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CHAPTER IV

RESULTS

Isolation of Cytoplasmic RNA

5 3
J..ﬁ‘;a- LA

Efficient extraction of RNA from the postnuclear cytoplasmic
lysate is conducted by denaturation of proteins with SDS and urea. The
proteins were separated by organic solvent extraction, and RNA was
collected in ethanol precipitatou i I golation of cytoplasmic RNA from
rabies-infected and uninfepiSe] \i performed as described in
materials and methods swaereds the ﬁm infected and uninfected
canine brain was prepii. e MEPLONemm | LNA preparation for RNA-
DNA dot hybridization / ad \:\N ethanol at -85 °C until
use. Absorption of R \-\Q:;:» 4 at 260 and 280 nm. The
ratio of Ajsgrso Was -' £ord .l AR b \f“ ating that RNA isolated
by urea/SDS extractioffn; Lanml \Q 5% Qntaminating proteins. The
estimated yield was#=-16 4 1y (i \ \ 5-2 pg /mg canine brain.
Quality of the RNA 1461, 15 a\ \ 0.7% agarose denaturing

gel electrophiresis as o0 flehits e ere are no signs of high
molecular weight RNAFd fradi i Asldg By the uniform migration of
ethidium bromide-stainofl ¥ 8 eWpresence of 285 and 18S
ribosomal RNA. The quali paration was further proven by
Northern blot hybrigi ed to Hybond-N" and
hybridized with ra -ﬁ“‘m J or N gene. The 1.4-kb
transcript of N-genc ¢ =ud infected canine brain,
migrated as distincti¥ands without sign of de dation, as illustrated in
Figure 9 (lane 3 and 4, ggspectively). qu
PCR Amplifi @:H ﬂ ’a m&ninﬂa;]QQnes
}ﬂ: ﬂ Ww’}@ @a\g}s genes was
constructq e gene-specific primer pairs (in 2) and then
PCR amplified as described in materials and methods. The results
presented in Figure 10 showing the amplification of desired gene portions.
The cDNA fragments of N, G, NS, L and M gene were approximately 462,
963, 628, 433 and 598 bp long, respectively (Figure 10, A) . None of the
PCR products were obtained with RNA extracted from uninfected BHK-21
by any sets of primer pair (Figure 10, B). The amplified gene portions were
confirmed by Southern blot analysis. The blot was cut into 5 pieces. Each
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Figure ;ﬂ] Enl@ngﬂagarg;y; aem(;l]?rez]’s gll gNggve of pg was

electrophoresed through formaldehyde denaturing agarose gel and stained
with ethidium bromide. Multiple prepartions of RNA isolated from rabies-
infected BHK cells (A) are compared those RNA prepared from canine
brian (B).
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- 1.4 kb

RSt FES

Figure 9. - ‘paratinn. Five pg of

cytoplasmic RNA wdik electroplioiese trankred to nylon membrane.
Rabies N-transcript was Adentified by Yorthern hybridization.

— RN@:MJ&HH VSRV o inected caine

brain; lane 3, A from rabies-infected B&K cells; lagg 4, RNA from

e QIR0 U1V
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Figure 10. PCR ampb aunn of rabjgs viral RNA Portions of five viral

genes were ﬂ %‘%ﬂlﬂ zairs The amplified
products lySet electrophoresis.

Amplifications were performeds'with RNA=pf mfected BHK cells (gel A)

e mm@wm A EOEL

respectwely Lane MW is pBR322/Hinfl standard size marker.
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piece contained the PCR-amplified product of N, NS, M, G or L gene.
Then each blot was individually hybridized with its internal oligonucleotide
probe as shown in Table 3. The results showed that the PCR-amplified
products were the portions of N-, G-, NS-, L- and M-gene of rabies virus
(Figure 11, A). No signals were detected from those PCR amplifications of
uninfected BHK cells (Figure 11, B). In addition, specificity of the PCR
amplification was also tested by using DNA and RNA samples from
various sources. There were no amplifications with these 5 primer pairs
when pGEM-3Z, E. coli. DNA, BHK-21 RNA, herpes simplex type I and
type II, and papilloma virus RNA were used as templates (data not shown).
As expected, each de51gned DA P8 g could be used for amplification of
; ies gene sequence.

