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SUMMARY 

Seven mosquito cell lines from five species (Aedes aegypti, Ae. albopictus, Ae. 

pseudoscutellaris, Culex tarsalis, and Toxorhynchites amboinensis) were adapted to three 
kinds of serum-free media (SEM}, which were composed of equal volumes of tryptose 
phosphate broth and of either Leibovitz (L15j medium, Eagle 's  minimum essential 
medium, or Medium 199 with Hanks '  salts. Population growth rates of the cells cultivated 
in the SMFs were generally slower than those of original cell cultures maintained in con- 
ventional media containing bovine sera. A karyological study showed a significant shift to 
heteroploidy in two of the four cell lines examined. Four SMF-adapted  sublimes were com- 
pared with parental cultures for replication of dengue viruses. Ae. aegypti RML-12, Ae. 

albopictus C6/36, Ae. pseudoscutellaris AP-61, and Tx. amboinensis TRA-171 
demonstrated different levels of alteration in virus replication ranging from lower titers {as 
in Ae. albopictus C6/36~ to comparable or higher titers {as in Ae. aegypti RML-12) when 
they were simultaneously inoculated with four dengue serotypes. 
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INTRODUCTION 

Bovine serum, in particular fetal bovine serum 
(FBSk is an important component of growth 
media for most animal cell cultures. However, be- 
cause it is expensive and requires strict quality 
control, many laboratories in countries of the 
tropics, where dengue is endemic, often cannot 
obtain good quality sera in the volume required. 
I t  is, therefore, desirable to grow cells in inexpen- 
sive serum-free media {SFM), so long as the ceils 
are not adversely altered through cellular adapta- 
tion to SFM. In arbovirus research, the most im- 
portant trait of cultured cells is susceptibility to 
viral infection. Although mosquito cells have been 
cultured previously in SMF (1-3), little is known 
about the changes in susceptibility to arbovirus 
infection in these cells. Recently, I found that a 
sublime (TRA-284-SF) from a nonbiting mos- 

quito, Toxorhynchites amboinensis, adapted to a 
SMF was as sensitive to dengue virus infection as 
the parental cell culture maintained in a conven- 

tional medium containing a bovine serum (4). 
Another advantage of the use of S F M  is the 

lack of interfering substances in virological or 

physiological experiments. For example, arbo- 
virus antibodies may be found in bovine serum, 
inasmuch as some viruses are known to be 
naturally transmitted to bovine species. Also, 
bovine serum may possess enzyme activity that 
interferes with physiological studies of mosquito 
cells in vitro (5). The purpose of this study was to 
adapt several mosquito cell lines to SFMs and to 
determine whether changes in cell line charac- 

teristics occur. 

MATERIALS AND METHODS 

Mosquito cell cultures. The following cell lines 
{at more than 50 passage levels) were used for 
adaptation to SMFs and for virus replication 
study. (a) _de. albopictus Clone C6/36 (hereafter 
called AAL-C6/36) {6) was maintained at 28 ~ C 
in Eagle's minimum essential medium {MEM) 
containing 10% heat-inactivated FBS, 0.2 m M  
nonessential amino acids, and 0.2 m M  L- 
glutamine. {b)Ae. pseudoscutellaris {AP-61) (7) 
was maintained in Mitsuhashi-Maramorosch/  
Varma-Pudney (MM/VP12)  medium {8). {c) Ae. 
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aegypti {RML-12) {2) was maintained in 
Leibovitz' (L15) medium containing 20% FBS 
and 10% tryptose phosphate broth (TPB) (C. E. 
Yunker, personal communication). (d) Tx. 

amboinensis (TRA-171) (9) was maintained in 

MM/VP12  medium. 
In addition, the following three cell lines were 

cultured in the SFMs, and the processes of 
adaptation were studied. These cell lines were 
used only for evaluating the applicability of the 
SFMs to other mosquito cells but not for testing 
the susceptibility to virus infection. Those cell 
lines were originally maintained in either the M M  
or the MM/VP12  medium. (e) Ae. aegypti {AGY- 
101) by Kuno {unpublished), {f) Ae. aegypti 

{ATP-10) by Singh (10), and (g) Culex tarsalis by 
Chao and Ball (2). 

