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ABSTRACT

The ultrastructure of glandular trichomes in Pelargonium peltatum has been studied

with a light microscope, transmission, and scanning electron microscope. Two types of the

glands, longstalked and short-stalked capitate glands, are distinguished with their shape

and size of the total glands. Both glands are extreamly abundant in the leaf veins and

petioles.

These glandular trichomes are consisted of one secretory cell, three stalk cells, and one

basal cell. The secretory cells contain a large amount of smooth endoplasmic reticulum.

They have also much plastids, vacuoles, Golgi apparati, and mitochondria. High electron-

dense deposits are frequently present in vacuoles of secretory cells, It seems to be

phenolic compounds which is thought as the major secretory precursors.

Key words :

M B

282 Hrt EXHEAL Az X =F A
Az HESe I¢ 38 AxzgEes 74
ol glet. Fr|EA-L B3} ionXNH AEfelA] §
AR o2 BAE AT g A A=x

o] w2 199749 = AFetn e T Aol % 7.

Glandular trichomes, Ultrastructure, Pelargonium, Secretory cell

W 2EdAbe 59 gAEE, wHEAE B8 o
2394, ¥R Ry AR BAL P¥Eke
), o]d EFME SFFE Bulske A1l e
A4 (mucilage gland), 43218 £3geM &
2ala glon A sleRsass EHske &
3} (digestive gland), SE% =7} ¥ 7H3A] 4]
B9 A (salt gland), 133 TR FHAAE

* Correspondence should be addressed to Dr. Eun-Soo Kim, Department of Biological Sciences, Konkuk University, 93-
1 Mojin-Dong, Kwangjin-Gu, Seoul 133-701, Korea. Ph: (02) 450-3430, FAX : (02) 3436-5432, E-mail : kimes@

kkucc. konkuk, ac. kr
Copyright © 1999 Korean Society of Electron Microscopy.

— 125 —



126 Korean J. Electron Microscopy Vol. 29, No. 1, 1999

dddl ¥=3e wix3 (hydathode), FEul7}
TEE FU37] H8 g9E Beiske WA (nec
tary) % £ 4 led, €A ol EulEH
< B3Rl 2ds2 FAHY] A& Huzg
A Bulge] Fiol Wby FEIE= AL AY B
7Vs3kc

= O3] geokst 259 248 " 17}
96l 71 HEAL AL A4 (essential oil)
4] (resin) & 42| 3]E terpenoidsolt}. o|ute]
wax, fat, flavonoid aglycon 5% 3] Ha5,
AL EAT] E9E qume| ez FulEE Zlo
B.Eo|c}(Schnepf, 1974).

FujHA e gl gleiME A4PERALE F2
merocrines] WAlo 2 BEu|EAEE ApAlERlL o
Wb o 2 holocrined] WMoz Bu|EE EAo] g}
o}, o} Be)Rofr]e] terpenoid?] 4%E< canna-
binoid®} #¥]=® o]Z£& merocrine?} WAl& a3
glovt 2ulgAs] AZHFYs)te ofx] P
=5% £33 9o} (Kim & Mahlberg, 1995).

3] A4AEALE Az A A, F=2 3]
o] 59 ATEA == FHEAHE A £ L¥9
o] oz B A I AY, 215
v AsHd 2548 gl o|FeAE B
2o e o} BA& AAstr] g Ads 33
Z, Bui7}e] o] HulER FAAC] o]FoA
glejolat §ho} (Kim & Mahlberg, 1991).

Pelargonium --E-B]E_%:— monoterpenoidE %33
gk o) ALAEA-S Fulslr] wl o) uinpel 4
ARg Bul8 EeigA g uE ez F2FF
gk, BEulExe) E2dstd EAd uE ol JE
a9 553 vibTasd B8 Ad Aoz A7
Hol S}, EWS| Pelargonium F-8] 22 essential
oil& AbEAl, WAl =, s U #F o
AzA A= Ao ¥ 2B oAdAlit
Eol7ld] o9 Rulrizte] fAg A4 W FAY
Hatel =i gl

Aol HH|EAY ¥ 442 A oE
o} siglgaze] I3 A7t ApFHolA Yo, a8
v}, F2 e BN B Pujsls Peled AS

o] 37 (Loomis & Croteau, 1973), terpene, ¢
2 (wax), A (fat) 22 2494 EHE 248
r pulEe As A BE oee dEel A3
742 gel ATl A et