>

Cloning ﬂf \ \\ﬁ piementary to 5 individual
genes of rabies " o \ \ B technique as mentioned
above. Since the prinf f Qer n \\ :\" at the amplified fragment
contained an EcoRM \' [ site at its 3 end, the

amplified fragments ¢ r’ b d n,-'.'q @\\ \ \- &I and Pst] and sticky-end

cloned into EcoRI/Psj .J...:Ir'ﬁ WIS SA plasmid vector. For an
unexplained reasons, t4¢ #plific= Agllictsy Were not able to be digested
with neither EcoRI nor P& JEEEG1E refiriction digestion was proven

as follows. The 5° end ST ts was [y-"°P)-labelled by Tj
polynucleotide ki o RIATP was removed. The
labelled PCR fragipe R .'6 on endonucleases and

the digestive prndu 7" ide gel electrophoresis
and autoradiography= J The elctrophoretic mobi J showed a distinct band
of labelled PCR-amplifjgd fragmentgqguggesting no sign of restriction
digestion. To ﬁ ﬂﬂ;ﬂmmmems were blunt-
end cloned in ts were kinased
and subjected to fill-in rcactmﬁ to blunt md the DNA/fragments. The

pretreaté W* FN\% %ﬁn’%ﬁ ted plasmids
and werq subsequently transformed into E. coli ost cells and the

cells were plated onto SOC agar containing IPTG and X-gal. White clonies
were screened for the presence of cDNA fragments by PCR technique.

" Ligation of blunt-ended PCR fragments to pGEM-3Z and
transformation of JM109 resulted in 13-20 white, ampicillin-resistant
colonies per ng of cDNA used in ligation reaction. The number of white
colonies was estimated to be 90% of the total colonies. More than 70% of
these transformants possessed rabies cDNA inserts as shown by PCR
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cut into pieces. Each containing individual PCR amplified gene product of
rabies-infected (A) and uninfected BHK-21 RNA (B), respectively. Each
blot was separately hybridized to the corresponding internal
oligonucleotide probes resulting in fluorograms of corresponding gel A and
B. PCR amplifications of N, G, NS, L and M gene were shownin lane N,
G, NS, L and M, respectively.
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screening (Figure 12). The size of PCR fragments obtained from
preliminary screening of transformants was corresponded to the expected
fragments of N, G, NS, L and M gene as described above. To test whether
the inserts were derived from rabies genes, recombinant plasmids from 10
individual transformants were isolated and spotted on nylon membrane.
Hybridization was carried out using internal oligonucleotide probe. Figure
13 confirmed that the inserts were indeed derived from rabies genes. Five
cDNA clones : pRAB-N, pRAB-G, pRAB-NS, pRAB-L and pRAB-M
were obtained; these were derived from rabies virus sequences belonging
to the portions of N-, G-, N ~ and M-gene, respectively. The
recombinant plasmids from _: Se) # #uere used as probes for further
stud}r due to strong h}fb #ith rabies virus RNA and not

The rabies #f0Orgf
pRAB-M) were clea 4
gel electrophoresis “as g8
plasmid vector was euff
were detected to be 4.
plasmids containing the.

BPRAB-NS, pRAB-L and
gnalyzed through agarose
e linearized pGEM-3Z
» agarose gel. The inserts
#4470 bp from recombinant
, G, NS, L and M gene,
respectively. The size of M-€22= as reduced from 598 to 470 bp
due to unexpected restrictigi=ahis: 5 amplified fragment of M-gene
(restriction site at X.4ARA S Snd o PORSSMLL :d M-cDNA was not

proven as describe{Z A Jas determined to be
EcoRl. The DNA "E'i.. 1t embrane and analyzed

by Southern hybridiZ tmn using each individua uhgonucleoude probes.
Results in Fi mids were derived
from 5 sap chJ Heﬁ mﬁ . Alternatively, no
hybridization siginal was detect d when PCR—amphfied fragments were
hybridiz uﬂ?;m ﬁ;& not shown).
This fﬂﬂ mﬁﬁm H ﬁted between

these cDNA recombinant plasmids.
Specificity and Sensitivity of Rabies cDNA Probes