Adaptation to SFM. All mosquito cell lines 
were initially adapted to a SFM composed of 
equal volumes of L15 medium and TPB (here- 
after called SFM-L medium). The dehydrated 
TPB {Difco, Detroit, MI)  was dissolved in dis- 
tilled water (29.5 g/l) and autoclaved before 
mixing. Initially, one-third of the original growth 
medium was replaced at irregular intervals (1 to 
3 wk) with the SFM-L medium for 3 passages 
(with 1:2 splitk until sublines completely adapted 
to the SFM-L medium were obtained in 3 to 
12 wk. When the above procedure failed, as in the 
cases of AAL-C6/36, AGY-101, APT-10, and 
Culex tarsalis cells, after two-thirds of the original 
media had been replaced with the SFM-L 
medium, the cells were subcultured at weekly 
intervals for 4 to 8 wk in the medium consisting of 
1 part original medium and 9 parts SFM-L 
medium. After the original media were totally re- 
placed with the SFM-L medium, the cell cultures 
were split 1:2 for several passages at irregular 
intervals ranging from 1 to 3 wk until the cultures 
could be split 1:3 to 1:5 at weekly intervals. Once 
the ceils were subeultured in the SFM-L medium 
more than 15 times, they were grown in two other 
SFMs in which L15 medium was replaced with 
either M E M  {hereafter called SFM-E medium) or 
Medium 199 with Hanks '  salts {hereafter called 
SFM-H medium). 

Cell line characteristics. The changes in charac- 
teristics of cell lines after adaptation to SFM were 
studied with respect to cell morphology, growth 
curve, chromosome number, and dengue virus 
replication. For the growth curve study, one 
million cells were seeded per flask {25 cm~), and 

the viable cell population excluding trypan blue 
dye was determined daily with the use of the 

hemocytometer. For  karyological study, cell cul- 
tures were treated with Colcemid (0.1 ~g/ml) for 
18 h, and chromosome numbers of 100 nuclei 
were counted, according to the method of 
Schneider (11). 

Viruses and titration. Four  serotypes of dengue 
viruses adapted to cell culture and kept at the San 
Juan Laboratories were used. They were D E N  1 
(HawaiiD-one monkey, one mosquito, and 
17 LLC-MK2 cell passages; D E N  2 (New Guinea 
"C") -24  suckling mouse, 6 LLC-MK2 cell, and 2 
Vero cell passages; D E N  3 (PR-6)-13 suckling 
mouse and 2 TRA-171 cell passages; and D E N  4 
( H-54157)-2 TRA- 171 cell passages. Viruses were 
inoculated into the parental and the correspond- 
ing sublines, cultured more than 20 times in either 
SFM-L or SFM-E medium at a multiplicity of 
infection of 0.1 plaque-forming unit ~PCU)/cell, 
and incubated at 28 ~ C for 7 d with 5 ml of main- 
tenance medium. The maintenance medium used 
for the parental cultures was the conventional 
medium containing 2% FBS, whereas that for the 
cultures adapted to S F M  was the SFM-L or 
SFM-E medium. 

Extracellular virus titers in the supernatant 
fluids collected on the 7th d after inoculation were 
plaque-assayed in the rhesus monkey {LLC-MK2) 

cell cultures, according to the method of Eckels et 
al. (12). Two replicate cultures were prepared per 
virus per cell line (or subline), and the test was 
conducted twice. 

