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ABSTRACT

Patterns of tannin acenmulation in leaves of C 4 Buphorbic meacufata have been examined using elactron
mictoscopy. Tanning which are secondary metabolite phenolic compounds, were found to be deposited con-
gpicuously in vacuoles of certain tisaues regardless of their stage in development, However, patterns of deposit
aceumulation were distingnizhable by their cell type during leaf differentiation. The deposits appeared most
concentrated in the concentric bundle sheath cells enclozing veing, while little or no density was detected most-
ly in the mesophyll cells close to the epidermis. An ultrastruetral study revealed that the deposits were restrict-
ed to the vacucles at an early stage of leaf development; during which the vacuoles were almost completely
filled with the tanniferons substances. The deposits themselves toole different forms ranging from granules to
hnge globules while expanding leaf blade. As the leaf matured, the deposite accumulated either centripetally
adjacent to the inner tangential tonoplast or by penetration into the eytoplasm amongst various cellular organel-
leg, resulting in an extremely dense cytoplazm, Electron micrograp hs frequently showed the delineation of each
organelle by the presence of dense deposits within the cytoplasm. Some large depository vacuoles filled with
tanning had a corrugated appearance on the sectioned surface. The pattern and potential role of the depogits

have been dizonzsed.
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A el 23 AR L TR ge] A4
B 22 HFi(cellulose), hemicelluloze, 22 A4
(lignin), B (tannin) & 2 (Muthukumar et al., 1983),
o] & Af4 hemicellulose, lignind A E£HL | F =
F2 AR L w2 HEAT FHER o4
7% Zhedt HEe] Qs Hed e 2
dE AAste A 2 B3] 242 sy 794
A AgH 2z kA g i v A 24
AFEAzr obwA glo} (Salatino et al, 1993; Strack,
1997), B2 ergbet48 (allelopathic agents, Khan
& Hungar, 1986), W4 &4 (resistance to patho-
gens, Baldwin et al., 1987, Hagerman & Butler, 1989),
A8 4 (Ellis, 1997) =2 #2225 E BRI (feeding
deterrents, Haslam, 1988), 24382 X %] v (anti
~herbivore activity, Schultz, 1989, Schultz et al., 1992}
FoA T2 7S edtte doE ST g
=3

Golee +9E 4 G Ao FAEE 9dL
HEAAA 2 227t o wHel B AFH
(Martyn et al., 1983; McMillan, 1984) &-4k2] 348
4 o277 7 (cotyledon)S A4 5 Less et al,
1995) A& RE ABExAHM FEd 5 gld Uub
Mozt 2 23 (bark), S¥ (wood), 4% st
B T, Aagel et AR asht 2 el
94 Zobshe ATe b7l So(Mace & Ho
well, 1974; Chalker—3cott & Krahmer, 1989). ] =k
ol g5, ), 735 W S5 L2 T A
#oste BAelet wAlovt, o Fe] HEA WA
st AR AH 7% oF] ¥WEAA d4x
sich. 2] JS2ad whde] 3 sl Aoz
IE FHHEY Aved ¥ 224 FHF
<1733 98 5 At gd<d ¥ (tannin vacuole)
& A3 'ble] A E (tannin idioblast) 7] 2rEahd
(Lees et al,, 1993, 1995). o] 2ef| = shdM| 27} ¢l 3§
AEE= dumdel AB82s Sempervivum tectorum B
Echeveria®] 2 & 5 % 1o (Lee, 2000). W,
Qaxae] W] DAAYH oD Sz
4 gz R F3oE BESE C-4 Fuphorbia
59 9¥ HBAAE GIEAIAY DY TP
o) TN A4 G2 olgel FHohe W

Aeg A7 2 = HEAY HHE=E W
5t A o] 24 8} 41HKim, unpublished data).
Fuphorbia maculata® W3] &35l C-44 82
$EE2d 430E F 499 HAD) f5
gul-g AMFH o= F 3 (Kim et al,, 2000). =3t
Q824 Mol $0] T FAE e,
FRszst g8 e 2D 27AAREE o)
I FxA EAL moln 2EERG (Kim et al, 2000),
ol & AT F FHY AxE FHe B
¥ C-4 Fuphorbia maclata &5F2 ] | A=
SaEe wds) YUIE WY FaAoE 97
S e B4, 02a0] 9 2R A5 95
9 =y 28e T3 Aw - AT A 2SI
9 2R EAS 27 $IPRE WA Sk