Dot hybridization was employed in the determination of sensitivity
(detection limit) and specificity of the probes. The entire recombinant
probes were labelled using ECL-random prime system and hybridized with
various amounts of RNA from rabies-infected BHK cells. As shown in
Figure 16-17 (picture A), the pRAB-NS and pRAB-L probes were able to
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portion by PCR. Amplified products were identified on 1.2% agarose gel
electrophoresis (lane Al1-A13 and B1-B7). Standard size marker is

pBR322/Hinfl.
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individual clones of M-gene were isolated, spotted onto membrane and
hybridized to oligonucleotide M-probe. A1-A5 and B1-B5 are plasmids
isolated from individual colonies. A6 is PCR amplified positive control and
B6 is RNA from infected BHK-21. A7 is PCR amplified negative control
whereas B7 is RNA from unifected BHK-21.
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Figure 14. Agarose-gel electrophoresis of rabies recombinant plasmids
digested with PstI and EcoRI. Lane 1, 2 and 3 contain undigested pGEM-
3Z, undigested recombinant plasmids and Pstl/EcoRI-digested recombinant
plasmid, respectively. Rabies recombinant plasmids are pRAB-N, pRAB-
G, pRAB-NS, pRAB-L and pRAB-M represented by N, G, NS, L and M,
respectively. Standard size marker is lamda DNA/EcoR1/HindIll.
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chemillunfinscent-labelled pRAB-NS probe. (A) 10, 1, and 0.1 pg RNA
from rabies-infected BHK cells were compared to 5 pg of uninfected BHK-
21, canine brain RNA, human DNA (huDNA), E. coli DNA, herpes
simplex-infected BHK-21 RNA (HS-I and HS-II), and papilloma-infected
Vero cells RNA (PV). (B) Self-hybridization of pRAB-NS probe was done
in parallel with various amount of PCR product of NS-gene.
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Rabies-infected BHK-21
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chemillurhinscent-labelled pRAB-L probe. (A) 10, 1, and 0.1 pg RNA from
rabies-infected BHK cells were compared to 5 pg of uninfected BHK-21,
canine brain RNA, human DNA (huDNA), E. coli DNA, herpes simplex-
infected BHK-21 RNA (HS-I and HS-II), and papilloma-infected Vero
cells RNA (PV). (B) Self-hybridization of pRAB-L probe was done in
parallel with various amount of PCR product of L-gene.
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detect rabies viral RNA from as little as 100 ng of RNA from infected
BHK-21 whereas the pRAB-N, pRAB-G, and pRAB-M probes detected
viral RNA from 1 pg of infected BHK-21 RNA (Figure 18, 19 and 20 in
picture A).

The probes gave specific signals with RNA from rabies infected

cells, and no signal was observed with various non-rabies sources; i.e. E.
coli DNA, RNA from BHK-21, RNA from herpes virus infected BHK
cells, RNA from unifected dog brain as well as human DNA. These
results, as ShDWIl in Figure 16-20(yigture A), indicated the high specificity
R 2 AB-G, pRAB-NS, pRAB-L and

W / lasmid was not able to detect
RNA frum rabies mfec st NC T téditions (data not shown).

was made. One hundred
ocne were twofold diluted
quently carried out with
Nigure 16-20 (picture B)
AB-L and pRAB-M, was
75 ng of target sequence,

A parallel expgae™ o ;

and spotted to mem#ar
each individual cDNg
showed that pRAB-N.
able to detected as lo
respectively.