RESULTS 

Adaptation to SFM. Adaptation to the SFM-L 
medium was most rapid in the TRA-171 cell line, 
which required less than 5 wk before weekly sub- 
culture was possible. Adaptation of the RML-12 
and AP-61 cells took 8 to 10 wk, respectively. The 
remaining cell lines IAAL-C6/36, ATP-10, AGY- 
101, and Culex tarsalis) all required periods rang- 
ing from 3 to 6 months for adaptation. In  general, 
the growth rate of most cell lines dropped con- 
siderably between the 3rd and 8th passage in the 
SFM, making weekly or twice-weekly 1:2 
splitting difficult. During the above slow growth 
phase, weekly change of spent media was essen- 
tial for the survival of cells. The four cell lines 
(AAL-C6/36, AP-61, RML-12 and TRA-171) 
adapted to S F M  were subcultured more than 40 
times, and the remaining cell lines were subcul- 
tured 16 to 25 times. 

Morphological changes. The cells of the AAL- 
C6/36 and RML-12 cell lines adapted to the 
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S F M - L  m e d i u m  (hereaf ter  called A A L - S F L  a n d  in size (Fig. 1 B, FD t h a n  those  in the  cor respond-  

R M L - 1 2 - S F L  subl ines ,  respectivelyj  were  larger  ing pa ren t a l  cu l tures  {Fig. 1 A, E~. 

FIG. 1. Morphology of four mosquito cell lines and their sublines grown in a serum-free medium. 
Phase contrast: x60. A, Aedes albopictus (C6/36~ cells in a conventional medium; B, a subline of the 
C6/36 cells in a serum-free medium (SFM-LD; C, Aedes pseudoscutellaris (AP-61~ cells in a conven- 
tional medium; D, a subline of the AP-61 cells in a serum-free medium (SFM-LD; E, Aedes aegypti 
(RML-12) cells in a conventional medium; F, a subline of the RML-12 cells in a serum-free medium 
(SFM-L~; G, Toxorhynchites amboinensis ~TRA-171t cells in a conventional medium; H, a subline of 
the TRA-171 cells in a serum-free medium (SFM-LD. 
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The  cells in the AP-61 and TRA-171 cell lines 

adapted to the S F M - L  medium (hereafter called 

AP-61-SFL and T R A - 1 7 1 - S F L  sublines, respec- 

tively) were predominant ly  composed of shorter 

fibroblastl ike cells (Fig. 1 D, H) than those in 

the corresponding parental  cultures (Fig. 1 C, G). 

Fur thermore ,  single-cell vesicles were produced 

approximately  tenfold more frequently in the AP- 

61-SFL and TRA-171-SFL  cultures than in the 

parental  cultures. For  each cell line, no morpho-  

logical differences were found among  the three 

kinds of sublines (hereafter called SFL,  S F E ,  and 

S F H  sublines, respectively) mainta ined in the 

SFM-L ,  S F M - E ,  or  S F M - H  medium.  

In the AGY-101 and Culex tarsalis cell lines 

adapted to the S F M - L  medium,  numerous vesi- 

cles that did not  appear  in the parental  cultures 

developed in the SFM-adap ted  cultures. 

Growth curve. Growth rates of only four cell 

lines (AAL-C6/36;  AP-61; RML-12;  and T R A -  

171) were studied. As shown in Fig. 2, growth of 

all SFM-adap ted  cells was slower than that  of the 

corresponding parental  cells, and the highest cell 

populations in the former cells never reached 

those in the latter cells. Between the S F L  and 

S F E  sublines, basically similar growth rates were 

obtained for three cell lines (Fig. 2 A, B, D).  In 

the RML-12  cell line, a higher cell populat ion was 

consistently obtained after 4 d in the S F E  subline 

(Fig. 2 C). The  initial drop in cell population was 

consistently observed in the AP-61-SFL cells 

(Fig. 2 B). 

Chromosome number. To determine whether  

the cells adapted to the S F M s  were different from 

the cells in the parental  cultures, chromosome 

numbers  of four cell lines were analyzed. As 

shown in Table  1, basically little change was 

noted in the AAL-C6 /36  and AP-61 cell lines, 

whereas a shift to greater heteroploidy was found 

in the RML-12  and TRA-171 cell lines. 

