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Callose Plug Formation and Plug Ingrowth in the Pollen Tubes Grown in vitro.
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The time-course of callose plug formation and plug ingrowth in Camellia japonica
pollen tubes was followed by differential interference microscopy, and the effects of
detergents and other chemicals on plug formation and plug ingrowth were examined.
The callose plugs were formed at regular distance intervals during pollen tube growth,
but not after the tube stopped growing. The number of plugs formed was strongly
correlated with tube length, and plug formation was not influenced by any chemicals
examined. In contrast, plug ingrowth proceeded even after tube growth had remarkably
reduced or stopped and that of plugs formed in the vicinity of the center region of the
growing tube was most active. Plug ingrowth was promoted by detergents, CHAPS and
digitonin, and also by trypsin. These results suggest that the mechanism of plug
formation differs from that of plug ingrowth, although both processes are closely related
to callose synthesis. The results obtained in C. japonica pollen were compared with those
for other pollen of other species, and the differences among species were discussed in
terms of callose plug formation.

Key Words : callose plug, callose synthesis, detergent, plug ingrowth, pollen tube

&

il

HTE OB TE, TEREHRRECHEVI o — 2
MWERE N, ERNPESNTERE Y A b v Vi
RSB 5 4 b v ovoi Wiy o3,
RS NFch o — 2 TIERE S & AR RIE S AR A
o — 20 ZREIEE (WAKE) Baohnsd. 2L
THo— DR ENAREICB LT, Jerbiigss
KLk 2H 0 - 2BROEPIIRICOVTORE 9 &
PETEMEIC L 37 0 — 2R OMAESE O P ED
R DREFRIREROBE "V AREsh TV
M, INODAA=XLEBHSHTIEEY, Floho—
ZEDOEHRDF A -2 THY PV, OIS

0= REEMBEFICHEBRLTVWEEEZ SIS, L
LB DA 0 — 2 &EICBIL TS O O »
HOoMNBD, he—REGKESN o — ZBREROBERE
Bl ST, —ic A o — 2 SR gk e
SV, BEICIRGE L o & AR RSBl L1
LEicarons, Fhoy afthrfve, RimEH
FIDE P A o — 2 SR ICERE S 5 W (RHEEICE
AdallTcrom—2aNERET ST &MHR
O XN TVWE, FITIhSHIRESEIC, T
DR T A o — 2T & = DNH R ERER A 5
Mt B—Bhtd B0z, $TELADOEKD A o —
AR E WA R AL C RBIE L, i RifiE
HHI LM EHREEYEDS 7 0 — 2BRERPZON



14 /IBK o FEH - ks

BRI E D& KB G A 5 ER LT,
ME LR &

1. fE

V3% (Camellia japonica) « F + (Camellia sinensis) *
Y+ v A (Camellia sasanqua) < 7 4 ) 51 54 =
(Erythrina crista-galli) OBITERTOIED & #%H0,
BAIF & B 7%, i (0.35mm # v ¥ ) %@ L T/
DEEEDI. LRy ) rrvesbicfifgT
—25CTRfELI.. 7y Ry 2 (Lilium longiflorum) «
#1732 Y (Lilium speciosum) * ¥ ¥ ¥ 2 v @
(Antirrhinum majus) « % X3 (Nicotiana sanderae)
A= 3A 7% (Oenothera biennis) D{E¥ %, B
B L7 AED# > SFELL TEB IS L 72,

2. e ks
BEAREE LT 0.IM v 2 B —1.2% JEKEH % (%

MLz, ssicEMEREMEE LT, 2 ){EmTiE
Tk (1.6mM) %, v+ &4+ v AR TIRg
M7 w73 v (BSA, 0.5mg/ml) ZHAES
s fe.

3. L E ORI

254 K752 FIC2F o— viIgE o pyfh o
(21 X 29 X 3mm) %, = ornckss fFk L,
Bt o by A2l CBIRICEIR L, Hx— 75 244
BT, R LB 2 M0 T M ss TR
L, HER, s RFET2ETR 1096 =1,
FEI D SRR 8 WER & T3 30 40 =iz, 8 R 12
B T3 1 RSB =0, £ 0% 20 R E c it 2 1%
b it - 7o, {EBE, »o—2H, IEHEED
ESOMEICRI7ox—y -2l L, BEOEH
I L7 b ROMEMEIC>LWTIE L, BIg%: 3-
T Dl L /e,

Fig. 1. Callose plug and plug ingrowth in pollen tubes of
different species.