Application of cDNA Pfobdaa < @i a nosis
2T 78

pol o of rabies cDNA probes
s¥iples. RNA of infected

In order t0 4s
in identification 1;;

and uninfected cangje™¢ =pared and dotted onto
membranes. The rembmant plasmid s were l s lled using ECL random
prime system usdiﬂs robes rune les of virus-infected
canine brains @,'ﬁ ue and compared to
routine ﬂuoresent ant ndy test ) tam fmm 1festuck Promotion

Depa e results in
RS ER L %W’@m r
samples %which had previously been diagnosed as rabid by fluorescent
antibody method (FA). Ten negative samples proven by FA and MI were
found to be negative by dot hybridization. Neither false positive nor false
negative was observed in this study. The labelled plasmid pGEM-3Z failed
to detect rabies viral RNA as well as canine brain RNA (data not shown).
Thus, the sensitivity and specificity of all five clones was found to be 100%
when FA was used as gold standard.
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chemilluminscent-labelled pRAB-N probe. (A) 10, 1, and 0.1 pg RNA
from rabies-infected BHK cells were compared to 5 pg of uninfected BHK-
21, canine brain RNA, human DNA (huDNA), E. coli DNA, herpes
simplex-infected BHK-21 RNA (HS-I and HS-II), and papilloma-infected
Vero cells RNA (PV). (B) Self-hybridization of pRAB-N probe was done
in parallel with various amount of PCR product of N-gene.
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Figureﬁm Hcﬁ ﬂ,ﬂmnﬁéli m ']?ﬁ‘:de.l detected by

chemilluminscent-labelled pRAB-G probe. (A) 10, 1, and 0.1 pg RNA
from rabies-infected BHK cells were compared to 5 pg of uninfected BHK-
21, canine brain RNA, human DNA (huDNA), E. coli DNA, herpes
simplex-infected BHK-21 RNA (HS-I and HS-II), and papilloma-infected
Vero cells RNA (PV). (B) Self-hybridization of pRAB-G probe was done
in parallel with various amount of PCR product of G-gene.
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chemilluflinscent-labelled pRAB-M probe. (A) 10, 1, and 0.1 pg RNA
from rabies-infected BHK cells were compared to 5 pg of uninfected BHK-
21, canine brain RNA, human DNA (huDNA), E. coli DNA, herpes
simplex-infected BHK-21 RNA (HS-I and HS-II), and papilloma-infected
Vero cells RNA (PV). (B) Self-hybridization of pRAB-M probe was done
in parallel with various amount of PCR product of M-gene.
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Figure 21. Dot-h - idigaifi 2 ¢ canine brain samples
detected by chd v = Crrims i ==+ probe. Each dots
contained 10 pg of ¥

10
i

+ = rabies-infected brain, - = uninfected brain, +' = self-hybridization with
PCR product, +* = rabies-infected BHK-21, -' = PCR amplified
uninfected BHK-21, -* = uninfected BHK-21
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Figure 22. Dot-hy# y '- RN 1 canine brain samples
detected by Cchepmmmmnescen=mesusmmmaefr probe. Each dots

ﬂW’I&Nﬂ U

+= rablas—mfected brain, - = uninfected brain, +' = self-hybridization with
PCR product, +* = rabies-infected BHK-21, -' = PCR amplified
uninfected BHK-21, -* = uninfected BHK-21



Figure 23. Dot-higifis s
detected by chemsdl
contained 10 pg of RIJA.
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+ = rabies-infected brain, - = uninfected brain, +' = self-hybridization with
PCR product, +* = rabies-infected BHK-21, -' = PCR amplified
uninfected BHK-21, -* = uninfected BHK-21

.' WS probe. Each dots
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Figure 24. Dot-hy y' 72 & | canine brain samples
1 ; ff M probe. Each dots

+ = rabies-infected braih, - = uninfected brain, +' = self-hybridization with
PCR product, +* = rabies-infected BHK-21, -! = PCR amplified
uninfected BHK-21, -*> = uninfected BHK-21



Figure 25. Dot-hyi i canine brain samples
detected by chemill CSee velled -L probe. Each dots

ﬂuﬂ“

+ = rabies-infected brain, - = uninfected brain, +' = self-hybridization with
PCR product, +* = rabies-infected BHK-21, -' = PCR amplified
uninfected BHK-21, -> = uninfected BHK-21
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Synchronization of BHK-21 Cells