Viral replication. The results of comparat ive  

dengue virus replication in parental  cell lines and 

the corresponding S F L  sublines are shown in 

Table  2. Virus titers were mostly lower for all 

dengue serotypes in the A A L - C 6 / 3 6 - S F L  and AP- 

61-SFL sublines than the titers obtained in the 

parental  cultures. In the RML-12  cell line, how- 

ever, the virus titers in the S F L  subline were com- 

parable to those in the parental  cell line. In the 

TRA-171 cell line, the virus titers of D E N  1 and 

D E N  3 in the two cultures were comparable ,  

whereas titers of D E N  2 and D E N  4 were lower 

in the S F L  cultures than in the parental  cultures. 

The  difference in virus titer in a given parental  

cell culture varied by as much as one log f rom test 

to test, whereas that  in a given S F L  subline varied 

by as much as 2.7 log (Table  2). 

When S F M - E  medium was used instead of 

S F M - L  medium,  again virus titers of all dengue 

serotypes in the S F E  subline were lower than the 

values in the parental  cultures in the AAL-C6 /36  

cell line (Table 3). Similarly,  virus titers in the 

S F E  sublines of the AP-61 and TRA-171 cell lines 

were either comparable  or  lower, depending on 

the serotype. The  RML-12  cell line, on the other  

hand,  had D E N  1 and D E N  2 virus titers, which 
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FIG. 2. Growth curves of four mosquito cell lines and 
their sublines adapted to serum-free media. A, Aedes 
albopictus (C6/36) cells. AAL-C6/36 ( - - �9  - -  
Parental cells grown in a conventional medium; AAL- 
C6/36-SFL ( - - O - - )  - -  cells grown in a serum-free 
medium containing L15 (SFM-L); AAL-C6-36-SFE 
(--| - -  ceils grown in a serum-free medium containing 
MEM (SFM-E). B, Ae. pseudoscutellaris (AP-61) cells. 
AP-61 ( - -O--)  - -  Parental cells grown in a conventional 
medium; AP-61-SFL ( - - o - - )  - -  cells grown in the 
SFM-L medium; AP-61-SFE (- - |  - -  cells grown in 
the SFM-E medium. C, Ae. aegypti (RML-12) cells. 
RML-12 ( - -O--)  - -  Parental cells grown in a conven- 
tional medium; RML-12-SFL (-- �9 - - )  - -  cells grown in 
the SFM-L medium; RML-12-SFE (- -O--)  - -  cells 
grown in the SFM-E medium. D, Toxorhynchites 
amboinensis (TRA-171) cells. TRA-171 l - - |  - -  Par- 
ental cells grown in a conventional medium; TRA-171- 
SFL ( - - 0 - - )  - -  ceils grown in the SFM-L medium; 
TRA-171-SFE ( - - |  - -  cells grown in the SFM-E 
medium. Each point indicates geometric mean titer and 
vertical bar indicates standard error of mean (n=4). 
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TABLE 1 

CHROMOSOME NUMBER OF FOUR MOSQUITO CELL LINES CULTURED WITH A CONVENTIONAL 
MEDIUM OR WITH A SERUM-FREE MEDIUM CONTAINING L15 MEDIUM (SFM-L) 
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Percentage of Nuclei With the Following Number of Chromosomes 

Cell Line or SubliMe a 6 8 9 10 12 14 16 18 20 22 24 24 

AAL-C6/36 b 98 2 
AAL-C6/36-SFL SubliMe 96 4 

AP-61 c 12 1 10 2 25 8 17 10 1 5 4 5 
AP-61-SFL SubliMe 30 1 6 26 1 6 18 6 6 

RML-12 a 92 6 2 
RML-12-SFL SubliMe 46 7 4 3 28 1 3 7 1 

TRA-171 e 84 2 8 6 
TRA- 171-SFL SubliMe 62 6 28 2 2 

a All parental cell lines were grown in conventional media containing FBS. All subliMes were grown in a serum-free 
medium (SFM-L). 

