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KANWAR RAJENDER PAL SINGH
Dr KANWARRAJENDER PAL SINGH (Rajender to his friends) was
born in Gujranwala , Punjab (now in Pakistan) on 22 April 1930.
After obtaining his PhD under Dr A. W. A. Brown at the University
of Western Ontario, Canada in 1956 and spending two more years
at the University of Texas, USA, he returned to India and joined
the Virus Research Centre, now renamed the National Institute of
Virology, Pune , where he served until 1970.

He then joined the World Health Organization (WHO)/Indian
Council of Medical Research (lCMR) Collaborative Project on
Genetic Control of Mosquitoes, New Delhi until 1976 and later the
newly established Vector Control Research Centre, Delhi, which
was subsequently shifted to Pondicherry.

Soon after joining the Virus Research Centre, he established
laboratory colonies of ticks and studied their vector competence for
Kyasanur Forest disease. During these investigations he demons-
trated the transovarial transmission of the virus by certain species
of ticks. This important finding helped in understanding the
mechanism of how the Kyasanur Forest disease virus was maintained
in nature.

Rajender also worked on mosquito-borne arboviruses, such as
the dengue, chikungunya, West Nile and Chandipura viruses, and
was especially interested in the vector-virus relationship. It was
during these studies that he succeeded in establishing continuous
cell lines from mosquitoes-a remarkable achievement in a highly
competitive field. His two cell lines from Aedes aegypti and Aedes
albopictus were the first mosquito cell lines in the world. For this
discovery, Rajender was awarded the Shakuntala Amirchand Prize
by the ICMR in 1968.

Rajender worked with the WHO as well as the Food and Agricul-
tural Organization on various short- and long-term assignments. He
was a member of the Task Force constituted by the Government of
India for revising the control strategy for malaria.

Rajender died on 20 May 1977 at the Command Hospital, Pune ,
after a prolonged illness.
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Grace! established a cell line from axenically
grown larvae of Aedes aegypti about to pupate by
employing a culture medium containing haemo-
lymph of the moth, Antheroea eucalypti. However,
his further efforts to establish more cell lines
from A. aegypti were not successful. Kitamura-
cultured ovarian tissue of three species of mos-
quitoes, Culexmolestus. Aedes albopictus and
Aedes aegypti, using a culture medium consisting
of medium 199 and calf serum. He was able to
subculture the cells of Aedes up to the eighth
passage. Many other workers+" have also
attempted to culture and subculture mosquito
cells without much success.

This communication reports the successful
establishment of three cell lines of A. albopictus-
and two of A. aegypti using a culture medium
without insect haemolymph.

Tissues for cultures were obtained from
freshly hatched larvae of Aedes aibopictus and
Aedes aegypti. The eggs were surface sterilized by
washing twice with acetone and then immersing
for 15-20 minutes in White's solution." Eggs thus
sterilized were washed twice with sterile distilled
water and allowed to hatch in Rinaldini's salt
'solutiont? (RSS) under reduced atmospheric
pressure. Most of the eggs hatched within ten
minutes. Several hundred freshly hatched larvae
were transferred to a small test-tube with 1 ml. of
0.25% trypsin, (1.:.250, Difco) in RSS. The larvae
were cut into small pieces with sharp fine-
pointed scissors. Five more ml. of 0.25% trypsin
solution were added to the tissue suspension
which was then transferred to a 15 ml. centrifuge
tube and incubated at 37° C. for ten minutes.
After incubation the tissues and cells were
mixed with a Pasteur pipette for 2-3 minutes and
centrifuged at 1,000 RPM. The sediment was
washed once with RSS, suspended in 5 ml. of
the culture medium and the entire volume
transferred into a 3 oz. bottle. The cultures were
incubated at 28° C.