AME R U

1. HdExE

AFA 4t A B9l Buphorbic maculata L. (Les, 1982;
1996) W FF9A] A vl A MM HE
B2 2001 784+l ZH £ A= AH sl A
Sl4eh F 810315~ 20 mm(Fx Ao 4%
B F SxXSmmuEe] ¥ d& 3R 2715 A
Rshact

2. Btelgeldd

Deshpande et al. (1986)4] Folin-Denis (F/I)) method
g ol4sl g2 9 M2l =W 2 ¥ F
Fapstedeh ¢F 10~15mme] <3k 9L 45ml 0.56
N HCl4| @3 homogeniger® TR EFE 2, 100°Ce]
A 3022 SRS SR £ 53 B JY4six
25N NaOHZ FEA|%l T3828 H71sle] 100 ml
7 H=2 FH45E o Sample solution 1 mle]] 6 mls
Z=5FrE Yol EEF, 0.5ml, 1 N phenol reagent
(Folin—Clocalteu reagent) & H-leH = o4 3 £8
o] Feiet. o] & sample2 1A]z7F =% 1 o]4be] A
3t o2 UV-vis spectrophotomster® o] &5} 725
el BT EAHA GeEde] TgEA Qe
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standard solution®] 4= v|BE}ed elsledch

3. Electron microscopy (TEM/SEM)

TEM 975 $15 42422 Kim et al, (2000) 2
& Kim(002)S 44 4% Bk} che 2o
YERG 45T DL F 1x2mmz AZHEL
o9 92 AL F 2-ImmAr FEE
A=A st 3% glutaraldehyde $o8 o 7 4244 3A]ZF
AvAstedd AR 2 0.1 M Cacodylate buffer (pH
68) 4oz 15% pHe R 33 AAstE, AH="
AlEE 4°CH 4 1% osmium tetroxide (Os0,) &8 & 7,
4124178 3] A{stglet FaA e AR A
EES TY buffer® ofA] 33 AFspsict A A+
ZoAL AZ T AE" AEE 30~100%4] graded
acetons seriss . H4A|F 65°CH A 4847 B 2
FA A gor A FFE $e]ztZ Reichert Ultracut-28
ultramicrotorne el 4 ¢ 0.8~1.0pms] ZFalmEm-S
e ] 0.1% toluidine blue £ e 2 15~3057F 94
Blod Zeigs HE0|A o 2 JF22E AP 9
% diamond knife= 60~0042] gk zubdm & A
Z8te] 0.35% chloroform—diethanol 2. coating® 18]
=2 £&713 uranyl acetate?} lead citrateZ o]Fg
had e 2--3% uranyl acetate LMo 4] 458 QA5
3z 22 3F M A e o]|F A lead citrate
A 10~302 G5 He A S Aal =9
He Za25= Y97 (KBaI) W T4 44 Hite
chi H-7100 TEMS 2 ol Fsleich SEMH o2 7
NET § TEMES FU% A £08 9 24
= AX 33 100% P& B isoamyl acetate Z. #2]
Hel £°C A P Baetgict o] % liquid CO# 2
2t CPD (eritical point drying) F4& A3 ¢F 10nm2]
% FZ5E 91 AEy KBSI 384 4 Hita-
chi S-4200 SEM2 2. @ 7=l

4

Fuphorbia maculate 953220 ®hde] &£52 4
o waar] AUAALE AFHL o0, 2HE 0
Het Q9 fReATI 43D GATIAE

A e ooz SHHYG oF ®dy A
He HEsz AFM E (precursor cell}d| 4] o|m] A
) FHeiA A= (Fig 1) d¥ L=
e 2H27H deld A2 PP ez L4
2] fy2Es AR A ddi s FAA =
pon HAAE=s] 22 BAEL A e
of Bt desiect A 48 ATAEE
e 4= ARG L AT F3sE
2 A2 T3 C-4xgew 2EEEA =
W2 fFRSEAEdA oefsA SRAAS 2R
9 sRezdsds Asislese] FAHc2 2
Eoim o2 ofd dAH o AT A=z A
A "dEe] SHHAA (Fig 2). 445 d8A=
W Bz e AR es] 22 B AL EX5A
ot frEtdaiE ] e 2 FHA AN
AP 79 (Fig 3), 54 A= (Fig 4)4 <=
717HA] 2 EsA AR = QA4 o] w=2A AlAkst
o At Al =2 d523y s s
A AR Bol WAL wido] dxe] FAHL®E
A= A= 37 AP d¥ o2 A2y dx
A AFHA g AFeld olF ¥ AxdAe
vhdle] dixef ZAFEHA v Axzaz Feied T
AHoz RIF AL47FHE Abe|2 AREte 47
H5 AAE weh 2EAY(Fig 5, AFe] o5
AR AL e A=z W AY 2B A x0T
qE m|H o|E MxAY HAARNEE f$ A F
it (Fig. 6).

