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Water Storage Cells in Succulent Orostachys malacophyllus
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ABSTRACT

Water storage cells (WSCs) in the leaf succulent Orostachys malacophyllus have been
studied to understand their adaptive nature to its coastal habitat employing the electron
microscopy. Attention has been paid to the features of vacuoles and plasmodesmata in
this study, since leaf tissues in O. malacophyllus are under continous physiological drought
due to its occurrence in the shore-line environment.

The WSCs occupied almost all of the leaf volume and appeared empty at low magnifi-
cations. Among the WSCs, small rudimentary vascular bundles were scattered throughout
the internal volume. However, in high magnification the WSCs were vacuolate in most
cases and vacuolization into a well-developed huge central vacuole was very common
phenomenon. Such vacuolization has been detected within the vacuoles as well as within
the cytoplasms. Well-developed plasmodesmata were often found in cells appeared to be
mucilagenous, Moreover, plasmodesmata being involved in the secretion of materials or
structures were even encountered. Thus, vacuolization from various sizes of vacuoles in
the WSCs to have a huge central vacuole seems playing an important role in adapting the
plant itself to its coastal habitat,
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EUEH (Crassulaceae):= 79 tl¥39 £Eo o
AA ejel (Kluged} Ting, 1978; Raven® Spicer,
1096). vhie4< BB Skt 494 9
AY N2 e Fo] (Lee, 1979) %o BEshed
o} F d5ANE M A velle 59 e T
2ulsi gl sjatrtel AAshe F2uEL NaCld
o gkg o} &AW A Axv} A&HE AL
25+ JEH 4 35384 AEeld. NaCle AE
o A ALe] B d3E 57 (Esau, 1977; Fahn,
1990), 1 3 o2 C-33¢A S sdsd e o
AN A Zo] o7 FE9 NaClz Hal® F 4% A=
ZolX CAMBFAELE 1 7|z wHl A5 £ 7
9le} (Edwards &, 1996).

H4ARAE GEEAY SEAFALY G2 AT
ARG AP AR AZAE AXY TR
oj-¢ A 2E& (Gibson, 1982; Kim ¥, 1995b).
AEE g A Eo] dotat o HIAEE o o)
+ F8% 4L & o] Bel W A7 AP &
oy} Aoz o FwsA APHzT U
(Winter$} Smith, 1996 #2). 22} esj ¥ty
AFA] o)A Aol o5 AEY Foto 2 29} A2
AEA X2 AY vle Qe T T2 FHFH
F2H FHoME 18] © AL A £ 2
A7 2E5x 9o7)19Y Kalanchoe, Sedum, Mes-
embryanthemum (Edwards 5, 1996; Kluges} Bru-
lfert, 1996) 59 Yol Fatsoiglet. oo & A+
= AAR7A6 o3 NaCle] AFAY oz x|
A x5} ALHE TNEY 952Ad A
A2 EAS ARAu|RH LR dTsid FAHEE
A% Fo g o5 AEUA deju Y FERHU
H3} gl 7 BAE HIEIA Sy,

Wz o Ul

1. dEA=E

=248l & (Orostachys malacophylius Fitsch, )&
ANERE AFA BES A ek o A vl
AN 7~89e) FASH £ FL HES 4 = AYHY
oA e dg Hske] Ads

2. dEYy

4l (leaf blade) 549 %27 ¢ (Fig. 1) A%
Aa2 A4 d52A L H9ES AES A4
g AAgey AZAPY (Kim §, 1995b) % 7]&
534 218 A8 AYy (Kim3} Fischer, 1990)
$ o wFHAR el g5 AEAS. 4457
g4824L 1~2mmZ Aehfe] 0.1 M Na cacody-
late buffer (pH 7.2)¢} &#% 3% paraforaldehyde
9} 3% glutaraldehyde7} Aol TZAH|A 2~3A17 A
IZAANZ F, TY buffergdo]M 33 AH3}IT o]o]A
2% OsOso A 2A17F F1A4stgich. 0s0s ZAF A3
H X BX acetone seriesZ ¥4I XHAAH L AA
% Spurr’s epoxy resin (1969)¢] ErvjFH% .2 60°C
of A 48417 ZFAAT. ©]F A|BE H7000 Ultrami-
crotomee] 2]s] ZutAm o2 AxEo] 2% aquaeous
uranyl acetate$} lead citrate® z}7t 453 o] g4
" % Phillips EM201 S34#3in]7 22 60 kVelA
A=A,

2 o

G524 F2EEY dg2AL 10~1539 7%
A A £ (Water Storage Cell : WSC)o2 FAH
o} X, AulgAelM o5& A9 Hleldl: HEAH
B2y}

WSCse AZFE A9 98239 94F2< 4
A8kl 3 (Fig. 2) ol=jdt 522 el dddezt uly
T FR45S0] N pHgo s wdsie S B4
o ##&224 (Fig. 3) FAs: Az o+ 19
GA AT o] T REL AAMEER FAFHY 9
oo ERAEEL R4 Aoz FAHAA