b Igarashi's Clone C6/36 of Singh's Aedes  albopictus cells. 
c Ae. pseudoscutellaris cells by Varma and Pudney. 
d Ae. aegypti cells by Bhat. 
e Toxorhynchites amboinensis cells by Kuno. 

were tenfold higher  in the SFE  subliMes and titers 

of D E N  3 and D E N  4 which in turn  were com- 

parable  to those in the parental  cell cultures.  The 

difference in virus t i ter  in a given parenta l  cell cul- 

ture varied by as much as 2 log f rom test to test, 

whereas that  in a given SFE subliMe varied by as 

much as 3.5 log. 

D ISCUSSION 

One approach to developing S F M  is to substi- 

tute animal  sera with essential  growth factors or 

protein fraction such as bovine a lbumin,  or both.  

In mammal i an  cell cultures,  some of the growth 

factors in bovine serum, such as insulin, trans- 

ferrin,  and  selenium, have  been identif ied and 

used successfully in S F M s  (13}. However ,  the ef- 

fects of the above growth  factors on insect cells are 

not  well known.  On the other  hand ,  the impor- 

tance of bovine a lbumin on insect cell growth has 

been studied (14k and  it has  been used as a com- 

ponent  of S F M  for o ther  mosqui to  cell lines i 1). 

Other  less expensive materials ,  such as lact- 

a lbumin hydrolysate,  peptone,  T P B ,  and yeasto- 

late, have also been used in the prepara t ion  of 

TABLE 2 

DENGUE VIRUS REPLICATION IN FOUR MOSQUITO CELL LINES CULTURED WITH A CONVENTIONAL 

MEDIUM ( c n ~  OR WITH A SERUM-FREE MEDIUM CONTAINING L15 MEDIUM (SFM-L) 

Cell Line 

Type of Extrace|lular Virus Titer {Log PFU/ml} 
Medium DEN 1 DEN 2 DEN 3 DEN 4 

AAL C6/36 a CM b 6.3 (5.8-6.7) c 5.2 {4.8-5.5) 3.2 (2.8-3.5} 6.5 (6.1-6D) 
SubliMe (SFL) SFM-L 4.0 (3.0-5.0} 4.2 (3.9-4.6} 2.0 (2.0-3.0) 4.9 (4.2-5.5} 

AP-61 d CM e 6.3 (6.2-6.6) 5.8 (5.3-6.4) 3.9 (3.4-4.1} 6.1 (5.3-7.2) 
SubliMe (SFL} SFM-L 4.9 {4.5-5.3) 5.0 (4.6-5.2) 2.9 (2.4-4.2} 5.1 (4.1-5.9~ 

RML-121 SM g 5.5 (5.2-5.7) 5.7 (5.4-6.5} 3.4(2.7-3.8~ 5.4(4.1-6.5) 
Subline (SFL} SFM-L 5.5 (4.5-6.0} 5.9 (4.7-7.2} 3.7 (3.3-4.3} 4.4 (3.7-5.1 

TRA-171 h CM e 5.8 ~5.2-6.4} 5.8 (5.4-6.2~ 4.5 (4.0-4.6} 6.5 (6.3-6.9} 
Subline (SFL) SFM-L 5.4 (5.2-5.7} 4.4 (3.0-5.7) 4.6 (3.2-5.4} 4.9 (4.0-5.6} 

a Igarashi's Clone C/6/36 of Singh 'sAedes  albopictus cells. 
b Eagle's M E n  supplemented with 10% FBS, 0.2 mM nonessential amino acids, and 0.2 mM L-glutamine. 
c Geometric mean log titer in four replicate cultures in two tests. The numbers in parentheses indicate ranges. 
d Aedes pseudoscutellaris (AP-61) of Varma and Pudney. 
+ MM/VP12 medium containing 15% FBS. 
I Aedes aegypti (RML-12} of Bhat. 
g L15 medium containing 20% FBS and 10% tryptose phosphate broth. 
h Toxorhynchites amboinensis (TRA 171 ) of Kuno. 
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TABLE 3 

