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Changes of Chloroplast Ultrastructure and Thylakoid Membrane Proteins
during Growth of Ginseng (Panax ginseng C.A. Meyer) Leaf
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Abstract[ |T

I'he formation of thylakoid membrane proteins and changes in the chloroplast ultrastructure

of ginseng leaf were investigated as a function of time following the leaf emergence. The leaf chloroplast
obtained just after the leaf emergence showed short rod-like thylakoids which were connected and
arranged in 3~4 layers along the longitudinal axis of the chloroplast. The 10 DAE (days after emerge-
nce) chloroplast started to form grana structure. The typical grana structure was ohserved 17 DAE,

and the grana was fully developed 28 DAE.

The membrane proteins obtained from just after emerging

leaf were separated into many minor bands indicating no CP-complex formation yet. LHC 11 was detected
after 10 days. CP 47 and CP 43 were detected after 17 days. After 28 days, the PS I and PS 1l

proteins were distinctly separated into CP I, LHC II, CP 47, CP 43, CP 29, CP 27+24.

Thus, the

appearance of the light harvesting protein, LHC II, which was concentrated in grana stacks, was consis-
tent in time with the formation of grana stacks 17 DAE.
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chlorophyll protein complex of photosystem I(CP
D), light harvesting chlorophyll protein complex of
photosystem L(LHC 1), E= = A 112] sk AE<l
light harvesting chlorophyll protein complex of pho-
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Fig. 1. Chloropldst of gmseng leaf just after emerge-
nce. Thylakoid membranes are arranged along
the longitudinal axis of the chloroplast. T : thy-
lakoid membrane, CW : cell wall, OG : osmio-
philic globule, M : mitochondria. Bar=0.5 pm.

Flg Chloropla%t of ginseng leaf of 10 days after
emergence. Thylakoid membranes start to form
grana structure. G :grana, Bar=0.5 um.

Fig. 2. Chloroplds't of gmseﬁg ledf of 3 ddys after Fig. 4. Chloroplast of ginseng leaf of 17 days after

emergence. Long thylakoid membranes are fo- emergence. The number of thylakoid membra-
rmed, and the number of thylakoid membranes “?5 1ncrea§es further, and the membranes con-
increases. ER : endoplasmic reticulum. Bar=0.5 stitute typical grana structure. Bar=0.5um.
um.
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of] 1= Elg}sro)mEoe] & ] BO M Bl i 3~11‘3; Fig. 5. Chloroplast of ginseng leaf of 28 days after
R emergence. The number of grana stacks inc-

FA= d¥AR) granad P skdekFig 4). 4 reases, and the chloroplast is fully mature.
& 2890l 124 dubel AIx Wepao|e] vt Bar =05 um.



Fig. 6. CP-complex patterns by SDS-PAGE separation
of thylakoid membrane proteins in 5 growing
steps: (A) just emerging leaves, (B) 3, (C) 10,
(D) 17 and (E) 28 days after emergence, respe-
ctively.

Z7}s}9]om grana stack?] % F713HdcHFig. 5).
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Fig. 7. Densitometric scans of thylakoid membrane
polypeptides separated by SDS-PAGE in 5 gro-
wing steps: (A) just emerging leaves, (BO 3,
(©) 10, (D) 17 and (E) 28 days after emergence,
respectively.
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ol FH3] EEHA Kale] 549 Yite] A
A E A 95 Aeiel A7k 29 F 3Y9E pro-
tein complexoll k7t gFa7 Adsl CP I, CP
I complex7} 3)v|a}A] 35 %l o™ (Fig 6-B), 4
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