Culture medium, used by Mitsuhashi and
Maramorosch'" for leafhopper tissue culture, was
used in the present study. This culture medium
consisted of 20 mg. NaH2P04H20; 10 mg.
MgCI26H20; 20 mg. KCI; 20 mg. CaCI22H20; 700 mg.
NaCI; 12 mg. NaHC03; 400 mg. d-glucose; 650 mg.
lactalbumin hydrolysate; 500 mg. yeastolate; 20
ml. fetal bovine serum; 1.5 ml. of mixture of
penicillin and streptomycin (to give 1,000 units of
penicillin and 1.0 mg. streptomycin per ml.), and
78.5 ml. of glass distilled water. Fetal bovine
serum and antibiotics were added after the rest
of the medium was filtered through a millipore
filter (size 0.22 u). The pH of the complete
medium was 7.0.
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Two days after the cultures of A. albopictus
were set up, most of the cells were attached to the
glass surface and were found multiplying. The
number of cells continued to increase and a com-
plete monolayer was formed by the end of two
weeks. Two to three weeks after the cultures
were set up the floating tissue fragments were
removed and the first subculture of the attached
cells was made. In the subsequent passages com-
plete monolayers were formed within seven days
and the subcultures were made every week. The
subcultures of cells were made as follows: The
cells in the bottles for subculturing were washed
twice with 2-5 ml. of 0.1% trypsin in RSS and
incubated at 37° C. for 2-3 minutes. One ml. of
RSS was added to the bottle and the cells were
removed by gentle pipett ing. The cells were sus-
pended in 10-20 ml. of fresh medium mixed with
5-10 ml. of old medium and seeded into three to
six 3 oz. bottles. The cells attached immediately
and started to proliferate within 24 hours. Three
cultures of cells of A. aiooinetus were set up at
different times and all the three cultures have
undergone several passages. First culture is in
the 15th passage, the second in the IOth passage
and the third in the 8th passage.

Mainly three morphological types of cells were
observed in the A. albopictus cultures. The predo-
minant cell type was noted to be round and 6-20 u
in diameter and the next common type was
spindle-shaped measuring 7-10 u wide and 15-90 u
long. The third type of cell was binucleated,
round and 37-53 u in diameter (Figs. 1,2). Their
exact relationship, if any, to each other is not
known.

The same technique of tissue culture was used
for cultures of A. aegypti cells. The growth pattern
of these cells was different from that of A. albopic-
tus. Three days after the cultures were set up.
small hollow vesicles developed at the cut ends of
the tissue fragments and continued to increase in
size and number (Fig. 4). These vesicles appeared
to consist of monolayers of epithelium like cells.
Very few cells were found attached to the glass
surface and therefore very little growth on the
glass wall ofthe containers was observed. Eight to
ten days after the cultures were set up, the floating
tissue fragments with hollow vesicles were
removed and cut into small pieces and seeded into
new bottles. Within two days a large proportion of
the cell masses attached themselves to the glass
wall but the floating tissue fragments again
developed hollow vesicles. Over the next week the
number .of cells sticking to the glass as well as
those of the hollow vesicles increased. Two weeks
after the seeding of the cultures the floating tissue
fragments with hollow vesicles were removed and
the first subculture of the attached cells was
made. Subsequent cultures were made at inter-
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Fig. 1. Cell sheet of A. albopictus culture. x 90.
Fig. 2. Different types of A. albopictus cultures. Phase contrast. x 350.
Fig. 3. Cells showing mitosis in culture of A. albopictus Feulgen staining with light green counter-stain, x 1,150.
Fig. 4. Hollow vesicles developing at each end of a piece of larval tissue. A. aegypti, x 50.
Fig. 5. Cell sheet of A. aegypti cultures, x 100.
Fig. 6. Cells showing mitosis in culture of A. aegypti Feulgen staining with light green counter-stain, x 1,200.

vals of one to two weeks depending upon the
growth of the cells. The cells attached themselves
to the glass immediately and were found prolifera-
ting within 24 hours.

Four such cultures of cells of A. aegypti larvae
were set up. One was lost due to contamination in
the 11th passage and another in the 7th passage. Of
the remaining, one is in the 15th passage and the
other in the 4th passage. These cultures mainly
consisted of an epithelial type of cells (Fig. 5) and
even after many subcultures still have a tendency
to form hollow vesicles and occasionally tube-like
structures.

Many mitotic figures, some showing diploidy or
polyploidy, were seen in cultures of both species
(Figs. 3 and 6).

These established cell cultures of A. albopictus
and A. aegyptican be maintained with 10% fetal

bovine serum in the medium. The cultures are
now being adapted to medium 199 and minimum
essential medium (Eagle) with 10% fetal bovine
serum. A few subcultures havebeen made without
any apparent ill-effect on the cells. Further
studies on the growth of these cell cultures in
different media and their susceptibility to
different viruses are in progress.