ARG A A e A 2ALE WSCse oA BE g 1344
L Ao (Fig. 4) AL 9 AxAL Az F
Hyez g ok Exsiglch. AZAdeE A8 2
Az zpolol ofs] veld £ e FLUAY f-Fll

- wel Wy E F2E Helx G54 ¥ nEEER ok 1)

2A59 MENL)RE FHEESNAS. T2 oI F
AT ok S F2e B Solet WAL o
b 9o AL} (vacuolization)el gzt of &
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4L WSCHZW HYeA dolrt Foe] & FXof
A 22 o8 2719 42ES YA (Fig. 4) §
gaiglon TYT AL o2 F919 AEAeMe #
250 (Figs. 5~7). MEH3} A EAtelo] L2 ¢
EA F4 53] Jad AZAME o8 A7) JX
Eo] YAHE dxgae] dojipen (Fig. 5), ¢
a7 AdEFol AEANM A Fgo] dxz
HE3 = AR AF FRAHUG (Fig. 6). AE F%
of AdqAEr} A3 Tdg WSCHelle 33 AL o
Ao HEA] MEY FHE gzt FXH Ho| L%
v FAA 58w A S A BEF AR gk
AEAZ BAET (Fig. 7). FA4F 4Ffdes &3
AAE (precipitates) o] WA}, ol2qt AL F
F4E TN U AEFARNNE AF Yot
o, &9¥7 dyAGez R 7|8t AEAE 55
3te] 4o Jxz2 FPHE A+E (Fig. 8) #AHY
o},

AEzAW WSCAtolol % et Q=T g7
A5 Tl HAER ] EXIGT o] 5 AEZE
Yy dgar) & FRE. APAHI e F2E
EE Balel yele] dPAATIAE BXIAHT A EHE
o] Fx AHA ol YA (cellulose microfibrils) 7}
FA3 dal X d¥ddAt F9E B3 9F A
7o) EA3ep) A7 sl (Fig. 9). ol¢) o
o] AR ¥} multivesicular structure®} 72 <A
A4 F2E Fude B4s Ydo 4gAdJAL(Fig.
10)= 4% FE3ud.

-

sjet7lol]l MAlsted NaCle} 3F& ALz deon
529 AelA Q27 A4EE AL T2uee
o] PEAGAE EAe] AAHnALE dTFHY T o
EAAAE 452 Y gt & AR EER
o] FolA 9T ol A2 7 i AEAY AHLL
2 & delA 9lv} (Esau, 1977; Foyer, 1984; Fahn,
1990). Fv1E 94 4&2A 9 g5 & 584
FAZER T4F lon FRE2AL T3] A
gl 53] fade) L sl o of A
o AHAZEE vl wEEe sich Ut SHAXL

ool A BEsded ol g8 e A
Ase WSCEol d2of $2& ARsle] 1 4T o
Ashe Aoz FAH,

A 59 Eoldt B34 7]2te] Crassulacean acid me-
tabolism (CAM)o| o549 &3 AEFA A
< #EA oy 24 7|7 ¢ AEY d5AAE CAM
L AF o9 HEFES Addte AY 2L B
FAFHT A (Kluge} Ting, 1978; Gibson, 1982;
Foyer, 1984). & 479 FI0M&9 o834 9
WSCHE SAXE CAMAE d&A29] S4% A &
E diM 94383 glct. CAMAISY Fgz4L o
¥3tg8 WSCE T4 T WSCe dutxoz Az
AAL 90% o] AR WS 2 JEE AT g
t} (Gibson, 1982), g-&ZARe] 92% o}Ate] 4R &
FHaEL e TublEd (Kim §F, 1995a) 7ol
E g 528 WSCHlM At FALE §A4sle g2
el dejutet, MEZEL FU9] Ad dxz 9
af ool AEAY Hol} A dxE S8 pi g
714, B3] FA(malic acid)A#9] 715S s34
Akt poolz 2H4-% 83 (Foyer, 1984; Smith %,
1996) A& A AxE F¥sle 24 buffer®
ZH8ste] ofol] Hfxsl (Lawlor, 1993) HEY 438
a7itele}, oled X 53] WAkS FuFo] 24417
S #71& 3} (diurnal acid fluctuation)dl= CAM
$ FYste Ao oO8dA AETAA Yeve F
FeHlE 52 A M9 o] WSCHlolM & HEA) 4
Zo] vepdeh, @& ko] wale] §4Fe] WSC A%
W A3 dele pH 3~47-A % W22 (Klugesh
Ting, 1978; Smith &, 1996) °]E AXy t& F+x
9 EAEZHE AYAA RIdT FU|HLR & 4
T2 AAe 71 AE 9 dxe 38 7)5F
9] dhol} (Kluges} Ting, 1978; Gibson, 1982;
Foyer, 1984). 12|22 WSCY dz: olzjd &4
< 344 FeY dFIHLE AHE o F83
A ZW 78 (compartment)o]s| HEatol= d Ty 9
29 Ak utel] A A &S FI o F A
EA4EAv FEae Aoz 49 oo (Foyer, 1984;
Edwards %, 1996; Smith &, 1996). WSC A %4
ol =¥ A, JFH, v|EZ=Hopr} A 4B
o] $l&v (Santos} Bartoli, 1996), 2 dF¢ £
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HEE WSCHoE o] F2E0] Wi e] 9 7o &
3 AU, CAMIZAA &9 v|EEZe o}
Atole = AREA O] SHEA A7} wli s o] 9lom o X
ME Ete] o8 Aol AL AEe] ARG
(Kluge®} Ting, 1978; Winter$®} Smith, 1996). o
€ AEAEY J5A9 nEZTole= dALEA fub
dtsle] sle 4% AYZ 3o (Ting® Rayder,
1982, Smith 5, 1996).