Essential oil& 283 7449 A& dife=
O}iganum (Bosabalidis & Tsekos, 1982, 1984),
Thymus (Brunni & Modensi, 1983),
(Venkatachalam et al., 1984), Nicotiana (Keene
& Wagner, 1985), Mentha (Gershenzon, 1989),
Satureja (Bosabalids, 1990), Humulus (Oliveira &
Pais, - 1990), Cannabis (Kim & Mahlberg, 1991,
1995, 1997a, b, c¢), Rosa (Hashidoko & Urashi-
ma, 1995) Seo] &R et Fule) 2FAFL
2te] Fz9 AA, 23 MELTHY FE =3
ol E7te} Az abgel wie} $-xich o)e|d WA
2 djoll Pelargonium®] B8] 2x 0|83 Q7o B
ST ¥ ol AEY Tz Y A4 dxT
AL HE3) #d 5 e 7P 9 systemo)

% ¥ 4 9o |

Salvia

Mz Y ody

2 A AME Aae Me 3T 249 3
Hozrel U3 A2y (Pelagonium peltatum)
+ APAF Qe AN AAAF

1. FAIMXIHEO|E (SEM) A ZH =

Ae® Pelagonium peltatum®) UL sHEdulA
BloA] 5.0mmX5.0mm =712 AHo = TE F
2417 E9F AhgolA] A3A (25 mM sodium pho-
sphate buffer; pH 7.2, 2% glutaraldehyde)A]Z1
g, U $F9E s 584 33 A3
o, o]% 2AFAF(0sO4; 2% osmium tetroxide).2.
22N B A FuA AFR, FHS5R 5
¥4 33 pAEAT. 9l deke s y=E2 60
24 7+ A= AT Fol isoamylacetates] B
#3tdd

a3 o2, %&A& critical point dryer (Bioradi-
cal E3000)¢] 1,000psi, dALxNN 23& Ax
A, Azx" 232 stubd] IAAIF)F ion coa-
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ter (JFC 1110E, JEOL)& o]43ted 10%3F gold
coating&t 3ol FALAA# U] (JSM-840A, 20kV)
o2 WA

2. S0 (TEM) A=A Z

AR Pelargonium peltatum® WS s2dn]A
o)A 1L.5mmx 2.0mm®) =7z AYE FE
% 247 EoF AL AR (25 mM sodium
phosphate buffer; pH 7?2, 2% glutaraldehyde)+]
7 o, T4 4FAL /AT 534 33 Al s}
g}, o] F 2 A~HAF(OsO4; 2% osmium tetroxide)
22 2A17F Fot AelM FaA A7|n, FHeE
584 33 $AM3lgct. g4t dEed sRE=
60%-4 7t A2 Agsgst. €48 232 pro
pylene oxide® X|#3}e Spurr £ e =rjsii
incubator (60°C, 24X17DelA ZRAA. zeaj”
Z2-2 zutA M 7] (Reichert—Ultracut S)2F glass
knifeE ©]4-3le] 0.5um F72) semisectionS )
248} o1&, toluidine blue-basic fuchsin® 2. G2}
A7z, #3338 w)7 (Axiphot 2, Carl Zeiss)©o &
Faslgct. o] & diamond knifed 7}A I 70nm
2] LA H-E AeJA] copper grid (300 mesh)el] ¥
ZA17) ©H&, 1% uranyl acetate®} lead citrate®
o] 594 (Reynolds, 1963)3}« FHHzdnA
(JEM-2000 EX-II, 80kV)o = -i‘l’%l"&}-ﬁﬁ}

2 3

Pelargonium peltatum< 5 7}A 25 (Type I,
e HEg AYx Uder, o5& ZF 9,
g4, £7], €50 FAFHNUE. o9 FEHel =
short-stalked capitate glands (Type I)7} o] #
Z3lg o) (Fig. 1), wi&EHd= long-stalked capi-
tate glands (Type II)7} © o] -3} (Fig.
2). 8y, 9u9lellE= Type I3 Type I ¥ &5
25 A=r) #U4vh(Fig. 3). Type 18] #¥]3& 1
Ao EuAdzE, 3o HAxE, 178 Z|RAZR o
Foix sisied, WAz 71RAxe) A7) A
2L 471548 Hebisie (Fig. 4). Type 119 ¥
B[== Type I3} 7ol 1709 BulAdlz, 3719 WA

Z, 18] 7| RAZR o]F A YT, HAES
Ael7t EuiNzZ o Z4F Jlem ZAYcHFig.
5).

