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Study on the Biosynthetic Characteristics of Photosynthetic
Pigments in Dodder(Cuscuta australis R. Br.) Plant
Kim, J.S., H.H. Kwak, B.C. Kim and K.Y. Cho*

ABSTRACT

This study was conducted to investigate whether 1) photosynthetic pigments(chlorophylls and

carotenoids) are formed in dodder plant(Cuscuta australis), 2) there are any characteristics in the
pigment biosynthesis, compared to that of other normal plants, and 3) dodder responds to some
herbicides having target site on chloroplast.

1.

Chlorophyll content of dodder tendrill grown under a natural daylight was 9 times and 50
times lower than that of field bindweed stem and leaf, respectively.

. The photosynthetic pigment contents varied in different tissues, being higher in a apical region

than in a lower region of seedling or tendrill. Chlorophyll wasn’t almost observed below the
4th internode from the upper.

Pigment contents were greatly dependent on light intensity so that there were 4 to 6 times
difference among light conditions. When the shoot containning low pigment contents under
natural light, was incubated in growth chamber with various light intensities, the pigment
contents were increased by 3 times of initial contents at about 97 xE m’s'PAR. While the
change in pigment contents was not observed at above 450 £ E m’s'PAR

. Exogenous supply of 5mM 5-aminolevulinic acid increased protochlorophyllide by 7 times and

1.4 times in the etiolated shoot from field bindweed rhizome and in dodder stem, respectively,
showing that dodder relatively has a low response to 5-aminolevulinic acid.

. Pigment loss was observed in the treatment of paraquat, norflurazon, oxyfluorfen and diuron,

and protoporphyrin IX was accumulated by oxyfluorfen as in normal plants
Based on above results, several chracteristics of pigment biosynthesis in dodder seem to be

summerized as follows. Photosynthetic pigment biosynthesis in Cuscuta australis runs even in low

level. The pigment contents is differentially distributed in different regions and their contents seem

significantly to be controlled by light intensities. Especially, chloroplast rapidly tends to degenerate
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with the development of tissue. Some herbicides having target site on chloroplast induce damage

10 dodder stem but are unlikely to control it well in field, except paraquat, due to low chloroplast

activity and parasitic mode of nutrition.

Key words : Cuscuta australis, Dodder, Chlorophyll, Carotenoids, Pigment biosynthesis, Light in-

tensity
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Table 1. Comparison of chlorophyll and carotenoid contents between field bindweed and dodder tendril.

Specics Light condiion Chlorophyll(A) Carotenoids(B) A/B
1 g/g freshy weight
Field bindweed
leaf sunlight” 32996 + 545 4974 £ 79 6.63
stem sunlight 656.1 + 259 506 + 2.1 13.0
Dodder sunlight 708 + 53 1053 * 89 0.67
shade” 1741 = 54 1233 + 2.7 1.41
U about 1,680 zEm”s® PAR, ? about 168 xEm’s"' PAR
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Fig. 1. Chlorophyll and carotenoid contents in dif-
ferent parts of dodder seedling. Dodder seed-
ling was cutted into below 4cm(basal), 2 to
4cm(medium) and 2cm from the top(apical)
and then piments contents were determined.
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Table 2. Change of chlorophyll and carotenoid contents related with illumination in different parts of dodder

tendril.
. Ittumination? Chlorophyll(A) Carotenoids(B)

Parts of tendril” . B
of temy at 30C for 24hr ngfg freshy weight Al
Extension Before 649 £ 35 683 = 45 0.95
stem After 1164 = 3.2 685 = 29 1.70
Twining Before 283 = 20 432 * 54 0.66
stem After 70.7 = 44 418 £ 10 1.70
Internode Before 140 = 13 205 £ 07 0.68
After 223 £ 07 205 £ 19 1.09

"V Extension stem and internode represent about Scm of apical region without twining stem and 3rd

internode from the top of tendril, respectively.

? Different parts of dodder tendril grown under natural light (about 1,700 #E m’s' PAR) were exicised
and illuminated in growth chamber (30°C, 86 «E m’s? PAR) for 24hr. Pigments were determined
just before and after incubation as described in materials and methods.

Table 3. Change of chlorophyll and carotenoid contents of dodder tendril in association with light intensity.

Ilumination” Chlorophyll(A) Carotenoids(B) A/B
(#E m-2s-1 PAR) wgfg fresh weight

Before illuminiation 228 + 28 509 + 49 0.45

After illumination

5.7 660 + 7.5 479 * 35 1.38

22.8 729 + 5.1 53.3 = 43 1.37

96.9 743 £ 24 513 £ 23 1.45

228.0 640 t 92 544 £ 6.0 1.18

456.0 375 £ 22 554 £ 1.2 0.68

" Dodder tendril grown under natural light were exicised and incubated at various light intensities of

30C for 24hr.
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Fig. 2. Effect of oxyfluorfen on the accumulation
of protoporphyrin IX in dodder tendril. Ex-
cised tendrils were placed on the 100 M
oxyfluorfen solution and incubated in the
dark at 30°C for 14 hr followed by for one
day at 91 ¢ E sec’m'PAR before protopor-
phyrin IX determination.
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Fig. 3. Effect of ALA-methylester on the accumula-
tion of Pchlide in the etiolated field bindweed
shoot under the dark condition. The shoots
were placed on the ALA-methylester solution
and incubated in the dark at 30°C for 24hr.
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Table 4. Effect of ALA or ALA-methylester (ALA-me) on the Pchl(ide) accumulation in dodder tendril

under the dark condition

Sources of tendrill Treatments” Pchl(ide) (ng/0.1g fresh weight)
Grown in greenhouse Control 5206 = 462
ALA 1.0mM 569.3 *+ 1209
ALA 1.0mM + ATP 1.0mM 7222 + 908
Grown in outdoor Control 2110 = 3.0
ALA-me 5.0mM 2946 + 150
ALA-me 5.0mM + ATP 1.0mM 367.1 = 30.5

D The excised tendrils were placed on ALA solutions and incubated in the dark 30°C for 24hr.

Table 5. Effect of ALA on the accumulation of chlorophyll in dodder tendril under the light condition.

Treatments" Chlorophyll(A) Carotenoids(B) A/B

1 glg fresh weight
Control 856 £ 5.7 62.5 + 4.7 1.34
ALA 1.0mM 908 £ 4.8 629 + 1.5 1.44
ALA 1.0mM + ATP 1.0mM 95.1 + 34 60.8 t 2.8 1.56

Y Incubated in the dark for 14hr followed by in

the light intensity of 5.7 xE m”s’ PAR at 30°C for 10hr.
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Fig. 4. Effect of herbicides on the chlorophyll and
carotenoid biosynthesis in dodder tendril.
Bars represent standard deviation of 3 repli-
cates. The tendrils were incubated in herbi-
cide solutions under the dark at 30C for
17hr. Then, they were further incubated in
the growth chamber(14hr photoperiod, 80 u
Em’s'PAR, 307C) for one day at paraquat
and oxyfluorfen treatment, but for two day
at diuron and norflurazon treatment.
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