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ABSTRACT

The glandular -secretory system of the capitate gandular trichomes in leaf of Thymus
quinquecostatus Celakovsky was examined by transmission electron microscope. The
glandular trichome was consisted of three cell layers; an basal cell layer, a stalk cell with
single-celled intermediate layer and a discoid secretory layer with thickened cuticle. The
secretory cell was dense, rich in mitochondria, rER, plastds, Golgi complex and had
many vesicular structure. Typical plastids with reticulate body and plastoglobule were
present in glandular trichome, The kytoplasm of se‘crir;tory cell was filled with osmiophilic
secretory materials. The secretory vesicles, originated from Golgi complex, appeared as
membrane bounded vesicles and secreted to the outer wall surface. The presences of well
developed rER, mitochondria, Golgi complex, and membrane-bounded vesicles fused with
plasmalemma in the secreting cells indicate that the granulocrine mechanism of secretion
was occurring in 7. quinquecostatus, Subcuticular cavity was developed between the
cuticular layer and the secretory cell wall, and it formed above the secretory cell upon

separation of cuticle-wall.
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o722 g AR ol g F oHAEA v
e o TR 4L Al E6)shed,
Uphof (1962)o) o3} «f=] F72] Fu|=2e) W3t 3
g g JlFe] el ghor] FHMEe] M EACA
AEE ¥R EALE FEHES 28 Al THE F3ld]
o] FHc}.

W 2] 8k (T hymus quinquecostatus Celakovsky)-&
EZ 7 (Labiatae)o] £3= 994 23502 2
Abe]} wighzl whg A A MAlE e, 5 el
Fules} Ql, AlE AAd F7)7F ek B3] Y
A v 717k Heix) Sasskel gelgkelet ¥
2w, ol FREXE offHch(e], 1996). el
&3 BEHe w2 W AEE] Z3E 4
Ed, olF ATdAM Hulshe FuEEE W<l
essential oil2 %4ex ot 53] Lavendularsd A
29 A ENAE 930 A27F BEoIA AT
¥ 27} el Aol woizon (Fahn, 1979), %
& (Mentha) AES A% 7153¥ 29 AxA
A ~gHEAL
(Amelunxen, 1964, 1965, 1967). Mewntha piperita
o o)z 25FE yvnd 27 st welAE
(secretory cell), WM X (stalk cell) ¥ 7I1HMX
(basal cell) 5 3719 MEXZ FAHE FA (capr
tate)s} 8708 PHALE TPl & 1079 AE2
T4E Hs A} (peltate) &2 FH-Hot, W]k o7
e epte Ry T2 Y3 (Thymus)
AZEAA S5 dehs FxRov, FuRe ¥
vl TE, Fu)7)z g EulEAe] A #e AL of
2 gl A g

meti] B AT BEES] &3t Heugs 4
=5 N Qo A= BHIEF 34 AER
TAE F48 PR R vy Fx o BujEAe] 34
9 FuAA S AR AA v T2 S 9E]
b v L

M o gy
19974 949 FAEZ AT EdAt AA A

A A8 W3k (Thymus quinquecostatus Celakov-
sky) & AgAY FEo &A AL F, 1~2F Ad

Ao §A50 BAY W s

o2, dE AY ARZ AFEsgE

sFdn A sl Eu g E33 9l 22 1.5
mm X2 5mm2 Z7)|E MAI 9L 3% glutaralde-
hyde (0.05M QlAkebE8<4, pH 7.0)2 HIAAIR
o ol F FTYd dFdosz 2-~33 PAFI 2%
0s04 (0.05 M <lAttZ&<d, pH 7.0)e] F31A 3

+ YFLTE AT I939T, propylene
oxideZ A% F Epon&goo] Eujsigc}. Zwjd
A 8= ultramicrotome (Reichert supernova mo-
de) 22 <F 400~500 nm FAZ A#HA3td 0.5%
methylene blueZ G F FAn|HslelA Fn|
27 24T fosidy, TUT FAL 60mmE &
WA R sl uranyl acetate$} lead citrate® o] F4
A ¥, JOEL 1010 FA3AzH0]7 (80kV)LeR
Al