Type 1 ¥R EA 47} AL Mzat F=
23] fEERA A Bu)te] YAHE o=z
L3, FEEF2 ¢ FEHY2H (0.5 um),
FE S5 QAN AxEE TN dfas
r&igdeh, Bulte] YA EE FHPele @2 7
EZceopyt AT (Fig. 6). Bul7t 327
FulA xo] MEzA7|Ho2ME vEZEEo}l, =W
AEA, A2A, FARA, free PnE Fo] BH
Hex, FEEA A A™MY J3r) & d
s}, 53] tonoplast® ubel ¥8|E3Y A7A =
FARE AAREI} & -0 @ol ARHNUG
(Fig. 7), A&A9 A$ X2 73 7 et
FZolzrl 5 F AR HeHE Az ddd
(Fig. 9). FulHzs} WA EAbe]S) H=zg ule}
g 4o vlEZedert B4y, AP dg
AL #AEGew, WAz EuHEe] ol
tonoplastg Wz} AAL =7} w2 B0 FAHY]
o, AzAL vimd FUsge. YT 39
HzH e Fe[F3o A9 vehtA s (Fig.
8).

Type 19 A48 Eujd =z Fddzr] oS
W} T, tonoplast® Wl EA3IEW AL =
7} & B0 AR Yston, AzAg Fut
stgct, gy Buke EujAzs E9Ra gl
3, Bu7} e FE|FEE oisich Made ¥
v A xr|eke chad detzme|=r) udEA
okx, spdEtrxg A HANAA L RS
EplGieh, WA ZT BHH 29 Fre] Fofzrt W
geislon, ErjMze s ForRE HA o
) AAEACl AASE e vehisic =
g, AEAe AzEs ue) A&t o (Fig.
10). ,

Type 119} FujMZe= i, wlEZzeo},
AE, free FHE T ML) FEEG oA,
Type 13} Zo| tonoplast® we} HAAE=r) 2
EAdo] #AFGD, AL AIL 53] wEs
(Fig. 11). Eu]EAo] i3] Ful=: Al7]d] 4]
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Ao} Fu7} Abele] Mg FAE ARt
W =gl FEHNT, ErlEde AsHe A
AdErl 2 Bde] Eu|FdA BAHoH,
tonoplast& whe} £A31s AALEr] w2 B
QEE 2ed Aoz FAHYH (Fig. 12). Type
9] HAH 2= Type I} Ze] &3 A ol 7]
F3o] WA 43k, Type [3Hs otz Hzuf
ol HAE=Es}F 2 B HARR gt (Fig.
13).

hr N~

AlELE Foial AR E FEHIN| A% AE 1
9 EAel x, FEA=REY A& 3|
A% chFd PeiZl e Nz o BulE: B
39} Whe]7|5-& 4381 ¥]EH| Z (non-glandular
trichomes)$} ¥ AL F4, v)sles 9=
(glandular trichomes)® & 4= gio}. 3] Za)
o AL I o =FE Ev]EA Lol terpenoids,
alkaloids, glycosides® W]%3t ©jekdl o]z} ALE-
Qo] g o] ol ol2igt Woldge v &
Aoz £33 3 v} (Schnepf, 1974).

Short capitate glands® R% 1719 7|2A%, 1
N Ex 27he HAE, Ul =x 27h8 EHAdzz
FA= 31, long capitate glands¥® BE Dl =¥ 2
A2l 71RAZ, 270 572 TR wWAxZ, U
= 2709 ez FAEY 293 Fert o
okslc} (Karousou et al., 1991). Pelargonium pel-
tatum®] 73 K HADA ] U Fu| s} v
¥ulerl g Ao 27, 49 FAg A F
W, zjn gyl RExam glld FE B
ulol7]5-& 3 vEu| R 9 Fgdat
9, 7] SeA A TEAFHNT, FHEAS 21
sty Fujshe BulEe e ALs &7, S
9% 5 AEAY e RHdA delta, 53,
gisiel FFHeor Bz 8| HAZ
(stalk cel)®] Zeol7} B3 EB)7Z}(subcuticular
space)°] BHAIZES EH4LT ¥ Type [ WA
o} Zol7l Zlax HW Pu)7te] Mz 4
o=t FAE Type 12 +8& $ Uk =),