DENGUE VIRUS REPLICATION IN FOUR MOSQUITO CELL LINES CULTURED WITH A CONVENTIONAL 

MEDIUM (CMJ OR A SERUM.FREE MEDIUM CONTAINING EAGLE'S M E M  (SFM-E) 

Cell Line 

Type of Extracellular Virus Titer (Log PFU/ml) 

Medium DEN 1 DEN 2 DEN 3 DEN 4 

AAL-C6/36 a CM b 6.3 (5.8-6.7) c 5.6 (5.1-5.9) 3.4 (3.2-3.9) 7.3 (6.1-7.8) 
Subline (SFE) SFM-E 5.5 (4.8-6.0) 3.8 (3.1-4.1) 2.0 (2.0-2.0) 4.3 (2.5-6.0) 

AP-61 d CM e 6.0 (5.5-6.5) 5.3 (4.8-5.8) 3.5 (2.4-3.9) 5.8 (5.1-6.7) 
Subline (SFE) SFM-E 5.0 (4.2-5.6) 5.3 (4.4-5.8) 1.4 (2.0-2.8) 5.7 (5.1-6.5) 

RML-12 f CM g 4.2 (4.0-4.5) 4.0 (3.9-4.2) 4.2 (3.3-5.3) 5.5 (5.0-6.0) 
Subline (SFE) SFM-E 5.4 (4.9-5.6) 5.0 (4.6-5.4) 4.1 (3.3-4.9) 5.5 (4.8-5.9) 

TRA-171 h CM e 5.3 (5.1-5.5) 5.1 (4.9-5.2) 3.8 (3.5-4.3) 5.9 (5.2-7.1) 
Subline (SFE) SFM-E 4.2 (4.1-4.5) 4.2 (3.9-4.6) 3.7 (2.8-4.4) 5.4 (4.2-6.4) 

a Igarashi's Clone C6/36 of Singh's A edes albopictus cells. 
b Eagle's M E n  supplemented with 10% FBS, 0.2 mM nonessential amino acids, and 0.2 mM L-glutamine. 
c Geometric mean log titer in four replicate cultures in two tests. The numbers in parentheses indicate ranges. 
d Aedes pseudoscutellaris (AP-61) of Varma and Pudney. 
e MM/VP12 medium containing 15% FBS. 
~Aedes aegypti (RML-12) of Bhat. 
g L15 medium containing 20% FBS and 10% tryptose phosphate broth. 
h Toxorhynchites amboinesis (TRA 171 ) of Kuno. 

SFM for insect cells (2,3). Exact cost comparison 

of media using different bovine serum substitutes 

is difficult because many factors (formulation, 

economic conditions, and commercial practices) 

are variable. In a recent study, however, it was 

found that TPB was less expensive than either al- 

bumin or bovine sera for the preparation of the 

same volume of growth medium for mosquito cell 

culture (4). Because the cells adapted to the SFM- 

L medium were readily grown in the other SFMs 

by the substitution of L15 medium with other 

common mammalian cell culture media, it may be 

possible to reduce the cost of mosquito cell culture 

media further by adapting the cells to SFMs con- 

taining less expensive basal media than those 

studied in this report. 

This study has shown that even though mos- 

quito cell lines are easily adapted to SFM, cell 

growth is slower, a disadvantage if a rapid cell 

growth is desirable. For arbovirus replication, 

however, rapid cell growth is not always essential, 

as evidenced by the common practice of using 

maintenance media containing reduced amount of 

bovine sera, after infection. Therefore the slower 

cell growth in the SFn-adap ted  mosquito cells is 

not necessarily unfavorable for virus studies. 

