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Abstract

Up to now, several attenuated measles virus vaccine strains derived from the Edmonston B vaccine consisting of Schwarz/Moraten,
Zagreb, and AIK-C have been introduced for the rescue of their relative viruses through reverse genetics. In most studies, the measles
virus rescue was done by supplying a cell line that expresses T7 RNA polymerase and measles virus N and P proteins as accessory
proteins. The present study aimed to evaluate the rescue efficiency of the recombinant measles virus AIK-C vaccine strain by using
a tricistronic expression plasmid. In this study, the rescue of the recombinant measles virus AIK-C vaccine strain was performed by
co-transfection of three plasmids, including the cloned antigenomic cDNA of measles virus, a tricistronic expression plasmid that
contained T7 RNA polymerase and measles virus N and P genes, and measles virus L polymerase expression plasmid. To increase
the rescue efficiency, the transfected HEK-293 cells were co-cultured with Vero cells. As a result, the use of tricistronic expression
plasmid that concomitantly encoded three necessary genes for the rescue of the measles virus led to the viral cytopathic effect with
high efficacy five days post-transfection. Finally, the co-culture of transfected HEK-293 cells with Vero cells showed a relatively fast
induction of viral cytopathic effect.
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1. Background

The Measles virus (MV) as a causative agent of measles
belongs to the genus Morbillivirus in the family Paramyx-
oviridae and contains a nonsegmented genomic single-
stranded RNA with minus-sense (1, 2). The measles virus,
like other members of this family, is an enveloped virus in
which the viral RNA, along with nucleocapsid (N) proteins,
is present in the form of ribonucleoprotein (RNP). The vi-
ral polymerase complexes containing the phospho (P) and
large (L) proteins are associated with RNPs. The genomic
negative-sense RNA encodes six transcription units, called
N protein, P, V, and C (P/V/C) proteins, matrix (M) protein,
fusion (F) protein, hemagglutinin (H) protein, and L pro-
tein from the 3’ to 5’ end, in sequence (3, 4). For the first
time, the Edmonston B strain as an attenuated MV was pro-

duced after a constitutive passage of Edmonston strain on
primary human kidney and amnion cells and adaptation
to chicken embryo fibroblasts (CEF). In 1975, the Edmon-
ston B vaccine was abandoned because of being reacto-
genic. Then, the Edmonston B strain was replaced by other
attenuated vaccine strains, including Schwarz/Moraten,
Zagreb, and AIK-C (5, 6). By now, MV vaccine strains have
been used worldwide, and they showed to produce safe
and efficacious vaccines to prevent measles. The MV vac-
cine strains are very stable genetically, as a genetic rever-
sion to pathogen strains has not been found. On the other
hand, the MV vaccine strains can induce long-lasting pro-
tection and elicit protective antibodies and cellular immu-
nity (5, 7-12).

The rescue of MV through reverse genetics from
cloned full-length antigenome cDNA was first achieved by
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Radecke et al. (13) in 1995. They developed a helper cell line
(HEK293-3-46) that stably expresses T7 RNA polymerase, as
well as N and P proteins of MV to make viral RNPs from
transcribed RNA. Then, reverse genetics was used to rescue
other MV vaccine strains by co-transfection of MV antige-
nomic cDNA plasmid into the HEK293-3-46 cell line (6, 14).
On the other hand, some studies could rescue the MV
through transient expression of viral N and P proteins, as
well as T7 RNA polymerase (15, 16).

Tricistronic expression plasmids have shown to be ef-
fective for the concomitant production of three genes into
a cell line. By a tricistronic expression system, the first gene
was located under the control of CMV promoter, but the
second and third genes were located downstream of the In-
ternal ribosome entry site (IRES) sequence (17, 18). Thus, to
increase the rescue efficiency of MV, the use of tricistronic
expression plasmid containing T7 RNA polymerase and MV
N and P genes could be beneficial, as previously described
(19).

2. Objectives

Here, the MV antigenomic sequence of AIK-C strain was
synthesized for use in the rescue of a recombinant MV vac-
cine strain vector. Transient expression of helper proteins
containing T7 RNA polymerase and N and P proteins of MV
by tricistronic expression plasmid was illustrated to be ef-
ficacious for the rescue of recombinant MV vaccine AIK-
C strain. It seems that concomitant expression of three
helper proteins into cells could optimize the formation of
viral RNPs after the transcription of antigenomic RNA.

