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Abstract-Cultured carrot cells were treated with a known mutagenic compound, N-methyl-N’-nitro-h’-nitroso- 
guanidine, and plated on a nutrient agar medium. Four variant cell lines whose pigmentation properties differed 
from stock calluses have been isolated. The contents of major carotenoid components, p-carotene and lycopene, 
of these cells were determined and compared with those of parent strains. 

INTRODUCTION 

IT IS known that the production of secondary metabolites by cultured plant cells is con- 
trolled by environmental factors such as growth regulators.lP3 The synthetic activity may 
also be dependent on the state of differentiation of the cells and their genetic constitution. 
The present studies were undertaken to develop a technique for the isolation of “variant” 
cells with altered synthetic activity of plant products. In this paper, we report the effect 
of N-methyl-IV’-nitro-N-nitrosoguanidine (MNNG) on the ability to synthesize caro- 
tenoids in cultured carrot cells. Mutagenesis of MNNG has been examined in a variety 
of microbial systems such as Escherichia coli4 and yeasL5 Heimer and Filner6 have found 
growth inhibition of tobacco cell by L-threonine and obtained a variant cell line resistant 
to the amino acid by treating the parent cells with MNNG. 

RESULTS 

Growth of carrot cells on agar plate 

The formation of colonies on nutrient agar plates was markedly influenced by the condi- 
tions of inoculation and composition of the medium. When the carrot cells were plated 
on the standard agar medium, the minimum inoculum density resulting in the formation 
of visible colonies within 30 days of incubation was about 2 x IO4 cells per plate. At this 
critical density, the plating efficiency was less than 10%. Conditioning of the medium by 
the addition of culture filtrate did not reduce the critical initial density but was effective 
in increasing the plating efficiency. Table 1 shows the increase in cell number in each col- 
ony developing on the conditioned agar plate. Approximately 80% of the cells or cell units 
have started to divide by 7 days after plating. 
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When the carrot cells exposed to 2.8 mM MNNG for 1 hr were plated at a cell density 
of 2 x 10’ per plate. several hundreds of colonies were formed on a plate after incubation 
for 30 days at 28’. No colony at all was formed when the cells were treated for more than 
2 hr. The origin of these colonies. however. cannot bc traced to single cells since the cell 
suspension used for the inoculum contained cells w-ith septa and small cell aggregates. For 
this reason, cells from a colony were repeatedly plated on the agar rncdium. Finally, 4 
clones were established which differed from each other and from the parent strains with 

respect to pigmentation. 

The major components of carotenoid pigment accumulated in the root of red carrot. 
Kintoki, are fi-carotene and lycopenc.’ Various callus strains. whose pigmentation proper- 
ties were different from the original plant tissue. had been derived from an initial explant. 
GD-1 cell line contains p-carotene and a small amount of xanthophyll but lycopene was 
absent from the cells. or onl!, present in a minute amount. On the other hand, GD-3 cell 
line was particularly rich in lycopene; the /I-carotene content in this strain was comparable 
to that of the original tissue. In Table 2, the contents of the major carotcnoids in ccl1 clones 
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isolated after treating with MNNG were compared with those of the parent strains. GD- 
1NO and NB derived from GD-1 strain contained appreciable amount of lycopene which 
was not detected in the parent cells. GD-1NB cells contained an unidentified brown pig- 
ment other than carotenoid. GD-3NR cells are intensely red and contain more lycopene 
than the parent strain, GD-3. The accumulation of this carotenoid was enhanced when 
the cells were grown in suspension culture. On the other hand, a yellow callus, CD-3NY 
derived from GD-3, had a lower level of carotenoid, in which a decrease in lycopene con- 
tent was particularly marked. 

Cell growth and carotetloid accumulation 

When the cell growth was measured by increases in protein content and dry weight, the 
growth patterns of variant cells resembled those of the mother strains. In suspension cul- 
ture, they grew exponentially for 7 days with a doubling time of about 2 days. Accumu- 
lation of the carotenoid was observed only in the logarithmic growth phase. During this 
growing period, the amount of carotenoid increased in parallel with the protein content. 

DISCUSSION 

The parent callus strains used in this experiment had been cultured in vitro for 10 yr. 
Among various cell lines isolated from an initial callus, GD-1 and GD-3 have stable 
properties of carotenoid synthesis. The frequency of spontaneous variants was very low. 
Treatment with MNNG significantly increases the occurrence of variant cells. After the 
treatment, many differently pigmented colonies were found on a plate. Four clones selected 
for the present study have retained their pigmentation characteristics for 1 yr. The stability 
of these cell clones suggests that they differ from one another and from parent strains in 
their inherent properties. Kao and Puck* have reported that MNNG was effective in chro- 
matid breaks and single gene mutagenesis in mammalian cultured cells. In the present 
studies, however, whether the observed differences among these clones arose from the 
change in their genetic constitution was not critically examined. Another possibility is that 
the mutagenic carcinogen altered the stable states of differentiation of the carrot cells. Spe- 
cialization of the cells in cultured tissue could arise through a process similar to cell differ- 
entiation in intact plant. Tabata et al.” reported that stem callus of tobacco contained only 
a small amount of nicotine while the intact plant regenerated from the callus produced 
a normal amount of nicotine. From these findings, they considered that the cultured cells 
of tobacco possess the genetic potentiality to form nicotine, but that its quantitative 
expression is dependent on the events peculiar to the organization of the plant. 

EXPERIMENTAL 

Organism. Parent strains were CD-1 and CD-3 which had been obtained from a root of red carrot, cv. Kin- 
toki.’ These strains have been maintained by subculturing every 2 weeks on the synthetic medium of Murashige 
and Skoog” supplemented with 30/:, sucrose and 1 ppm 2,4-dichlorophenoxy acetic acid. Suspension cultures 
were maintained in 500 ml flasks containing 100 ml of the liquid medium. The flasks were agitated on a reciprocal 
shaker at 160 oscillations per min with a horizontal excursion of 6 cm at 28”. Callus tissue was grown on the 
surface of the same medium solidified with 1% agar. 

Variant cell clones were isolated by plating the cells on nutrient agar medium prepared in 9 cm Petri dishes. 
The dishes contained 15 ml standard medium and 5 ml culture filtrate in which the cells had been cultivated 
for 10 days. Cells in suspension culture were harvested by centrifugation and suspended in a medium containing 
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2 mM MNNG. At the end ofthc treatment. cells were washed and resuspended in a firesh medium at a ccl1 densit) 
ofca 2 x 105/ml. I ml aliquot was poured into the Petri dish containing the conditioned solid medium. The 
dish was sealed with cellophane tape to minimize evaporation and mcubatcd at 2X for 30 daqs. Discrete colonrcs 
were removed. diluted with medium and streaked again onto the agar medium. 

Detrrruirmtio~~ of ctrrotebds. Washed cells were immersed in acetone and ground in a mortar with quartz sand 
Further fractionatron of carotenoids was performed csscntiallq according to the methods dcscrtbed b! Good- 
win.” The pigments dissolved in petrol. (30 70 ) were chromatographed on an alumma column and clutcd 1% rth 
petrol. with increasing amounts of acetone.’ The amount of each carotcnord clutcd fro111 the column \! :I< calcrr- 
latcd from the value of its tag;,,:“” 
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