Tar] fRSAE o125l GEAE Abo
2 A=z 4 dyddzsiale b E f g
o ®hde] deF SHECE A e PR dx
ez A (Fig 7). =3, o[ &5 AFT o
SHE fedA=z whde] SH5e A4S A ¢l
olFel= yEe] HEEL A ofeFs dbA] sk
oH(Fig. 8). Wb, =bd S5 o] A= FHA A ded
HAE2A 2] M2 UAse Axztede A==t
dyAdFte 2R BUEFEE] FaE A
= % w2 AdE $ARcHig 9), 9% @
Aol FAAL 2 FEE2AZZAN A4HR A3
B A GRAsdE 93E 0 olE Az
A= "] FAe] oflHA 434 B3 Z2 A%
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arlde) AAR =S ¥4 e Fig 10)

2 #

A EBA e dutHom whpElE, o, Sk A3
T HE Az F12AZ 2eAd 71eE E
Bl 13 AREES, AR o=, BiE el = Fap Z
o] 718H el A2 oht BAT 4 e B
AFEA A ol 989 e Aes FAEE
22 ARARES AlAISPCH(Hopkins, 1999), o] & 234
AR AE2 HUE A SlA et HEe
AAEE 23 AR T SRR,
e, s = 9l7ke] Agd e #FAE AT
she Aol Bt o8 AR Az d¥E Bast
I (Harborne, 1980] AHEe 2w B ZFF) o
Felx ¥z PAme Afdye A Fod
ZBA AR Age o277 2 o vl of
oFsief. w=d, o BAL LA, W, A, Ak,
713, A2, AEA Y B4 o=t AaEe A=
7} SF= 5 (Chalk-Scott & Krahmer, 1989; Lees, 1992),
B d daAad AEA Y HEd 23,
FA 742 A = (hydrate tannin)= FH 8 =2 -
Az AABS YA4%e £33 whd (condensed tan-
nin) ¢ 2 PHPAG (Lews & Yamamoto, 1989; Ellia,
1907), B8] 9% e 4EAY 57 ¥
& U Bl B £ 4 e R
2344 SAEE B, 2Tl ¥
2N 2 Foht 222 SHIAE 2
=3r whdo|oH(Kim et al., 2002). o]=j3F whd2 <
5 el BHEE A A34Ee, B 73
$ Axs) T PA A 2 Fo) FloH,
e skt B £ el ki
o A ZRAE Aol ek ABA Bl D
AR)7)%5 A HEsA e gATE ]EO]
e o e 4 - BaE gl "Q‘ﬂ&;ﬂﬁ
BB E: AL o e 2o Axdd &
A YA daL ot AR deges g oA Y
BAE =4 32 A FAHEA (Haslam, 1988;
Hopking, 1999; Les, 2000).

eszential oil,

s Ee w2 "@x3 ARt FHY g
HZzebe o =77 "AF g8 oA 27F Ho =
sho}, The A1 (Lees, 1993, 1995)6l] Mgk 7ro] 2l
2] = P9 $U5E B At TR
v ARlE FE HEA0 A7 B £ 479
Fuphorbia maculated]| A= of=ke] ®ldle] £45=
W s ez gl HEdadEda ¥
A vEPteu RS2 E A o 2ok A
Ze e AL sl g dEslele 2 o2 "
A% g 4 E 29 9427 9UE 97
FAdEs 2 FTehile C-4 FEEd Ed A =
ol Az AAHE A94 AzAL B 3
=A & RS A EAV|RESE =HIA Azl A
At w2 AdE AE A ©T B2EGG B
A, A LM =il S ot wlvde] Az Wz
FAEE A4 =5 eI 28T E o maculat
Ay FHYBAAS Do HHE Ax2 Qs o
150~-200 pmef| ©]| 23 (Lees, 1992; Lees et al, 1993)
Adzd dxz H whd oW = FUEA gkt