3. Methods

3.1. Construction of Measles Virus Vaccine cDNA

The antigenomic cDNA sequence of MV based on the
AIK-C strain (accession number AF266286) was synthesized
by Genscript Company. In this sequence, the T7 promoter,
together with GGG nucleotides, was added to the 5’ end of
antigenomic cDNA to ensure enhanced transcription with
T7 RNA polymerase activity. According to previously doc-
umented results, to avoid the presence of the three G nu-
cleotides in transcribed viral antigenomes, the ribozyme
hammerhead sequence was added to the upstream of the
first nucleotide of MV antigenome, which could digest the
5’ end of antigenome through self-activity. Therefore, the
hammerhead sequence could correctly make the 5’ end in
the transcribed RNA antigenome. The hepatitis delta virus
ribozyme along with a T7 terminator sequence was added
to the 3’ end of antigenomic cDNA to form exactly the 3’
end of antigenomic RNA.

Besides, three additional Ttranscription units (ATUs)
were added to the antigenomic cDNA to convert it into a vi-
ral vector to express foreign transgenes. The first ATU was
located between the N and P genes under the control of
gene end (GE) and gene start (GS) sequences of the P gene.
The second ATU was located between the P and M genes un-
der the control of GE and GS of the M gene. The third ATU
was located between the F and H genes under the control of
GE and GS of the H gene. The ATUs bear the unique restric-
tion enzyme sites to accommodate foreign transgenes. The
complete sequence of MV antigenome was cloned into a
pUC57 plasmid and called pAIKc-rMV (Figure 1).

3.2. Cell Lines

The Human Embryonic Kidney (HEK) 293 cells and
Vero cells (African green monkey kidney) from the ATCC
source were grown as monolayers at high-glucose Dul-
becco’s modified eagle’s minimal (DMEM) medium with
100 U/mL penicillin and 100 mg/mL streptomycin, supple-
mented with 10% heat-inactivated fetal bovine serum (FBS).

The cells were incubated at 37°C under 5% CO2 condi-
tion.

3.3. Generation of Recombinant MV Vaccine Strain

The rescue of recombinant MV vaccine AIK-C strain was
performed by co-transfection of three plasmids consisting
of pAIKc-rMV (as MV antigenomic cDNA), pT7N1P5 (as the
expression plasmid encoding T7 RNA polymerase and MV
N and P proteins, as previously described), and pEMC-La
(as MV RNA polymerase L, kindly provided by H.Y. Naim).
Briefly, HEK-293 cells were maintained at 70% confluency in
six wells of cell culture plates with 10% FBS in the absence
of antibiotics. A plasmid mixture of pAIKc-rMV (1.2 µg),
pT7N1P5 (1 µg), and pEMC-La (0.4 µg) was co-transfected
into HEK-293 using lipofectamine 2000 (invitrogen).

After overnight incubation at 36ºC and 5% CO2, we
added 2% FBS together with DMEM to the transfected cell
culture. For rescue analysis of the recombinant MV vac-
cine, after two to six days, the transfected cells were as-
sessed for the observation of viral cytopathic effect. To in-
crease the rescue of recombinant MV vaccine AIK-C strain,
the co-cultivation was also used for transfected HEK-293
cells with Vero cells.

3.4. Viral RNA Extraction and RT-PCR Assay

For RT-PCR, the culture supernatant from transfected
HEK-293 cells was used to infect Vero cells to increase the vi-
ral titer of the rescued virus. The viral genomic RNA was ex-
tracted from 300µl of the supernatant of transfected HEK-
293 cells and infected Vero cells using TRIZOL (Invitrogen)
according to the manufacturer’s instruction. Then, reverse
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Figure 1. Schematic diagram of cloned antigenomic cDNA of the MV AIK-C vaccine strain into the pUC57 plasmid. The recombinant plasmid named pAIKc-rMV contains
accessory elements, which is preceded by the T7 RNA polymerase promoter and Hammerhead (HH) sequence and is ended by ribozyme delta (RD) T7 terminator (T7 ter)
sequence. Three additional transcription units (ATUs) were included between the N and P genes, P and M genes, and F and H genes. After transfection of the construct into
HEK-293 cells in the presence of T7 RNA polymerase, the antigenomic viral RNA could be transcribed.