2

W] el EEepe BHIEE A -8 £ A
A4z Fasglen, FAY PR A% 2Y
HEZ o] Foldl 7IHME, HAE 9 ¥R ER 7
AFd. ZIAAZE o) BIMEZ ARG
o, HAZE 7IAA TN LDt fFozE 24
< e BHAHES 22 G, ERAEdE
SAE BHlEE Eulzte] sl g JAHE
S WAE, PAE PuAT Aols) W2 E
(transverse cell wall)ell= o] H& HE3t= 432
datEe] HEHY. IFo xEFH gl AEy
< 12} {22 FARe glon T wpgZe: Azl
=7 s e gl F4HAT. BHRE o FE A
xo] Tk Eulne] g Ao me} AEav|RE
o FEE A7) G AolAE EAF (Figs. 1,
2). :

1. getEol 2o 2 (Fig. 1)

NS g3oz wgsigen xS e
A2} BYso] Qe AT Al WANEES B
42 Y2 mE B4 BLO 2459 A
AL AT FHR GARGSR we AAYE2
Ashe] AELIBES FEIE WEAS. 93
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ZHof Az =EA 7389 AAEAY ebge
g, 371+ F 300~400 nmZ FdFoz sejgl
P2 AAYEE Jehe A 7|AR o] Feigith

U R FUAHESQ] WA ZY i A
o, ARFE BulAEe FI2 T, HAEY 5
ZM 29 (anticlinal cell wall)-2 7|A AL 24
FHoz Ry HFY FAL AeHEFLE 9§ A
) (Fig. 1, arrow). ®AIE Fololl= 2709 oj§
RE7L At Ed Wielle A=} 2 2
2FA g0l #AHYT (Fig. 1, asterisks) HE
o} WA AXA, nEZ=el, a8T YANL
A Fol AsAEd, AR 7 AddE AR
A=rt 2 739 AFEo] £x )9

FH|Re] weRfel HAg EHAEY s
do| A sHed ¥ AFYE Bolx AL =}
2 oJAYGAAL d7hg aet 2ol =z, AR
Wt w2 o2 Y9 Fopie HAAsge. FulA
X9 Fofof I AXE FE AerFgA EAE
Al el AEAE 2RHAEA7 FAF ¥l
Lo, FAH, nEEZ=el, AAHLA Fo] X
FHEE uel YRGS ZHLEA 9 FAA 71D
9] goduhs zh= AF (vesicle) 52 WA %S o
AA3tA e = FHYE vt AALEE 2 AR
A FEE T AL, ]2 MR FEHAY JE
HE} FAHAE FAo] FAHJTG. =, VAR
oA FHEFHAUW T AAAY L BN xS £
BN

2. BH[7|58 UYEWE H$3 2|z
(Figs. 2-8)

NNAAEE F99 SFEIEgE FEFHA A
o AEZY Fodel HAT dxde AAU=EE 2
A 97 =E vlAARA 240 AFHAS o
2 71 RFel A en, o AGMAAL g vt
2o gl MEZAARELS A PHFEA A 295
At #AHGEY, PEEZEole dYFeR
O EEE el F=2HE W)t EFAA wd
ew, 71 AAYET} ol UA Herh, WA
A g dubHeR fANE A FIH AN E
T S $3A EAeE RAFHAEH S5A

Wiole o] detie|l = 24U AA sl
gl Bu)Ee] ZHqEZA FEIAND FHY
AAH o] ZAA e} DPA FEEN e N Eysa
A st AR B =8 AFA d FAA 7149
AFEL 43T veis W3 EY 2
A RS

