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Three Dimensional Analysis of Plastid Inclusion Body Using HVEM
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1. A &

A X9 wAFE AT HVEMS] |83} tomographyo] oJ%t image Hzl& A A
g9 FulH AEFE 59 dFd & WAL o|F 2 glon, oEFt Ve ME 3
A9 BAAAM AL 98S dn Utk AELS FHA FHo ol A AsE
A re T2HOE u$ o C3, C4, CAM AEZ gdssy), o5 9& 7%9)
7159 £33 #Fxd F HEHo AU EAHE HAFH FAAEE P8
A A (plastid)s A EM X TE3tE v T8 AXLV|Bo2 FFAHET ol
948 714 AR S FAY TR 7vH2E 5FFT FEo|t- _

nero g AU AAAY JAAL TS 7FABRA B Guke<l AvE
7t dojue FAFolth 53] CAM tiAtE F33le 43 FdAT AATAY B
4 F 7] (diurnal fluctuation) Ao 2 MAH 7Ad AANe LZE PFA}eH o
A g AFe AAD] olFojAA ¥ Utk Y FERHSIZ ¥MIe CAM A E

S22 W H4A 71349 2 T2 HolAE Wilge =82 AxdE v Utk
olE AAAE ¥ AA AFTEAZ © FREAN ¥ A Eo] A =Ad FHLEA
CAM tiALE 3 o a3 a45 A3t 373 Fv £z F4=H1 U
ole} o]l YR C4 = CAM HEEL FEZP 0 HgPFoz AFTAA
mat A4 E3E Holve T AEXFEAAM ARZA A 2L vMFRFH E3E
FEAZE & At A8 CAM 2 EA A olejg AAAEC] FAHY, olgo] HiH
WollAl gd o defzol=y AR U e AAHL e 52U 39 ¢
A F2H B4 e AA3 AFE v gl

BEEr] 7 2 A& TEMS o]&3 AhA 71F AFME o889 X U ¢
A & AT F Aoy, ol AAAE HIL Uv MAAUH A8 Id4A4 € =
Bz Fake] FHF A B (spatial relation)d] thEi M wjgo] HILF H& TEME o]
&3 AA T dotd 4 gint. ofof His] CAM thAl =3 A] AR ddd wel 4§
AX MaF 7]F dAFHoE AT AANY FRE YBAIIE  Sedum
rotundifoliumE HVEMO 2 A tiltingS A A3 angled]] wha} Atoldt imageEo] e}
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e AL FAY F Utk o] tilting o]V AE stereo viewerE T3t FAEY ZH

N3 HAA 2 7)A A g vALBE 7Y Bg JAHY
FEE g F UL ALY, B dAFT tited images} dE&  ZHH H(serial
ultra-thin sections), semi-thick serial sections, Zu}A 3 (serial thick section) & o]&3t
HVEM @7 32 FUch TEM % HVEMOE #F3le 4L ol d4AHUEY
2-D image2 33Y YATZEZ ATFAFOZAM CAM HALE 8= AAAW 2
Ae FASE 2EMTEY 54 FRHLA s

2. A3 Wy

High pressure fgreezing (HPF) W}H o 28 1 A3+ A8+ freeze substitution system ZFX]
o o3t T Z W 9}&] substitution — embedding —polymerization2] #HA-& AHH
resin block® 2 2=t HPFY F&£FZA7|HE @A7HA AEANEE 1H34
artifact®  Hastste 7 ARFHA WHezE o W2 deH 2Y. Sedum
rotundifolim®] ©lE 3 @D Ao @ gG&ERF AEF ANFHEH 30% dextran
(non-penetrating cryoprotectant, 178,000 MW, Sigma) &<} 2] aluminum cavity®] Q1T o]&
1% (in pure chloroform) lecitin® 2 coatingdt ¥ T}E cavity2 @2 & specimen holderol]
ol high pressure freezer2 cryo-fixation 3}t HPF AA] & Al&3&}A cavityS ) 2
Z(LN)ol &7 freezing substitution-g Z=3)3}5dt}. Freeze substitution& -80°C, -30°C, 0C
oA 2% osmium tetroxide(OsO, in 100% acetone)Z 2}z} 8AIZH¥ AHelg F B4
acetone . 2 washing3} %t} ©] & Epon 812 mixture 2 embedding 3l 72A17+E < &3
(60°C polymerization) #2]3}9ct. HPF Wi &7 2-4% glutaldehyde ¥ 1% aqueous
osmium tetroxides o] &3 STTYA g HAHPU AN A Azyol Waysol T
4 oupge] ME QR AT 2EATEe W5E zAShYh