transcription was done for DNase-treated RNA samples by
random hexamer primers. Briefly, 12 µL of extracted RNA
was added to RT mixtures containing random hexamer
primers, incubated at 80°C for 10 min, and then placed on
ice for 5 min. Next, the second reaction buffer was added to
the previous mixture and incubated at 42°C for 70 min. Fi-
nally, the RT reaction mixture was incubated at 85°C for 10
min to inactivate the enzyme. For the amplification of MV
cDNA, two sets of primer pairs, one containing MV3’-F and
MV3’R and the other containing MV5’F and MV5’R, were de-
signed to amplify 184 bp and 392 bp fragments located at
the Noncoding region of the 3’ and 5’ ends of the MV AIK-C
strain genome, respectively (Table 1). Briefly, for each sam-
ple, the PCR was performed in a 20-µL reaction volume con-
taining 5µL synthesized cDNA, 4µL PCR master mix, and 10
mM of each primer. The PCR amplification was done under
the following condition: Primary denaturation at 95°C for
10 min, followed by 30 amplification cycles consisting of
denaturation at 95°C for 15 s, annealing at 60°C for 15 s, and
extension at 72°C for 30 s, and one cycle of final extension
for 7 min.

Table 1. Primers Sequence for Detection of 3’NCR and 5’NCR of Measles Virus Genome

Primers Sequence Amplification Length, bp

MV3’-F 5’- TAA TAC GAC TCA CTA TAG GGC
CAA C-3’

184

MV3’-R 5’- CTC GGA TAT CCC TAA TCC TGC
TCT TGT C-3’

184

MV5’-F 5’- TT ATT GAT TGA ACT CCG GAA
C-3’

392

MV5’-R 5’- ATC CGG ATA TAG TTC CTC CTT
TCA GCA AAA AAC C-3’

392

4. Results

4.1. Rescue of AIK-C Vaccine Strain of Measles Virus

The cDNA sequence of AIK-C vaccine strain of MV to-
gether with all accessory elements consisting of T7 pro-
moter and hammerhead located before viral antigenome

and hepatitis delta ribozyme sequence along with T7 ter-
minator added to the end of the viral antigenome, as well
as ATUs, which were cloned into pUC57, were used to rescue
the MV vaccine AIK-C strain. To transcribe the viral antige-
nomic RNA and encapsidate it for the production of viral
RNP associated with viral P protein in HEK-293 cells, the co-
transfection of pAIKc-rMV (containing viral antigenome)
with a tricistronic expression plasmid (named pT7N1P5),
was carried out. The tricistronic expression plasmid ac-
commodated three genes consisting of T7 RNA polymerase
and MV N and P genes. The T7 RNA polymerase sequence
was located at the downstream of CMV promoter since
high expression was necessary for the enzymatic activity of
T7 RNA polymerase. The MV N and P genes were cloned un-
der the control of IRES sequence for the equivalent expres-
sion of them. In principle, the tricistronic plasmid could
ensure the concomitant expression of three genes in cells
as helper proteins. To establish the reverse genetics sys-
tem to rescue the AIK-C strain, the pAIKc-rMV, pT7N1P5, and
pEMC-La plasmids were co-transfected into HEK-293, which
resulted in the formation of a vast cytopathic effect (CPE)
five days post-co-transfection (Figure 2A). It seemed that
the concomitant expression of the three genes included
in the tricistronic expression plasmid could increase viral
RNPs in co-transfected cells. The co-cultivation of trans-
fected HEK-293 with Vero cells resulted in the observation
of the viral CPE four days post-co-culture (Figure 3A). On
the other hand, to confirm the induction of viral CPE in
Vero cells, the Vero cells were infected with the rescued re-
combinant AIK-C vaccine strain. Here, the MV vaccine AIK-C
strain could start to induce the viral CPE three days post-
inoculation.

4.2. Virus RT-PCR Amplification

To monitor the MV production, the supernatant of co-
transfected cells after the formation of viral CPE, and to de-
tect MV after the inoculation of the virus in Vero cells, the
RT-PCR was done by two sets of specific primers targeting
3’NCR and 5’NCR of the MV genome. The results of RT-PCR
amplification were positive in either of co-transfected HEK-
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Figure 2. A, Measles virus rescue after co-transfection with pAIKc-rMV, pT7N1P5, and pEMC-La visualized with vast syncytia formation (shown by arrow) after five days; B,
negative control of HEK-293 cells transfected with pAIKc-rMV and pT7N1P5 plasmids.