HAXE 7|ANE} AARES FAFEE de
HEY Foto] HAstg o, AL A9tS uf
gt ZgAY kel 23 AL gAez AU
o AEdelE 4y dEFe AR gietdA ot
3o glew, Aoz el BujEAY AT
AR F25: ARUEY) ¥ AAEAY EH
o] A=) Ak ol QX FHAe 4£XH, F
A, vEZ=eol, I NaA Fo] HXdE
g, dAade ddydez T o5z Fryle
glerm Bl ¥ HAALAEE vehfle 724
g3l WA ZE 2] S 257 AR &
Egn} 7|28 6= F3e MAA AT (plastoglobule)
7V HAES. =3 g8 HaA9] sAYdE FHat
U7t & 739 Buags daAdLTot 34 4
e, BulA E9) A DR AxAds g5
A& AEel AY¥ARS wet widge] AAHAE
g Aol AAYEE 2= B i U
o] FEEU.

FH| R el HAE FHHEE B8 E o
FI gldlen, AHqEHezRE A Fe g
22 98 Jdd. EuAEE 8Xe] 2 AEEA
FR|RE FA e A2 AEZEY vl& AAUEs ¥
A el AXe] Fdie o] AR FEEd 7|
A 2t WA 2] o vl AALES} A HEY
on, 4F YL Kol AAYEI} 2 o]AY
AL g wel B9t AEAde 2R,
FAA, vEEgel, ZWAXA, MiA, 18z
T3 A8 FuAYEe Ut Folsi A%
A Wiel ARHeH, 2HAZA 781Y 4%
2 JIx Yol HALRE FE3le Ao BH
& 3T AN (Figs. 2, 5, 6). FAA L A2FH
Wb a~602 A HAE FAHE e 4 FA4
2EUe] L FAAY FEA FE sl =kA
of 2t 22 BEg o TR UHUL, AlzEte] <k
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< Ak R 52L& GG AES =
g, AALEE Y 27 g A 7199 a9
% AXEL vEZ=eol 9 ZHATA 9} LY
A s (Figs. 2, 5). Aad e ALY 4725
o] 2 llen, 2EZm} 7AW T3l ER|HH
F AAA AT (Fig, 3, arrow)Ee] #HAFd, =
g, PHEAE A EHE AW FHESES A2AY
FHEE o]FHY FIAE AW EAFAA #
Hol e ALz FAFHE WA Az} F27)
A& =990} (Figs. 2, 3, 4). 37} (subcuticular
cavity)2 &F-9} A3 HEFMETHA FE|FF Aol
A FARHAY NN ERYH 9249 JFeEE ¥
A ZE Feg Buge Hg HY Qe FEHEE
% A5 vepgon, FelF 713 wizgE 84
o HALES i 3 e dAS (wax)
o) 7}¥) £3) & (epicuticular wax)o] FA=FY} A
8L BaAds e MEde] TAEAd HH
28] A ARAE BT At FH7AeE X
Hoz Ry fejg AEYPE EuEA-e o 5ds
E 4 ddch(Fig. 2). ER[AZEHe BEu|ag]E&L
oS F7hE ] MEA A JJehg o ofedt g
=& E3I3 42352 multivesicular body S A8k
F AYAz) Faste] AEZYOR FulgHE 4ol
#FA= e} (Fig. 7, arrow). =3, Ax2HE& 34
I lE FElE3H FelE3 o foes FnEAE &
dEE AeAFA EAS #FFHIG (Fig. 8,

arrow),
o #

SEnl FEQ] FHIEE B AT gl wEigs
EFste EEL AEoldd= A, I3t §4
o] A EA WAEY (Metcalfe and Chalk,
1950; Uphof, 1962; Schnepf, 1969; Serrato-
Valenti et al., 1997), T2 FAA 4L Bu|st=
Roez A glev} (Amelunxen, 1964, 1965,
1967, Amelunxen ef al., 1969; Luttge, 1971;
Schnepf, 1972; Dell and McComb, 1977; Fahn,
1979), A4 43 3 8 SAE Fulshe AL
2 od2A 9} (Amelunxen ef al., 1969; Serrato-

Valenti et al., 1997). =31, W2|dfor] WA=
FAY SHEE 2 AT 2 AY Jdubles
sl ZIANEZ, HAE P FHHEZ o] FeiA 9]
= 7le= 48 9iod (Fahn, 1979).

