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Effect of Blue Color-deficient Sunlight on the
Productivity and Cold Tolerance of Crop Plants

II. On the unsaturation of mitochondrial phospholipid
Jin Jung, Chang-sook Kim

v Abstrqct

The fatty acid compositions of phospholipids extracted from leaves and leaf mitochondria,
which were sampled from several horicultural plants grown under blue color-deficient sunlight
(BCDS), were determined and compared with those from plants grown under natural white
colored sunlight(WCS). )

It was found that the mitochondria isolated from plants grown under BCDS contained
phospholipid whose degree of unsaturation in unit.of number of double bonds per lipid molecule
was remarkably higher than that from plants grown under WCS, the relative increment being
8~49%. This was signfficantly larger than the relative increment, 4~8% for total phospholipid
extracted from whole leaves grown under BCDS campared to WCS,

This observation demonstrated that the blue light effect of sunlight on the chemical pro-
perty of cellular membranes, as long as it was concerned with fatty acid composition, arose
mainly at the mitochondrial membrane. ]

Also observing that the degree of unsaturation of mitochondrial phospholipid was much
lower than that of total phospholipid, it was interpreted that this was the consequence of
rather active oxidative destruction of lipid-fatty acid components occuring in mitochondrial
membrane by the reactive oxygen species, especially superoxide(Q,”), which was known to be
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produced in mitochondrial inner membrane through the side reactions of the respiratory

electron transport chain and also probably through the photosensitized reaction involving oxygen

induced by blue colored light.

Thus, it' may be tentatively concluded that the extent of photosensitization in mitochondrial
membrane could be considerably reduced under ‘BCDS resulting in lowering of the O,~ level

in the respirating organelle

The possible involvement of photodynamic action in membrane oxidation was also indicated
by the fact that the typical fat-soluble antioxidant, a-tocopherol, was found to be contained
on a higher level in leaves under BCDS than those under WCS.
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Fig. 1. Gas liquid chromatograms of fatty acid
methyl esters prepared with phospholipids
extracted from leaf mitochomdria(A) and
from whole leaves of zucchini plant grown
under blue color-deficient sunlight
1. palmitic acid 2. palmitoleic acid
3. stearic acid 4. oleic acid
5. linoleic acid 6. linolenic acid
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Table 1. Fatty acid composition of phospholipid of mitochondrial membrane isolated from leaves of various

crop plants grown under BCDS and WCS

No. of

Fatty acid 16:0 16:1 18:0 18:1 18:2 18:3 Goof o L . Bece

Plant Treatment (weight %)

Cucumber BCDS 41.00 16.88  8.99 899  6.14 17.98 1.78 1.49
WCS 61.01 537  9.04 537 622 12.99 1.19

Zucchini BCDS 42.88 5.20  6.33 294 - 4.98 38.50 2.58 112
WCS 44.81 7.54  6.93  3.05  4.07 33.60 2.31

Pepper ~ BCDS 37.67 1.53 582 245  3.52  49.0 .- 3.07 1.38

' WCS 44.37 6.81 845 423  4.69 31.46 2.22

Tomato BCDS 43.48 3.8  4.83 411  20.05  23.67 2.30 1.08
WCS 46.79 3.49 58 330 16.8 23.60 2.14

BCDS: Blue Color-Deficient Sunlight. (Refer to previous report®’)

WCS : White Colored Sunlight

. Table 2. Fatty acid composition of phospholipid from leaves of various crop plants grown under BCDS

and WCS.
Fatty acid - 16:0 16:1 18:0 18:1 18:2 18:3 ool o LMo PGS
Retention . 6 7.2 11.6 13 21.2
Time(mim) (weight %)
Plant Treatment
Cabbage BCDS 15.18 1.18  1.97 6.71 18.74 55. 62 4.19 1.04
-WCS  16. 66 1.0 3.33 6.33  20.2 52.66 4.05
Cucumber BCDS 17.93 3. 88 4.65 2.32 9. 30 62.10 4.18 1.05
WCS 20.99 3.41 4.72 2.09 3.15 65. 61 4.00
Zucchini BCDS 25,65 2.96 2.58 1.36  4.99 61.75 3.93 1.04
WCS 26.19 3.37 3.96 2.28 4.76 58.73 3.77
Pepper BCDS 21.39 3.51 4.54 3.72 13.59 53.25 3.91 1.08
’ WCS 26.50  4.02 3.97 2.38 6.35 56.75 3.61
Tomato BCDS 21.26 6. 46 3.23 2.56 5.65 60. 63 3.93 1.04
WCS 23,76 5.15 3.14 5.57 5.15 57.62 3.77

BCDS: Blue Color-Deficient Sunlight. (Refer to previous reportt?)

WCS : White Colored Sunlight
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Table 3. Contents of a-tocopherol in fresh leaves

of mature vegetable crops

Plant Treatment Tocopherol(ug/g) ECDS/WCS

Cucumber BCDS 0.021 1.10
WCS 0.019
Zucchini  ECDS 0.018 1.06
WCS 0.017
Pepper BCDS 11.04 1,13
WCS 9.84
Tomato BCDS 0.173 1.08
WCS 0. 160
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