B o424 A1 8-9) (non-succulents) F4HEE gt
Aoz AEAAY 70%F JE7 AASH, 21%5 4F
A7k, 6%E AFAel AzFich wbd CAMAEME
ok 1%} HEZAH 2%2] HEHE A 97 FFo] A x|
A= oi9lc} (Steudle =, 1980). AT o} 52 gkx
e Aolm AFAGE MEYL dubH oz e dxy)
Aot Bl Ee] & WSCE A A9 el g2 %9
FEE AR £ de 8L #A dE0 (Foyer,
1984). HAJEAE FH3T sle AXAFNt AF
WSCE A% AZT AMZHeE YFALEAPL 2
F23HT, 2 Fol AXYA Afa MR -
<3 d8A 24422 PR Fo] Relr U4
2t} (secondary plasmodesmata) H-¢& E3 224%
vzt AdEE 14T ARE. o) EAE A
TS WSCHEHE o7 elo] 4yAddgAl
£ 28 EAE0Y 72 F9 o Folu bl Ashe

22 FAREHA.

QEA 7150 AR AEo] A #AAA BAA
22 JdFANE AT Wgsis A {714k dAt
FAo) Ags vried A&3T dgF HJAEAY
Transport7} o]5oizje} slog dgAdata) =g 2
23 98¢ g o vept TTHIE MG 7o)
E9le] Nate} Cl-3} 2+2 stress £9lo] o EAg g
AZZAN AZEY] A3 oS ExtelAd Aol
(Edwards %5, 1996). ¥¥9 Exs x5 44
Hepog WSCHE Adgt 27} JA =] 7%
S FY3ln dyAAFAE B A xR 71Ye A
AA7F ofs Fo8 AFE e 2R Hexn 9o
4342 FEH 9l= CAM3I 29 (Klugest Ting,
1978; Foyer, 1984; Winter®} Smith, 1996) 3%
AN AxE HAsE JAE vpRe] LAk FEA
L2 Wl Aoz delA QAT ofA® HA AR

t ALY 24 2 APl P 2ANLAL 79
97 43 3= ool B DAY FEA 4791 S99
o WSCHIA olvbe 429 W32 olafehey 2
£$¢ % A0,
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FIGURE LEGENDS

Fig. 1. A succulent leaf of Orostachys malacophyllus Fitsch. with sampled area used in the study (white

circle), Bar=1cm.

Fig. 2. Water storage cells (WSCs) occupying almost all of the mesophyll tissue, IS=Intercellular space.

Bar=100 pm,

Fig. 3. Small vascular tissue surrounded by numerous WSCs, Bar=50um.

Fig. 4. Electron micrograph of the WSCs. Leaf chloroplasts sampled in the morning contained starch
grain (S). Notice the vacuolization and thin cell wall in each WSC. V=Vacuole. Bar=3um,

Fig. 5. Formation of small vacuoles or vacuole-like spaces (arrows) around the chloroplast. C=
Chloroplast, CW=Cell wall, G=Grana, Bar=0.5um.

Fig. 6. WSC showing various size of vacuoles in the cytoplasm of the cell above and another WSC
below with large central vacuole upon completion of vacuolization. d=dictyosome, N=Nucleus.

Bar=1pm.

Fig. 7. Various size of vacuoles closely associated with mitochondria (m) and darkly stained body,
assumed protein body (PB) in the cytoplasm. Bar=0.3um.

Fig. 8. Vacuolization in progress observed in the vascular parenchyma cell (VP), Notice one vacuole
originating from the cell membrane (arrow head) at the right corner of the VP. SE = Sijeve

element, Bar=1um,

Fig. 9. Plasmodesmata involved in the secretion of materials (arrow heads).
Pd=Plasmodesmata, Bar=0.3um, Insert: low magnification of Fig. 9. Bar=0.5um.
Fig. 10. Numerous plasmodesmata (arrow heads) secreting some materials and membraneous structures.

Bar=0.5 um.
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