FHAES] A EANA BHFHE 2FEL AL
7t 22 EASE R 9lor (Luttge, 1971;
Shin and Kim, 1994), =3} Eu]7} 3 Ae] Ty 2
v R A N7 E s FuMEY AzA
< AU A EA7) R wol FET 9l (Kim
and Mahlberg, 1991; Mahlberg and Kim, 1992),
2uRHF FAH B AAYES} EE o4
Pudel 2xel: Aoz AelA U (Schnepf,
1969; Wollenweber ef a/., 1971; Dell and McComb,
1977; Oross and Thomson, 1982). ¥ &3 ZAi}e]
A= 2Hne oled S5 S45E #3Y 4 9
e, EHRE o)FE FuHEE AT YA
Fo Hle] M EA] AW T AEAVAES
et e, AAdEs 5 FuEAE X
3 Qe Aoz Hl=

WH| R} AAH ez Rielr] YeiMe B EE
NAH EANM Asja= HAZZE Jaspe, o]zt
WAZE AAE AT 724 AL AU gle]e}
& Aelgt, 13d), WA EY #EM 22 A3 7
2= glel, MM ES At FEIEEE R
Y HAE FHAM ARaFo2ty FelE239
olgg T JlEd e Aoz ¢EA v (Amel
unxen, 1965; Schnepf, 1972; Dell and McComb,
1977; Serrato-Valenti et al., 1997). ®Wg]gke] 7
F WA Zof| dgEe AR R AR R
B &35 FAL FEFFe] wEs glgloen,
3h o] FE]EEel BujHEE T Bulde 9=

93 Sy FEEES 925 Yepd, WA Ee
P EH] FE|FES I3t AfAaZoez £
B9 ojehs Tt Aoz Yz

B R ARl e AL QX Fe] FEH
Acked g4E UYL} Exae Ao IHA
2™ (Esau, 1974; Kathryn and Mahlberg,
1980; Albert and Horney, 1983), o] <jZujoj:=
Ae2gA B4E TSI 3l Aoz EuHYR
1968).

ek

do t Jr

(Amelunxen, 1967; Harry and Lersten,
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£ dFoAE A 5E TR E St dddt A
chgt Axel, FuEAY HFEAZ YZEHE s
B4 EAE] HAH sleS AFF 4 Addd. 2
i, AR PRsE "9 AsT R
VA ES] A AAEE} & 2AE T3
+ AYAEES b4 2 4 g, ol &
HAZEL FH7L o] FoiRlo atet AE o] Foiq)
D HEAE AEA 2 AR YRR JFAIE +
Bz & e o Aztdd. ol2et AL o
H BuA xS A4 AES} wleJglL, extraplasmic
space’} Z7}sttl= ¥ T (Amelunxen, 1967)% Sl
A, .

detee] Fu) R gad] n|EZEe]olr} FE3}
o, oEX AEvIe FHE YA Rt
o, 4gAd=3 YAA HR8h= (Luttge, 1971)
Aeg A slch. WEEke] AfelE, FulAEy
of r]EE =g elr} de XL glgler, =3 &
HEAS HHEe AEA7|S F PulEds 43
A A o], vlEZEE]olrl Fu]EA ] Fule
Fefsle oz QYzgcl. a9, W EulHZ
ol Sl MEEE ok Zaeh o B
A WSl slgom, Ae AAUE o} w
FAH

Ful715 S Bdes B Eddls A% A7) 53
wdsled, ERlEAL] i A S det 2daz
A (Amelunxen et al., 1969; Esau, 1974; Galatis
et al., 1978; Oross and Thomson, 1982)1} Zwi4
¥4 (Schnepf, 1969, 1972; 1973;
Wollenweber et al., 1971)7} s} A}, o F 4
24 3F (William et al., 1976; Platt-Aloia et
al., 1983)7} Wgal7| = v}, wWi2]de] 2ol
HAZARGE 2HATA 7 de] XA 9], =
aEANN B2AE e AR Yrde
3 AZAE Wl HAH AR, PEEE
, FAA 2 AAEES} ¥ 2RAHT AeAFE
A2 A9lE A T3 A AABL Qe
ZA7E FHlEe 4 2 5 7leE F982 A
Aoz A7,
polA RN BAA FHE sl wnege
o (Amelunxen, 1964; Luttge, 1971; Schnepf,