Figure 3. Measles virus rescue in co-cultivated HEK-293 cells with Vero cells. A, Rescued recombinant measles virus after co-culture of transfected HEK-293 cells (pAIKc-rMV,
pT7N1P5, and pEMC-La) with Vero cells visualized with a vast cytopathic effect after four days. B, co-culture of transfected HEK-293 cells (pAIKc-rMV and pT7N1P5) with Vero cells
as a negative control.

293 cells, the MV rescued from the co-culture system, and
175 inoculated Vero cells (Figure 4).

5. Discussion

For the first time, reverse genetics for the rescue of MV
Edmonstone strain was done by Rodecke et al. (13) in 1995.
They illustrated that the MV could be rescued from antige-
nomic but not genomic cDNA in the helper cell line (HEK

293-3-46), which expressed stably T7 RNA polymerase en-
zyme and MV N and P proteins. After that, many studies
were published on the rescue of different strains of MV vac-
cine strains.

In all of them, the enzymatic activity of T7 RNA poly-
merase and expression of MV N and P proteins were neces-
sary (5, 6). However, the rescue of MV by transient expres-
sion of T7 RNA polymerase, as well as MV N and P proteins,
instead of stable expression of them, could be done (15,
20, 21). As stable cell lines need for the addition of antibi-
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Figure 4. The RT-PCR to amplify 5’NCR and 3’NCR from rescued MV. The amplifica-
tion results of 5’NCR and 3’NCR showed 392-bp and 184-bp bands. Lane 1 is related
to the DNA marker; lanes 2, 3, and 4 are positive amplification results of 5’NCR se-
quence of transfected HEK-293 cells, rescued measles virus from transfected HEK-293
co-culture cells with Vero cells, and inoculated Vero cells with rescued measles virus,
respectively; lanes 5, 6, and 7 are positive amplification results of 3’NCR sequence of
rescued measles virus from HEK-293 cells, co-culture system, and inoculated measles
virus, respectively.

otics such as G418 in the culture medium for the mainte-
nance of foreign gene expression, we previously designed
a tricistronic expression plasmid harboring either of the
three necessary genes consisting of T7 RNA polymerase and
MV N and P genes (19). On the other hand, because of co-
transfection of several plasmids that individually express
T7 RNA polymerase and MV N and P proteins, a tricistronic
expression plasmid could be useful as an effective system
for concomitant expression of them.

Here, we tested the tricistronic expression plasmid for
the rescue of MV AIK-C vaccine strain from antigenomic
cloned cDNA. Our results showed the successful rescue of
recombinant MV AIK-C vaccine strain, called pAIKc-rMV, by
tricistronic expression plasmid through the formation of
several cytopathic effects (syncytia). These results were
possibly due to the presence of either of the three proteins
concomitantly in per cell, which was accompanied by an
efficient formation of viral RNP.

Finally, because of the accommodated ATUs in antige-
nomic cDNA of AIK-C vaccine strain, which has a capac-
ity of incorporating foreign transgenes, the pAIKc-rMV can
be used as a viral vector for expression of antigens from
other viral pathogens. In general, similar to several pre-
vious research that demonstrated the MV as a potent vec-
tor to express foreign antigens, the MV in this study could
also express inserted genes in ATUs (5, 14, 22-27). Regard-
ing the previously published literature that demonstrated

MV could induce neutralizing antibodies and an efficient
immune system against SARS coronavirus (25, 26), here we
can use the ATU to include the SARS coronavirus-2 S antigen
and assess the immune response against it.

5.1. Conclusions

As the MV has documented to infect macrophages and
dendritic cells to induce stable immunity against the MV
(28), using the recombinant attenuated MV AIK-C vaccine
strain as a viral vector for the expression of other viral anti-
gens will allow us to elevate the possible achievement for
vaccine targets in the case of highly pathogenic viruses
such as HIV, avian high pathogenic influenza virus, HCV,
SARS coronavirus-2, and some of the arboviruses.
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