Sedum rotundifolim®] EM block-& Z¥Fd3(60-90 nm)3} FuFd $(0.25-0.5 mm) o2 A
2} 5] o] uranyl acetate(l hr, 60°C) @ lead citrate (1 hr, RT)Z 2 = en bloc (4-6 hr) &
A9tk Formvar coating *} 2] 3 single hole gride]] 1-23] carbon coatingdle] TEM 2
HVEMO® 2 42 H(serial section)o] 2]&F 2- D dAr# tilting image A#E FFH AU
ol 5L YAF AE(x2°)E tiltingdle] P o|m| A E stereo viewerE T3t FHAIH
Y7z QAT A 2 AA7 AW G nHLIB Alele] v dAH
HAHE AL £ 980 s, B AFE tilted image(£60°)9t 14 8- H(serial
ultra-thin sections), semi-thick serial sections, F£uF&H (serial thick section)g o] &3
HVEM A7l 23& Stk WA TEM % HVEM| 9| o]& dA&H A9 2-D image
€ 3-D imaged} dnx TIAE3}e imaged] 33X G4 AT LFHA IMOD
(Image Processing, Modelling and Display) T2 1S H 8393, AHTFEE FA3c
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245 LY FAAHE W7l H3le ol Zv|A R0 thdle diffraction patterng
AN AT F, AAAY ARFEE] disld tiltingo] 93 HVEM A dmzegx
Bl ¥olxl data % tomography 719H-& o] &% FHHQ image HAHPL Ax Zul4
MERFFY 72 ARE F239 AEFFAMY 3-D YATZE AFEdd £43
et

3. 4% 2 &

Sedum rotundifolium v 3} B B3 FSEFL 60-90 nm =uFAEH, 100-125 mm
semi-thick sections, 0.5-1 ym® ZEu}AHH o277 ZZd AL£AAL A F 39
M2A g olFe ZAA T2E ZAEIET oF 0.1 m W AFR AG B97
o =&H7 ¥ 4§27 37 DAY on EGRAMET A2xAH Wele 1 m W
ole] Z AZ|AAMFH 6-7 ym A7) ol2e AAYAMEC] A MaA £379 2
A she 2uAFEE GDATh MAH J)Fo) Eabso] 34709 AFFR
dhe AeE ZAMEAS Y A& A o A7 93A oL AA=E sy
& 2FA7E sRHeg RHAY F 9 ol EAEY 48 Az wds
3 2-D image 4o YEG Aotk o5 ZuMTEREL Alg A 3FFA] section
angle o] Wt = UHVEM oA dAI X = tilting ol we} 4oldt imaged] T
ZEEZ BEHAT oS YAY = (#2°, 592 tiltingsle] L& oju|AdME F
d AAARANMNE FAHRAEEC] AAFZ(crystalline lattice)E  ©)FAY HPTE
(paralleled arrangements)E 3 A1} th(Fig. 2). o] AAA Uole <k 179-186 mm Z=A}
AelZ o] Fo]x 4u-10,0007] o]Ate] vl ABA 8 AE(tubular elements)o] A EH,
o] THERHo g uwjdso] thA] 670¢] substructureS o] §-u}A Al(hexagonal pattern,
diffraction pattern FZ)E o]F+= A w3t FTx7} fgct M JYoe oz AA
7b s ol wEdte AeE &3 #AHUD, d4 HYW A7 2 3D YA FE A
T8 E4 93td oAy M2 BEHo] dAs Je AFAEC §dEA A
ZHAE ol F7Ix 3Th o)E pHABAY 24ES gog EMolx] gon 9F
& FEE ol FA &= TG ¥(amorphous)e] TEE o2} 53], MAzA wA A
Al E AugA sLQAAe} A=Y BPEY, FSo| AL weEde g4
gAel o2 AAAE HRET =TYPA, ARFANE ASHAZANAN A3 Algrn
detsol=st A dyt dgd ZAE W 2FA e A RE 519 o
Aslol ey AAA FA 2459 FAAN AZde GAFEY ALY g
HE ST ol Eo] AT MAAlA e} Zol mALBAg 228 FTAHHY e
A ke AT Je degFEo s HAHARRY JQsleAE Goldr] §std
HEIME A4 dd HVEM 77 A4 I = Qo

i‘ﬁmﬂ

=13
=
) 7_]
|

\j

C:
=

0



—————————————————————————————————————————————————— [HVEM &% 9234 2]

4. FnE3A

Giddings, TH (2003) Freeze-substitution protocols for improved visualization of membranes
in high-pressure frozen samples. J Microsc 212, 53-61.

Gilbert PFC (1992) Reconstruction of a 3-dimensional structures from projections and its
application to electron microscopy II. Direct methods. Proc R Soc Lond B Biol Sci
182: 89-102.

Gilky JC, Staehelin LA (1986) Advances in ultra-rapid freezing for the preservation of
cellular ultrastructure. J Electron Microsc Tech 3: 177-210.

Haseloff J (2003) OId botanical techniques for new microscopes. Biotechniques 34:
1174-1182.

Kim I (1997) Chloroplast microtules in young leaves of Sedum rotundifolium. J Plant Biol
40: 115-119.

Kremer JR, Mastronarde DN, McIntosh JR (1996) Computer visualization of the
three-dimensional image data using IMOD. J Struct Biol 116: 71-76.

Perktold A, Zellnig G, Guttenberg H, Gailhofer M (1998) 3D reconstruction of chloroplasts

and their ultrastructure using ultra-thin-serial-sections. Phyton 38: 159-165.

Fig. 1. Sedum rotundifolium |22 AX M4 | Aok A (B =
Inclusion Body, S = starch). *ul-8& FA A& A AR
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Fig. 4. SHMXE M4A FAA 3-D JATF TIB = tubular inclusion body (light
blue), P = plastid (green), S = starch (pink)
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