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ABSTRACT The relationship among leaf size, leaf protoplast (cell) size, chloroplast size, and chloroplast number

were investigated in tobacco and Arabidopsis thaliana at various developmental stages. In tobacco, protoplasts,
less than 15.6 ym in diameter had less than 20 chloroplasts, 0.93 ym in thickness and 3.3 um in length on average.
As protoplast size increased from 30 um to 45 ym in diameter, chloroplast size remained the same (1.57 ym in

diameter and 5.55 yum in length on average), but chloroplast number increase from 42 to 101 on average. A similar

relationship was also observed in A. thaliana. The ratio of total chloroplast volume to protoplast volume was

constant (0.105 in tobacco and 0.325 in A. thaliana) over various developmental stages.
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Figure 1. Light microscopic and confocal microscopic observations
of tobacco protoplast. A, Light microscopic observation of tobacco
protoplast; B, Confocal microscopic observation of tobacco
protoplast (A). The bar represents 10 ym.

A B8 (2% cellulase Onozuka R-10, 1% Macerase R-
10, 0.6 M mannitol, 5 mM MES)ol| ©o] 25C g2 A
6A17F B3t Mkt AAAE EsIAh AE W) GEA
o Felg A8 S8t 9P AAE confocal microscope
(Zeiss LSM 410)0.2 B33l Q249 30728 2
Aok E8E 4¥HAE =YEE3n 4 (Nikon phase
contrast) 200u}2] vj&olA #EEe] 100~3007H9 4R
A9 A7NE FHSATE o)F 1,200808 Hrm|H (Zeiss
Axioskop) 3t M HEF FEA Y +E AL GEAY 27
g SA8ITE ol md AEA A Yo F7] (HE
amet 4EA9 = (F F3)9 #AE ARG GEA
E 9gA= S JEYong Bu=x r'h $42 o]
3t GEA 9 BIE ALtesth
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gl Yo FZ7t ARSE QXY A7 Z7EIgeH,
Az A7t ADSLE EAY F5 Z7Ith 9&8A=
dPA =9 FeE JeEld) (Figure 1). 318 =249 =7)
2F3RE PR ol o A7), F AEEGe] &
A% 9 (Hol o I em& 2em)ollMe= dEA e HF A7E
A 0.93 pm, 4°] 33 umZ eI M EEGo] By
A% FA A AflE @EAE FA 1.57 um, o)
5.55 ume| 712 AAHSHA FAHACE M| EFo] A
g 217191 o] | eme} 2 ecme] Y9 Ao, 43 AA 9 A
2 77} 12 um, 15.6 umE JEPGOn A¥Y 7bzt 134
9} 224709 FEAE AT YJTH (Figure 2, 3). AE 2
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Figure 2. Changes in protoplast size, chloroplast size, and chloroplast number at various developmental stages of tobacco and Arabidopsis.
Left photographs: tobacco; A, B, C, D, and E exhibit protoplasts isolated from 1, 2, 6, 10, and 16 cm long leaf shown in the above,
respectively. Right photographs: Arabidopsis; A, B, C, and D exhibit 0.8, 1.2, 2.5, 3.3 cm long leaf, respectively, shown in the above. The bars
on left and right photographs represent 20 and 10 ym, respectively.
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Figure 3. The relationship among leaf size, protoplast size, and protoplast number and the ratio of total chloroplast volume to protoplast
volume in tobacco grown for 2 months in growth chamber at 25+ 1°C. The light intensity was 100~200 gmol m”s”. Mean values (£SD)
for 100 to 300 protoplasts and chloroplasts are shown.
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Figure 4. The relationship among leaf size, protoplast size, and protoplast number and the ratio of total chloroplast volume to protoplast
volume in Arabidopsis grown for 1 month in growth chamber at 21+ 1°C. The light intensity was 50~ 100 gmol m”s". Mean values (xSD)
for 100 to 300 protoplasts and chloroplasts are shown.
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o (Figure 2, 3). sf7|3tolME A AEge B
(Figure 2, 4). *§7)730)¢] &4 A7l iR 47 A
et 1A AEgde] S48 o 4 (FF 4] 08,
1.2 cm)olME G219 HFarzlsE 54 1.76 um, Zo)
476 umZ YERIY, A FQ AR ALl HEAE
7 2.4 um, Ze] 595 ume A7IE YAEA FAHAUCh
AEe] ol AT ojdL Hfoll, dFFA A5
Z4zt 15.3 pm, 17.37 um2 YEPSOH AlE T ztzk 23.56
7 29.48709) AEAE 7 AATh F9 A717F AXEA
LEEA ] AFol AT 24.87, 24.6 um7HA] F7HL HE
Al FE 326, 32.6702 Z718tT) ol4ke] ARERRE
ASA Rl 2717 8 257 AEA7 A Fe
HEA MEEZ0] AT A7t deha, ME A4
Zlols 2717 & gEAVE EAEE ¢ 5 U 3 4
XA Q9 F7] =E AXY F7)9 FEAQ F Ee
= v BAE Ueiie AER g £ 9249
o) vl gHlY A9 3 105%E dZ FA=HT
of7)gdthel B¢ 32.5%% AR FAES & F AU
(Figure 3, 4). o)A@ M ¥ A7) wat GEAY = 2 3
717} vHARL o] AL AAF v &E KA STh B olHF ¥
& A5 T/ et 4G AoE A7

