6
3 0.019 | 182 | 0.8 0.4 90 5
4 0.059 |1.83 | 24 1.2 91 1.8 o
5 0.038 [ 192 | 1.6 0.8 95 2.5
6 0.036 | 1.95 | 1.5 0.75 97 2.7
7 0.044 | 195 | 2.0 1.0 97 2.0
8 0.042 [ 1.88 | 1.8 0.9 93 2.3
9 0.019 | 1.96 | 0.8 0.4 98 5.0
10 0.010 | 1.90 | 0.4 0.2 94 6.0
Tabile 1

CONCENT ﬁATION OF THE RNA OBTAINED FROM BRAIN TISSUES OF
NIGERIAN ISOLATES AND THE VOLUME USED FOR PCR AMPLIFICATION



TABLE 2
PRIMERS USED FOR RT-PCR AND NUCLEOTIDE SEQUENCING
PRIMER" NUCLEQTIDE SEQUENCE

LR T TR RNTGER O A

STOTGOTOAT

SEQUENCING PRIMERS

Nseq N T T T -

POSITION/SENSE

Nseq 1 REVERSE. S5'GACTTGTATGCCTTGTTCAAATTCGG 3! 152~176 -~
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NV4EL
V463
NV466

NV4a61
NV463
NV466

NV461
NV463
NV466

NV461
NV483
NV466

NV461
NV463
NV466

NV461
NV463
NV466

NV461
NV463
NV466

NV461
NV463
NV466

NV461
NV463
NV46S

NV451
NV463
NV466

‘wva61
V463
NV466

NV461
NV46)
NV466

NV461
NV462
NV466

NV461
Nv4e63l
NV466

NV461
NV463
NV466

Saal G0
TGG&GCACQAPACCGAALII(TfAIf TTGGCCGGAACATACGACATGTATTITCTCCCGG
AL, 4

..... F P e A N
..... T..T...o i LA D O A YR

720
ATTGAACATCTATATTCAGCCATCAGAGTGGGCACAGTAGTCACTGCTTATGAAGATTGE
..... GiveeoGov o tGLlAL oL L. L .G L L GTCAL L, L. T, T . CL ..
«.C..G..... G..... G..A. . it e T.eoa. e et aa C...
Ddel 780
TCTGCGCTGGTGTCGTTCACAGGGTTCATAAAACAGCAAAATCTCACTGCAAGGGAAGCA
CJAGALLL LW AL Tl ceve aGLLATC Lo W Cll L. A.....

T S L ¢ N O & IS

840
ATACTATATTTCTTCCAGAACAACTTCGAGGAAGAGATAAGAAGAATGTCCGAGCCAGGG

P T 6 B ¢ Y P

cesesseneceasaessCilAG.G. . TeiveenrcnnnorveneraseeTliieiinasns

Ddel 900

CAGGAGACTGCGGTTCCTCACTCCTATTTCATTCACTTCCGCTCGTTGGGTCTGAGCGGE
ceAeeeAe.Teieieeeese e eeCaeiee..P..AC.A..CT....T...
Ao A T e T e ernaennansaT..AC.A..CT....T...

960
AAATCCCCGTATTCCTCAAATGCAGTAGGTCATGTATTCAATCTCATTCACTTTGTTGGA
P B S L Y < B N & I ¢ T R R R

P - P S S P o I o T L LI I S R R T )

1020
TGTTATATGGGTCAGGTCAGGTCTTTAAATGCGACGGTCATTGCTGCATGTGCTCCTCAT
I <P o T S T < L T LR TRy eI o

eeCitvereccendAi e A Cinnee i e TiriennrnereesCinnnnn

EcoRI BstBI 1080
GAGATGTCTGTCCTAGGGGGTTATCTAGGGGAAQA_IIITTTGGAAAAGGCACAII_QAA
veoerersvessTiveseeseCut TG A .G, A..C.uClvuvneeeGiee T
crsesserecsTiiiinieCos . PG ALLG .. .00l b s Gee. .. TGl

1140
AGAAGATTCTTTAGAGACGAAAKAGAACTCCAAGAATATGAGGCAGCTGAATTGACGAAG
R ¢ JA Y o P DY  J . I - SN o2 Y T
AGLAG. ... .Citsne i Baieiee e T ol ALGL L. Cll L ALL,

Ddel 1200
ACTGATGTGGCACTGGCAGATGACGGAACCGTCAACTCTGATGATGAGGATTACTTTTCC
TeC.oeCivenunenssonnessanssoasssnencascsAie.Cuy...C..T..CeT
T o o TSP WY o P o S DR