I thank Drs T. Ramachandra Rao and C.R. Anderson for
their advice. The technical assistance of Mr. U. K. Murty
Bhat is acknowledged.

1. Grace, T. D. C., Nature, 1966,211,366.
2. Kitamura, S., Kobe J. Med Sci., 1966, 12,63.
3. Trager, W.,Amer. J. Trop. Med., 1938, 18,387.
4. Ball, G. H., Exp. Parasitol., 1954,3,358.
5. Backel, W. E., Nature, 1956, 177,534.



CLASSICS IN INDIAN MEDICINE

6. Peleg, J. and Trager, W.. Amer. J. Trop. Med. and Hyg.,
1963, 12, 820.

7. -, Nature, 1965,206,427.
8. -. Experientia. 1966, 22, 555.

303

9. White. G. F .. J. Parasit .. 1931, 18. 133.
10. Mitsuhashi. J. and Maramoroseh. K.. Contrib. Boyce

Thompson Inst.. 1964.22.435.

SINGH'S CELL LINE IN ARBOVIRUS RESEARCH

The importance of the cultivation of insect cells in
vitro was realised as early as 1915 when Goldschmidt
maintained the testicular tissue of the Cercopia moth
to study spermatogenesis. I Subsequent attempts at
growing insect cells in vitro. met with limited success.
It was not until 1962. when Grace. working in the
CSIRO laboratories in Canberra. Australia. succeeded
in establishing a continuous cell line from a moth.
Antheraea eucalypti." Grace's study resulted in a
large number of continuous cell lines from a variety
of insects being established in the following decade."
Grace's technique. however. had one main disadvant-
age. His medium contained insect haemolymph as
one of the components. which was not easy to obtain
and had a very short shelf-life. The first major break-
through to overcome this difficulty was achieved by
Horikawa and Fox who grew Drosophila cells in a
medium free from insect hacrnolyrnph.:' A continuous
cell line still eluded them.

Singh's continuous cell lines were established from
the species of mosquitoes. Aedes albopictus and
Aedes aegypti, in a medium in which insect
haemolymph was replaced with foetal calf serum
(FCS).s FCS is relatively easy to procure because of
its regular use in many vertebrate cell lines. Prior to
Singh's two cell lines. Grace had reported a cell line
from the ovarian tissue of Aedes aegypti grown in a
medium supplemented with the haemolymph of the
moth Anthereae eucalypti." Subsequently it was
shown hy serological and karyological studies that
these cells actually came from the haemolymph of
Anthereae eucalypti. J Thus. the credit for the estab-
lishment of first mosquito cell lines rightly goes to
K. R. P Singh.

Soon after Singh's success. a number of cell lines
from different species of mosquito. mostly employing
his technique. were established.' Some of these also
had a higher susceptibility to arboviruses. However.
his Aedes albopictus cell line. which has come to be
known as Singh's cell line. continues to be used
extensively because it is a rapidly growing cell line
and easy to maintain. It has also been shown to be
highly susceptible to the multiplication of a large
number of arboviruscs and produces a distinctive
cytopathic effect when infected with some of the
flavivi ruses. 8

Singh's cell line has found applications in the dia-
gnosis. detection and isolation of the mosquito-borne
viruses such as dengue. ehikungunya. Japanese
encephalitis, West Nile and several other infections
not encountered in India. Apart from mosquito-borne
viruses. this cell line also supports the multiplieation
of a number of viruses transmitted by ticks and
culicoides.

One of the most important features of Singh's cell
lines is the development of a 'carrier culture' state
with many arboviruscs including dengue. Japanese
encephalitis and chikungunya." The carrier culture
occurs when the cell line remains continuously infected
in subsequent passages. It has also heen shown that
the virus in a carrier culture loses its virulence for
laboratory animals. thus opening the possibilities for
the development of a vaccine .10 It is a pity that this
aspect has not been fully exploited.

Singh's cell line received further support when
Igarashi developed the Co36 clone which has an even
higher susceptibility to some of the arboviruses.!'
This clone is increasingly being used hy arbovirologists
as it consists of homogeneous cells.

Singh has thus provided an invaluable tool not only
to arbovirologists, hut also to cell biologists and
insect physiologists for studies on karyology. insect
endocrinology. insect genetics and insecticides.

VIlAIDHANDA
National Institute of Virology
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