o] wEatHA A A77 Frkeh ZF X e |
Z4) £ 9A] =713t} (Possingham and Saurer 1969). &
Ao A= }714 e wild typedt EAHO|A AN A
A7) B GEA F o] A FAHIL o AE
o HEAS EEol FxstEvx= EX (Pyke and Leech,
1992)¢F YA 3t} A2 GEA FLol e &4 759 &
7} 433 JAHAoY AEAY 57t %A 2HHEA
o taixe ATFHA Fdeh

HEA S ot AZ (YIRS A7) HEHAA= A
WollA JER9] 48 ZAsh= feedback mechanisme] 7}
54 (Pyke 1997)& AlARSHH AlE A7]o] st G5A ] &
T (density)& A= 4139 7FsAdo] AZIEAT (Pyke,
1999). Al 7} dsiAM AEE o] th3t = FEA 9| 23
7t A FAHE R AEXU & FEAY F GEA
W 245 ¥o] GSAEANA T3 715E ke AL
2 Heloh

FEAE F R dig GFAY F Tt P
H71Zl7} 36 o) ¥ AL F2 gl HEF T} o))
Ao JEAET 22 Aol ZiQlsked ol N7 e
2] gole Ed F2 ofdd AEEA FuIt F2 A Qe
A28l 2 photodamages &3O E H8l7] f3ted I
Aol A715 AA F2EX mobilityE FHAIZ7] HEL
Alg @) 7524 80] Chlamydomonas} 7o) Ml E o] 3t

N At AEAE 7L A EZ 9 9] 2L
EAE 7ML e AL =7t S 9 AEA photo-
damageE Z°]7] 943l mobilityS 3FA|7)#E o g
A3t Aoz FHH vk glth (Jeong et al. 2002).
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Gl (Nicotiana tabacum L cv. Xanthi) @ o} 7] 3t}
(Arabidopsis thaliana cv. Col-0)ol| A Thgh wrgetA o] 9}
oz2Ry HYFEAE et AE A7 GEAY A7)
R T WAE AT 2 4FFA Y AFe] 15.6
um °J3}Ql A A EE 204 7 o3t YEAE /AL A
Aed, AEA S P4 A7le FA 093 um, o] 3.3 umE
Uelstth glol A E o d¥AA S AFol H 30 umol A
45 ym=B 715l we), GEAE FA 1.57 um, A] 5.55
um?e| 712 IA3A KA EHRY GEA Y FE HF 42
AelA 101702 F7 ekt o]k 2ol FufelA 9 A7)
EE XY A7) GEAY & By e HEAE Y
BRI 59g Ago] A7 AHAME HZFHJ A E F5
o ek 3 FEAY 59 vl Ty DA A el
£ 10.5%, N1 3hE 32.5%2 S5 FA=H AT
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