SalI/Accl 1260
GGTGAAACCAGGAGTCCTGAAGCCGTTTATACTCGGATCATGATGAACGGAGGCCGACTA

TG .. e AL TLALL L. T..C...oill Ao PP R P ¢
I S Te . CovennnndAiieninanss Lo ... ..G
1320
AAGAGATCTCACATAAGGAGATATGTTTCAGTCAGTTCCAATCATCAAGCCCGCCCAAAC
ceeanan D o crecesnasnreTasavan
P Y T I < ¢ B P
DdeI 1380

TCATTTGCTGAGTTCCTAAACAAAACATATTCTAGTGATTCATAGAGAGTTGAATCACAG
veaseConCllAL T L0 et e GelGl ey L ALT. LGl s L WAGL L s e W TGl
PRPIP N ¢ S WA i (PSP o ¢ [elc I ¢ JUPIIAY o SO  (« F Y - S

1440
GATTCTAGGAAACGATAACTTGTGTACATCCTTCATGAAAAAAACTAACACCTCTCCTTG
GG CLLALLT. T L GRL L ALLT L LA s e s e e s TCL L L WD
[ e N o N o L P | s Y

1478
CGAACCATCCTAAATATGAGCAAGATCTTTGTCAATCC
P S o B I TP (R

eseseseeesleGicietiencnrancnesaTennns

The nucleotide sequence of sample V461 (#3) is presented; bases are
numbered from the start of the N gene PCR product. Only differences
from this sequence are indicated for samples V463 (#5) and V466 (#8).
Positions of ATG open reading frame start codons and TAG/TAA stop
codons are underlined as are the recognition sequences of the
discriminatory restriction endonucleases described in the text. The
sequences of the amplification primers RabN1 and RabNS are bolded.
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DISCUSSION
Molecular techniques including DNA

ampliﬁcatiori have been used as invaluable tools for
virus diagnosis and typing (21). These technigues
have been applied to many iaboratories and street
isolates of rabies virus to understand the nature and
character of viral genome (22). The technology has
helped to improve the knowledge of relationship
between rabies strains within the same geographical

areas and different geographical areas.
In this study, we have applied the use of

molecular techniques for the diagnosis and typing of
rabies isolates collected from the metropolitan city of
Lagos in Nigeria. With the RT-PCR technique, the
size of the DNA of the isolates was determined to be
1,400p. The technique is also found to be useful as a
diagnostic tool for confirming the presence of the
virus in a specimen, by the amplification of the

converted DNA.
The agreement of the results with that

obtained by conventional diagnostic procedure such
as FAT showed that the detection of rabies genome
by PCR amplification is both specific and sensitive,
more so with the highly conserved area of N gene
which is invariant {(9). Therefore PCR appears as a
possible future technique for routine post mortem

diagnosis.
The direct nucleotide sequencing of the N

gene of the rabies isolate showed that the isclates
could be grouped into 3 types with isolates 3,6,7, and
9 grouped into type 1, isolates 5 and 5 grouped into

type 2 and isolate 8 into type 3.
Restriction enzyme analysis of ampilified

DNA of the N gene using a panel of eight enzymes
{Bstb1, Hind 3, Accl, Sal 1, Scal, Eco01091,
EcoR1, Dde1), divided the isolates into the same 3
types identified by the sequencing method. Though
there is no record of typing of wild rabies isolates in
Nigeria using molecular techniques, the study is
similar to the work of Nadin-Davies et al (11), where
typing of detected strains of rabies virus was carried
out in an outbreak of rabies in Central Ontario. Five
strains of rabies virus were identified with respect to
geographical locations studied. In Lagos where
Nigerian isolates were collected, three types of
strains were identified and they were from
neighbouring states and country (Republic of Benin).
The different strains identified showed some
variations in their nucleotide differences and this
could be attributed to differences in wild life

population densities and movement.
The molecular technique used for this study

is realised to be a very simple typing method that
produces result within 24 hours. itis a useful method
for comparing known viral strains in a geographical
area with any emerging strain in the same or a
different geographical area.

CONCLUSION
Molecular biology techniques hay@ been

used to amplify and type the rabies virus isolates
and 3 types were identified by both direct
sequencing and restriction enzyme techniques.
These showed that the techniques are very useful
especially the PCR, which apart from its usage for
routine diagnosis, forms powerful tool for typing and '
molecutar epidemiological studies. Using these
techniques, it would be possible to identify and
differentiate similar or other different rabies virus
strains that exist in the same environment and ciher
parts ofthe country Nigeria and else wheare.
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