Euphorbizgde S80S sl Hxr Az
o] S o] HEBAY A ZE 2 e F
=abc|(Fahn, 1990). 2] B+ H#-3to| de] Bxg A2
HEAL] dofe] Az fae] AT A7 o
x5 o Z=(Buphorbiaceas) 2| B2 | F| et &4

dubg oz #2 9 (terpene) BAZ Heo] glort
el F5, 718 el B, B, A2
of o] sict(Lee, 2000). 32 HEBAY RE7]

s2 QuRD ger, $9L 24FES 048
FH2RNES HEBA 2z AAAE el sle
Aoz obelA gl (Lee, 2000), & A7 43
B E omaculate®] FH52A 2 o siE R de
2 H4BA A BEE FEAA s 2
drtzolmy §elsl $ESH GREAAA AT B
A g Aoz 23U 9o DU G
AP Foz 239 B 479 E meadaei =
JES W W FEA KD el FEARA
242 5 5%

B 23 AR 2] - AAE ARE0] 47
Faob HEAZYE AF FE2HA o4EHZ A 2
F 9de 4% 94849 7o 4Aow 949

OIf ot | e
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A2 9 A3 4u%e 945D s1cH(Oluds et al,
1992). Ws] B EF a=T AT el 44T
sl FulAlelx, dant fefgonn AR vhd
o] Hrisle] B3 Al Fepls Al F
B2 A=(ER)E AT AseE dAgnA g
(Elliz, 1997, Hopkins, 1999), Se2hifzhki = &34
A 939 Az Bheled 2ol - A B e
e, ZEE S AT shdab2 S8A, A", @
sk whle] FEt whdAbbEdlE ATbA 2 AMEEE
o} (Kim etal, 2002). | gl= G342 d=, #44
A, WA, e FAFE B 5 A2 Bob
S=7F AR T 3l Foldh olef Ze] HEM =
A 22 A B A EE 48 AAAe R
2AH 3 glct 23 A A AR, FE g
72,2404 FIW & 4 R A 52
S23E 484 AL et BES A4AE
ST ooAAa =t AUuddas e
2ol A H% Fl AR At 2 AA
H2z ol 4 2 ABAZNYE A AR ES
2290 2elix slow, of Aad 2 32 Ao
B9e 1§22 AR QA Eim ol
2002), I8 B2 o| &I F|&s 7kEF dFlE ez F
& Awhn pEsa s G w9 A4
Tl Buphorbia S| #4217 E54022] 2309040

EEv|mH f4A U4& ¢ glE AoH, o] F AHE
2 A%, 4o 2 75 mgs-z; dzz A% 5457
Tad ABAAA A eo] 2 Aol

= o &2 3
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FIGURE LEGENDS

All EM micrographs represent the mahire leaves, except for Fizures 1, 2 and 7.

Fig. 1. The mezophyll tissue, in early development, exthibiting vacuoles filled with osmiophilic tannin deposits in the bundle sheath
pracursor cells (B), T =tannin. Imm ature leaf, Bar=2.3 pm.

Fg, 2, Bundle sheath cells (B) with granular tanniniferous deposits (arrow heads), Developing leafl M = mesophyll cell, Bar =4.2
L.

Fg. 3. Part of ahuge spherical tannin body (T) daposited within a bundle sheath vacuole (B). Bar=0.6pm.

Kg. 4, Accumulation of rough, amorphous deposits in a undle sheath cell wacuole (arrows). Bar =35 pm . Inset: Clogeup of depogits
from Fig. 4. WVb=vein. Bar=5pm.

Fg. 5. Infiltration of crganelles by tannin deposit. Note the boundary of the chloroplast (C) delineated by electron dense substances
{arrow heads), Bar=0.4 pm.

Fig. 6. Electron dense cytoplasm in many bundle sheath cellz (B), reaulting from firther infiltration by tanniferons substances. Vb =
vein. Bar =6.4 pm.

Fg. 7. Interfacial region betwaen the bundle sheath (B) and mesophyll cell (M), Plasmodesm ata {P) are not affected by the deposits.
Developing leaf. Bar=0.5 pm .

Fg. 8. Mezophyll cell showing no indication of tannin acoumulation the within cell, but exhibiting a distribution of tannin daposit
along the periphery of aneighboring bundle sheath cell in part {arrow heads). Bar=1.5pm.

Fig. 9. Interfacial region between two adjacent bundle sheath cells. Cell wall (W) and plasm odesmn ata (arrows) are noticeably elec-
fron dengse, Compare with those of Fig. 7. Bar=0.43pm.

Fg, 10, Negatively stained chloroplast () of a mesophyll cell resulting from a rare case of tannin nfiltration of the cytoplasm
{arrows). G=grana. Bar=1.2pm.
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