With respect to the level of virus replication in 

mammalian cells grown in SFM, Weiss et al. (15) 

reported that several enteroviruses, adenoviruses, 

and herpes viruses replicated to titers comparable 

to those obtained in conventionally grown cells, 

using primary baboon kidney cells. Similarly, 

shaker cultures of BHK-21 cells adapted to a 

SFM were found to support the replication of 

DEN 2 virus to high titers (16). Although there 

exist at least a few mosquito cell lines adapted to 

SFM (1-3), most of the studies on viral replica- 

tion in insect cell cultures adapted to SFM have 

been conducted in moth cells using nuclear poly- 

hedrosis viruses (17). Recently, a SFM containing 

bovine albumin was used as a maintenance 

medium for the propagation of dengue viruses in 

the AAL-C6/36 cells (18), but the long-term ef- 

fects of that SFM on the cell growth and viral 

replication are not known. A recent study showed 

that a subline (TRA-284-SF) from a nonbiting 

mosquito, Tx. amboinensis, grown in the SFM-L 

medium was as equally effective for dengue virus 

replication as the parental cell cultures (4). In the 

present study, a similar result was obtained in the 

RML-12 cell line. However, not all attempts to 

adapt mosquito cell lines to SFM result in reten- 

tion of the same levels of dengue virus replication, 

because this study demonstrated various degrees 

of reduction in the viral replication in the other 

SFM-adapted mosquito cell lines, depending on 

cell line and virus serotype. Furthermore, greater 

variations in virus titer obtained in the SF sub- 

lines from test to test suggest inconsistency in 

viral replication at least in some of the sublines 

tested. Whether or not the aforementioned 

changes in the levels of viral replication are due to 

instability in physiological conditions of cells by 

adaptation to SFM, heterogeneity of cell popula- 
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tion with respect to susceptibility to virus infec- 

tion, or  selection of groups of cells with virus sus- 

ceptibility different from that  of parental  cell cul- 

tures is not  known. 

Although the periods for adaptat ion var ied con- 

siderably, essentially all cell lines could be 

adapted to the S F M - L  medium. Inasmuch  as 

many mosqui to  cell lines are maintained in the 

conventional  media used in this study or  the 

media similar to them, it is possible that  many 

other mosqui to  cell lines not  used in this investiga- 

tion are adaptable  to the S F M s  prepared in this 

study. On the other  hand,  inasmuch as the 

changes in other  cell characteristics, such as cell 

morphology,  chromosome number ,  and suscepti- 

bility to virus infection, were recognized in some 

cell lines after adaptat ion to SFM,  care must  be 

exercised before using SFM-adap ted  mosqui to  

cell cultures for experimentat ion to ascertain that  

the important  traits for a part icular  study were 

not adversely affected through the process of 

adaptation.  

REFERENCES 

1. Kitamura, S.; Iwai, T.; Grace, T. D. C. Adapta- 
tion of two mosquito cell lines to medium free of 
calf serum. J. Med. Entomol. 10:488 489; 1973. 

2. Hink, W. F. A compilation of invertebrate cell lines 
and culture media, naramorosh, K. ed. Inverte- 
brate tissue culture, research applications. New 
York, San Francisco, London: Academic Press; 
1976: 319-369. 

3. Pant, U. Serum free subline of Culex bitaenio- 
rhynchus ~APT-415~ cell line. Annual Report 
1980. P~me, India: National Institute of 
Virology; 1981: 97. 

4. Kuno, G. Dengue virus replication in a polyploid 
mosquito cell culture grown in serum-free 
medium. J. Clin. Microbiol. 16: 851-855; 1982. 

5. Cohen, E. Acetylcholinesterase activity in an Aedes 
aegypti cell line. Experientia 37: 429-430; 1981. 

6. Igarashi, A. Isolation of a Singh's Aedes albopictus 
cell clone sensitive to dengue and chikungunya 
viruses. J. Gen. Virol. 40: 531-544; 1978. 