Heinrich,

b oo & 4n B

1972), 53] 4244 Ao AAHE Fdole A
A7} st 10~15%2 FAALEVE 748,
Fulfol] agg Fulshs e deA g (Amel
unxen, 1967). Wej3ke] A%, FAA7} LEA
o} 2 o apofe ti EEFI glglon], E3
A& B R BuAENE o1 gt o B w

FANEE 55 Az, AAT] FAHAA )

FANAHW} BRAE AL Mo}, W)
RN AEs FA4 BAL 2AAE B
Hlshe ALE BHE 4 Aok 29 Wl &
s BES] Sobt dalg 4T PulzdAE 2
A 2o M EANA &L Z essential oilse] A
= 7oz 93 FHt} (Amelunxen, 1965),

Rl Edel] EEE A AE FH E]
T2 wet qefat FHE ARSEY, ALIEA
(Harry and Lersten, 1968; Lenore ef al., 1981;
Lenore, 1982; Fineran, 1982; Albert and Horney,
1983), =X YA AA 2 eldo (Nessler
and Mahlberg, 1978, 1979; Nessler, 1982; Oross
and Thomson, 1982). =3} MAA 9 FFEX ok
a7 velhbed, A, AA) slE AR el Aa
Al EF=7]x= &} (Flemion ef al., 1967;
Marinos, 1967; Gifford and Steward, 1968; Cran
and Possingham, 1974; Hoefert and Esau, 1975).
olg MaH FHEL AR JTE FIEA
v} (Newcomb, 1967), "elRo]= AAel] T3}
* g} (Salema et al., 1972). WE)3ke] A, AL
A Aol depZe|= F&7) wokstal, AXS Fi3t
I A g, F4 el A 2ARA 2
Heol s Aoz FASE WHAd ARG F
Z (Shin and Kim, 1994)7} ¥gd Ho & Hol A
AAAAM FuEAL dR7L AAH 9R2 | H
Aoz Beld. g, AiAd i 239 A
ALE7E FAA FAE HHERE 2 24
o] AAEEe FU3A BAFe], Hesfe A4 4
A FHEL AR s HREe Ay 1)
715% e AoE Y2Ed

wetA, & A7 AR5 N Ay, AexF
S Tfehe AaAd AAEES 2 AR S
I3t 2AA7E §A4 EAY B0 7)) AR

oL

e ode oo B2

o Hr oo

)9
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AE Aoz AzEw, Pujatges zd4EA, A
22FAH EAS s A g v|EEEe e} Fol
MZ d/YE Ze AR AREY, Az
Fu]7] 3t dEfiM e o2 o g a7} APHe]
of & Zelrt, I, FHIHZAAN FH7I5S BT
e A X471 HEY 729 Aol deiMe o8 A
H5o] HiEHe] gl ¥ (Luttge, 1971; William
et al., 1976; Kathryn and Mahlberg, 1980;
Fahn, 1979; Nessler and Mahlberg, 1979; Fahn
and Shimony, 1996), A &3}Al deix|#] ¢ 9=
AlA et}