BHK-21 cells were synchrony induced by releasing from serum
starvation. The stationary phase cells were incubated in minimal medium
without supplementation of glutamine and serum for 6 hrs. The cells were
released by replacement with fresh complete medium. Induced cells were
pulse-labelled with *H-uridine into newly synthesized RNA. Cells were
then precipitated with cold TCA and scintillation counted. Details of
method are described in Appendix C. Rate of RNA synthesis was
determined by measuring the incggpration of *H-uridine into RNA. The
rate of cellular RNA synthegzis ! i 2d during maintenance of cells in
starvation (data not showyg®h L Jerval after the replacement of
fresh complete mediuni™me=ite of ™ RNA synthesis was twofold
increased and reached e iry [wi - fFigure 26) whereas the
number of cells was slgg ; Ty and doubled within 18 hrs.
Increasing rate of R\.4 at cells were induced to
resume the traverse Wy and were capable of
macromolecule synth

Characterization of #ie UWes Virus

The transcripfio ]l essF v abi®s "virus was determined by
following the transcript p - ouS postinfection periods. The
RNA-free viral seed prepz Sk in chapter 3, was adsorbed to
synchronized BHK} ifijasks. Aliquots of cells
were collected _y.f_ i) lysate were collected
and treated with ll i redreversed transcribed by
oligo(dT) and subjectéd to PCR. Amplification 0*each rabies gene product
was extended b pnm irs in Table@ Details of method were described
in chapter 3 ﬁl

electmphoresiﬁ-‘ ﬁﬂjﬁ\lmlg: m 0- '; iﬁpzﬁzéﬂ
AR FINEP Dol s

contaminfjtion of RNA transcripts in viral seed was successfully removed,
Thus the appearance of amplified gene products was obtained from newly
synthesized transcripts. The N-transcripts was detected within 1 hpi. The
NS-, M- G-, and L-transcripts sequentially appeared as ethidium bromide
stained bands on agrase gel at 3, 4, 5 and 2 hpi, respectively. All five
species of rabies mRNA transcripts were detected within 5 hrs after
infection. The transcriptional events of rabies virus in infected BHK-21
cells by RT-PCR detection appeared to preceed in the order of N, L, NS,

M, and G.
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Figure 26 e}ﬂyammmmn o BHK21 cels

Synchronized BHK-21 cells weré induced efeeduﬁm fresh complete
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cold TCA.
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Figure 27. Transcriptjonal events of {3bies viral genes characterized by
RNA-PCR tm \im ]%ﬂminm rabies-infected
BHK-21 at ﬂs tﬂ stibjecfed to first-stranded
cDNA synthesﬂ by oligo(dT) extension. Amplification ©f specific genes

P IS NS i
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In our previous experiments, transcription of rabies virus were
carried out in non-synchronized BHK-21 monolayer. Many trials were
obtained to examine the transcripts at various hr after infection (from 0-12
hpi). However, the presence of viral transcripts as well as the order of
transcription were not reproducible within 3 hpi. The results suggested the
existence of some variations in cell culture. One of the most critical
drawback is the variable stages of cell cycle. Under starvation conditions,
the entire population of BHK-21 could be made to stop in the G1 phase.
On subsequent refeeding with fresh medium, these cells synthesized RNA
as well as DNA and divided synchronously. When transcription of rabies
virus was observed in syngl WIS JBHK-21, the reproducibility was
improved and appropriata™ -W {, *25 developed. Furthermore, the
starved cells should be mmmasicd in (Tt 'um for at least 6 hrs. In our
experience, brief incubz LS =iresh mEtimgs Ited at least six-hour shift
in viral RNA synthesis. N

After many##2 f f o il ok was detected as earlier
as 60 min after posti £ FO=S NS ORN transcript was increased
in first 5 hpi and e 18n Cthidium bromide-stained
gel was decreased agb | PeOlling the degradation of N
transcript. The RNA \‘?‘--. was detected at 2 hpi.
Accumulation of L-trafis psedRt O hpi and raised up again at
7 hpi. The NS-transcrip €3 hpi and maintained at low
concentration whereas was appeared at 3 hpi and
maintained at low ogne e G-transcript was the
last transcription ;""—'_ @Fr| accumulated at high
concentration. -
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