Type 13} Type 119 ¥¥|24& 25 1719 Bz
o 309 HA=E, 119 JRAdzEs TASY U

-

AlEel leiA FuAAE AEueM EXE §
Bl o] & o|FAFIE vl HEA HA |7 o
Foll MzAe] FAA FARS & B3 ohe
12 o Ux& Be= gch(Fahn, 1988). whejrl,
15 Alze 2 93 g2 9 veZsee}, g

Az, FAA, 2HAZA T NzaAU|FHE o

AU Az Mlxete] Mxy
989G o5 EAFoEH FuM e
o EHo|F& ¥¥sd T} (Thomson & Lieu,
1967; Fahn, 1988). &A= 2] 40~
50nmQl o3l M ZAlelel Ea) sl T FAA
(tubuler connection)®, # Wiel|:= desmotublee]
#E4 Qo 1 FL 4AxA 9 dAFY 9ld o
g e LA IFAEL symplastE FAA g
(Brian et al., 1996). ,

ool #AEE 71t FEeA 542 A
a4 s gRLEA ) Frlelsh, azAsh YA 9
= M AA)E= essential oilF} resing Bv]sle= )
29 EAo|t} (Dell & McComb, 1978; Charon et
al, 1987; Fahn, 1988; Kleinig, 1989; Wagner,
1991; Duke & Paul,: 1993). tritefpenesPJ Al
(Goodwin, 1979)%} U]—%‘_U}X]i farnesyl pyropho-
sphate®} °]2XRE] f-=5 %+ sesquiterpenes®] FAl
2 Mzt gHszA A Doldt} (Gleizes et
al.,, 1980, Belingheri et al., 1988; Huguney &
Camara, 1990), dubd o= A4$A En]EA-2 dic-
tyosomesell X f2i gk XAl 23] FH|HE AL

2 o8l x ¢lv} (Schnepf, 1974). P. peltatum?) £
v 2o Bu|7}A 272 Type 1 #H|2E FHA|
Moz "Hztzolmyl Wy ALAE AW UA
I, tonoplastE Wil BH| B2z AlaFE AxUE
7} 52 Ao JEFAT. HWAEE Alolell, WA
o} FulHZALelol] AYPA A} FEAE = e
2 Xo} g3l gymplastic pathway2 ©] &5 31 ¢
& A slger, APAAIAE B8 Qs
= AlzAbolo) ¢l raw materiale] ©)Fdh= AL

2 Bl A%d Type 18] ¥xA 2 WAzl

&d

o

g
> oo,
ol
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M xel 3ol AYY FAxrt W, ¥
7} A %7)) tonoplastE o} FAFH YA AR
=7 B2 3o AR g Aoz Mol P
7o) EH|Atgel] A" Aoz Aladn. RU|EE
ol 21 Sl MEA FHAEA A ddE AL
o, o]Eo] BHAZA 7} terpene secretionel] 3
A Fodsln dur B 4 2} (Gershenzon J,
1989). =3 FHAFT A sesquiterpenes stero-
ids®] A} o5l F23 J&L 3 (Gleizes
1980; Belingheri et al., 1988; Huguency &
Camara, 1990) phenylpropanoids®] A& $]s|A
cinnamic acid®]Al phenylalanine .2 Z3A)7)=
715¢& e} (Schopker et al,, 1995). Type 19 &
HAZAME 2 dgd $HLEA I BEE e
2 Mo} terpened HH|FE o= Al ¥
WEE EujRo] RH|EAl BuAME Az
microfibrillar zone& E3] FE]E3Eo] Azga £
g ozx YA F Eu|7to) A4} (Fahn, 1988).
wba | Leonotis leonurus| M Al EH 9] 2]&2.9]9]
loose fibrillar meshol] ¥u¥]E-Ze] A EHE 7oz
WA= 9 1 (Ascenso et al.,, 1997), Mimulus tilin-
gii FHIRe A RulEA-2 Ay A xyat
olo} EAf3tEd oA Wig HJ] =E Ao
©} (Schnepf, 1974). Fvl®e] =77} 4AHA =
o w2 AEEs FejESe] RIHUEA Eute
3}Adst7] AlZsledl, Type I £¥1=e] 79 E0)7}
2 Aal AAEA ERNE Z27] ojgoz FuE
o ulEAe] A& Eh|FFe] o)A HY B
v s AXNA Hi 67 o)1 e ¢
2 sFolAA & Fo|n. x| Fu7HE ¥ASE
FEIEH MEzHe] FAE fXEe AL RuA=x
o] AP Az e AEHM MR
o] Al&H oz wlEo]R|:= outer wall fibrils loos
ening¥ Aol doji}7] wfFolc}, o|§ A loosening®
ol A&Aor Aol olfi ¥uIZHE Ee|¥
33l e okAEA dla, wd e BvlEds
AAs}7) 93 Aoz AlmET). o|AL Cannabis
sativa 2] A3} At (Kim & Mahlberg,
1991, 1995). Type 118 8|72 Hu|q £ F}
Holoat HAFAUZ Type I3 7ol outer wall

et al,,
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fibrils loosening®Ate] #2= =,