7. Varma, M. C. R.; Pudney, M.; Leake, C. J. Cell 
lines from larvae of Aedes (Steogomyia) 

malayensis Colless and Aedes {S.) pseudo- 
scutellaris {Theobald} and their infection with 
some arboviruses. Trans. Roy. Soc. Trop. Med. 
Hyg. 68(5): 374-382; 1974. 

8. Varma, M. C. R.; Pudney, M. The growth and 
serial passage of cell lines from Aedes aegypti (L. 
larvae in different media. J. ned .  Entomol. 6: 
432-439; 1969. 

9. Kuno, G. A continuous cell line of a nonhemato- 
phagous mosquito, Toxorhynchites amboinensis. 
In Vitro 16 i l l  j: 915-917; 1980. 

10. Singh, K. R. P. Cell cultures derived from larvae of 
Aedes albopictus (Skuse) and Aedes aegypti (L.). 
Curr. Sci. 36: 506-508; 1967. 

11. Schneider, L. Karyology of cells in culture. 
F. Characteristics of insect cells. Kruse, P. F., 
Jr.; Patterson, n .  K., Jr. eds. Tissue culture: 
methods and application. New York and 
London: Academic Press; 1973: 788-790. 

12. Eckels, K.; Brandt, W.E . ;  Harrison, V.R. ;  
McCown, J . M . ;  Russell, P . K .  Isolation of 
temperature-sensitive dengue-2 virus ~mder 
conditions suitable for vaccine development. 
Infect. Immun. 14: 1221-1227; 1976. 

13. Barnes, D.; Sato, G. Methods for growth of cul- 
tured cells in serum-free medium. Anal. 
Biochem. 102: 255-270; 1980. 

14. Kuno, G.; Hink, W. F.; Briggs, J. D. Growth- 
promoting serum proteins for Aedes aegypti ceils 
cultured in vitro. J. Insect Physiol. 17 il0~: 
1865-1879; 1971. 

15. Weiss, S.A.;  Lester, T .L . ;  Kalter, S.S. ;  
Heberling, R. L. Chemically defined serum-free 
media for the cultivation of primary cells and 
their susceptibility to viruses. In Vitro 16: 
616-628; 1980. 

16. Malewicz, B.; Jenkin, H. M. Cuhivation of dengue 
virus type 2 in baby hamster kidney ceils in 
serum-free medium. Am. J. Trop. Med. Hyg. 28 
(51: 918-920; 1979. 

17. Goodwin, R. H.; Adams, J. R. Nutrient factors in- 
fluencing viral replication in serum-free insect 
cell line cuhure. Kurstak, E.; naramorosch, K.; 
Dubendorfer, A. eds. Invertebrate systems in 
vitro. Amsterdam: Elsevier/North-Holland Bio- 
medical Press; 1980: 493-509. 

18. Gentry, M. K.; Henchal, E. A.; McCown, J. M.; 
Brandt, W. F.; Dalrymple, J. M. Identification 
of distinct antigenic determinants on dengue-2 
virus using monoclonal antibodies. Am. J. Trop. 
Med. Hyg. 31 (3): 548-555; 1982. 

I thank Mr.  A. Oliver of the San Juan  Laborator ies  for his assistance in 

chromosome preparation.  Also, I am grateful  to Drs.  S. M. Buckley and R.  

Tesh of Yale Universi ty School of Medicine,  New Haven,  Connecticut;  Dr.  

M. Race of Car ibbean Epidemiology Centre,  Por t  of Spain, Tr inidad;  Dr.  

C. E. Yunker  of the Washington State Universi ty,  Pul lman,  Washington;  and 

Dr.  J. Hardy  of the Universi ty of California,  Berkeley, California,  for the 

gifts of APT-10,  AAL-C6/36 ,  AP-61, RML-12 ,  and Culex tarsalis cells, 

respectively. 

Use of trade names and commercial  sources is for identification only and 

does not constitute endorsement  by the Publ ic  Heal th  Service or by the U.S.  

Depar tment  of Heal th  and H u m a n  Services. 