Wejgre] FH|RE TASE AEE Abe]d ® A
ol dPAdi byt BxI}T e, o3t
YA HAE g T B TRAAME FAHY
t} (Luttge, 1971; Wergin, 1975; Fahn, 1979;
Oross and Thomson, 1982). o]&3t AJAZ Ho}
olelgt YA GA = FH A ZNAM FHEE FAIA
24 ATEA o MM ERRY HAEE 3t
of FH|A Eo] o]27]71)¢| symplastic transport®]
ez A7,

g, W A, 724 2uY A B4
Ze] ggle] oAl %> A (Luttge, 1971), ¥
MM Z8] AE A EAC d4d AAdES 2 4
FA 9 FAA 7YY gEe] 43S o) )
938t 9l+= A (Harry and Lersten, 1968), 181
| S5 G AFEe] multivesicular body S
FAsle dgALA et A4e] FAHE A
(O’Brien et al., 1996) 592 Hol x4 EAo]
FHAEH e 8 EuFE AR Ao

27

[N

=2
=

st=AL W2 3F (Thymus quinquecostatus Celakov-
sky) e X3l FAY EHEY n4 72 A
Y EAY A J AR E AR AE o] 43
o #AHA.

FHEE e HMEFor FAFNUS Z2 &4
22 FAE JIAAES, 15 HHAE 2 v Fd
FEHEE 2 FHAHER o] FoA o, FH[A 2
ol o& N XS vlste] HAEEI 24 e

Amelunxen F,

o ME el AELrHe vlEZEee}, xw
2, AxA, FAA 23 FYFEA BREY
o, ERAew AL Fxe} AL FHat
r A4d7t #BFeh. BulAEY AEA = 2o
AFY BAZ A5 A Udld BHAEA ZAA
798 Bu g Gyae s A8ART $H5o
AEHoE Fugel HAT, =g, ¥uEAY
rzel a oo vehts gy ¥
A, slEZ=Yl, FAA, 22T 4YA4H e
= wang o] BAHE Ao uFe] Kol FY
4 Bule] ol o] FolAE Aoz Wkl )
e FE| 227 AEHold] YHHEY, A2
3 AEeo] Helsmal BulEe] e F4H
o},
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FIGURE LEGENDS

Figs. 1-8. Electron micrographs of capitate-stalked glandular trichome in developing leaf of Thymus
quinguecostatus.

Fig. 1. Early development of capitate-stalked glandular trichome., Glandular trichome was consisted of
three cell layers : a basal cell layer, a stalk cell with single~celled intermediate layer and a
secretory cell. Stalk cell showing the osmiophilic materials containning vacuoles (asterisks). The
radial walls of the stalk cell were completely cutinized (arrow).

Figs. 2-8. Mature stage in capitate-stalked glandular trichome,

Fig. 2. Showing the trichome secretion and formation of the enlarged secretory cavity covered with
cuticle, The expanded vacuole was central portion in bésal cell, The stalk cell had the plastid
with a densed osmiophilic granule, The cytoplasm of secretory cell was dense, rich in
mitochondria, rER and Golgi complex and has many vesicular structure.

Fig. 3. Plastid was dominant organelle and contained membrane-bounded osmiophilic inclusions and
plastoglobule (arrow).

Fig. 4. Plastid was observed that contained a structure that resembled a reticulate body. The
osmiophilic secretory product migrates from central region to peripheral portions of plastid.

Figs. 5, 6. Secretory cell of glandular trichome. Golgi complex consisted of well developed cistenae and
secretory vesicles. Enlarged portions of the rER were :;frequently associated with Golgi complex
and mitochondria.

Fig. 7. Secretory cell of glandular trichome. The cytoplasm of secretory cell was filled with osmiophilic
secretory materials, The secretory vesicles, originated from Golgi complex, appeared as
membrane bounded vesicles (arrow) and secreted to the outer wall surface by exocytosis.

Fig. 8. Most of the secreted materials passed the cuticle. Note the loosely arranged fibrous wall
materials and osmiophilic secretory products along inner surface of cuticle.

Abbreviations
BC : basal cell N : nucleus
Cv ! subcuticular cavity P ! plastid
Ch : chloroplast Pd : plasmodesmata
Cu ! cuticle rER : rough endoplamic reiticulum
CW : cell wall SC : secretory cell
G ¢ Golgi complex TC : stalk cell
M mitochondria V ! vacuole

Mvb : multivesicular body ¥ osmiophilic materials containning vacuoles
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