P. peltatum® FR|RE FAsII e WM LY
SRAzHL FE|F3o| WEsidEd, i &
A& Leonotis leonurusA & 22 259 Lamia
ceaeoll A R 1%¢]c} (Amelunxen, 1964; Schnepf,
1974; Bosabalalidis & Tsekos, 1982; Fahn, 1988;
Bourett et al., 1994; Ascenso et al,, 1997). 9|

29| WAz ZHA e FejFEe] wEd 7

& gulgel ARE gelEAdel GRske 9L
S &e 299 AxFe S4HE AE B 9T
Relet.
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£ FFHEn A FAHARE0]F S AREsle] AT g}
. Pelargonium peltatum®] EH¥|2e e} F7]e
g} short-stalked capitate glands (Type I)$} long-
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stalked capitate glands (Type )¢ 5 717 2%z
TEE 4 A F FFY Pons =¥ w29
FH 2 el wo) BEEg

Ful2e 1) FHAE, 309 WAZ, 149 7|2
Axzz o]FoA QKed, EAZE oo $Hs
EA L} AaA, d2, FAYA, njEE=dot & Ut
A ek, B2 dz WoMEe AAder)
£ Bl AF FAFGEH, olES Euine Fd
HulAd7EAql phenolic compounddl Aoz Almd

o

Fig. 1.

Fig. 2.

Fig. 3.

Fig. 4.

Fig. 5.

Fig. 6.

Fig. 7.

Fig. 8.

Fig. 9.

FIGURE LEGENDS

Adaxial view of leaf with non-glandular trichomes and short-, long-stalked capitate glands.
Scale bar=100 um

Abaxial view of leaf with short-stalked and long-stalked capitate glands.

Scale bar=100 um

Scanning electron micrograph showing a large number of capitate glands on the petiole.

Scale bar=100 um .

High magnified electron micrograph of a short-stalked capitate gland.

S: secretory cell, T: stalk cell, B: basal cell, C: cavity. Scale bar=10um

High magnified electron micrograph of a long-stalked capitate gland.

S: secretory cell, T: stalk cell, B: basal cell, C: cavity. Scale bar=10um

Early developmental stage of the secretory cavity showing a prominent thick cuticle detached
from cell wall of secretory cell. Several mitochondria (M) are present facing secretory cavity
(C). V: vacuole, P: plastid. Scale bar=1pm

Secretory cell of the immature short-stalked capitate gland showing numerous vacuoles (V) with
electron-dense substance along the tonoplast. It has also characteristic plastids with condensed
thylakoids. P: plastid, M: mitochondria. Scale bar=2pm

Junctional region between secretory cell and adjacent stalk cell showing plasmodesmata (arrow).
Both cells have well developed vacuoles containing electron-dense substances along the
tonoplast. Note the cuticle of the peripheral cell wall of the secretory cell. M: mitochondria, P:
plastid, V: vacuole. Scale bar=1um

High magnification of Fig. 7. showing the characteristic plastids of the secretory cell.

A large amount of rough endoplasmic reticulums are also present. V: vacuole. Scale bar=500nm

Fig. 10. Low magnified electron micrograph of a matured short-stalked capitate gland. Central vacuole

(V) is appeared in a secretory cell and the vacuoles of stalk cells show their various pattern of
degeneration. C. cavity, N: nucleus. Scale bar=10um :

Fig. 11. Secretory cell having numerous sER (smooth endoplasmic reticulum) and vacuoles (V) with

electron-dense deposits of a long-stalked capitate gland. M: mitochondria, P: plastid. Scale
bar=500 nm

Fig. 12. A long-stalked capitate gland with a secretory cell possesses an enlarged secretory cavity. C:

cavity, CW: cell wall. Scale bar=500 nm

Fig. 13. A stalk cell of a long-stalked capitate gland. Electron-dense deposits of the vacuoles are

mostly disappeared. M: mitochondria, N: nucleus, Scale bar=500nm
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