Camellia sinensis (a), Lilium speciosum (b), Nicotiana sanderae

(¢), and Camellia japonica (d-f) pollen grains were incubated on
medium containing 0.1M sucrose (a-e) or on sugar-free medium (f) :
BSA (d, 0.5mg/ml) or CHAPS (e, 100nM) was added to the
medium. Formation of callose plugs (arrowheads) in L. speciosum

was different from those in other species, and the callose plug in the

pollen tube grown on the sugar-free medium did not partition the

tube cytoplasm perfectly. Arrowheads indicate directions of plug

ingrowth. Bar=50um
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Fig. 2. Time course of callose plug formation and plug ingrowth

in the pollen tube of C. japonica.

Regarding the eighth callose plug formed (arrowhead), plug
ingowth was examined after the pollen had been incubated on the
basal medium for 5h (a), 6h (b), 8h (¢), 10h (d), 12h(e) and 16h (f)
with a differential interference microscope. Bar = 50um.
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Fig. 3. Effects of chemicals on callose plug
formation and tube growth.

C. japonica pollen grains were incubated on basal
medium (@) containing BSA (A, 0.5 mg/ml),
digitonin (O, 10nM), Tween-20 (A, 100ppm),
CHAPS (M, 100nM), Triton X-100 (<, 1ppm) or
trypsin (@, 5ug/ml) at 25°C for 20h.
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Fig. 4. Time course of callose plug formation and
tube growth in C. japonica pollen.

Callose plugs were formed during pollen tube
growth on basal medium, but not after tube growth
had stopped.
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Fig. 5. Effects of chemicals on callose plug
formation.

C. japonica pollen grains were incubated on basal
medium (@) containing BSA (A, 0.5mg/ml),
digitonin (O, 10nM), Tween-20 (A, 100ppm),
CHAPS (M, 100nM), Triton X-100 (<, 1ppm) or
trypsin (@, 5ug/ml) at 25°C for 20h. After the
first plug had formed in the germinated pollen, the
distance between two adjacent plugs increased at
constant intervals with pollen growth ; the distance
between the aperture of the grain (G) and the first
plug fluctuated considerably in each pollen species.
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Fig. 6. Period of callose plug formation.

C. japonica pollen were incubated on basal medium
(@) or medium containing digitonin (O, 10nM).
Position numbers were assigned in order of callose
plug formation. In each callose plug, the period was
measured from the beginning of plug formation
until the partition of the tube by the plug had
formed.
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Fig. 7. Time course of tube growth and plug
ingrowth in C. japonica pollen.

The plug ingrowth of the fifth plug formed was
observed. Note that the plug ingrowth starts at
about 6h of incubation and also further continues
after the tube growth has stopped.
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Fig. 8. Activity of callose plug ingrowth in C.
Jjaponica pollen.

The plug ingrowth elongated toward the tip side
(black area) and/or grain side (gray area) of the
growing tube and it was not observed in the grain
side of the first plug formed.
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Fig. 9. Effects of chemicals on plug ingrowth in C.
Japonica pollen.

C, control ; CA, CHAPS (100nM) ; Tr, trypsin (5
ng/ml) : Di, digitonin (10nM) ; TX, Triton X-100
(1ppm) ; Tw, Tween-20 (100ppm) ; BS, BSA
(0.5mg/ml). The activity of plug ingrowth was
indicated as the volume of the plug ingrowth
formed because besides the length, the shape and
width of the plug ingrowth also were affected by
chemicals ; the shape of the plug ingrowth was
regarded as cylinder-like and the volume of the plug
ingrowth was estimated.

#1 o — 2Rk U T 38 RS 13 -
tohs, FOWHKEICH LTI CHAPS, Y+ +=v,
M) 7Y MBI AR LI, o OYEIR A B —
2GR EEMAL, RT3 EnmonTEY MV,
NAREDRERZFDALEEZONS, £hho—2
SR EBAR LTV B A o — 2R A 2T 180 -
fHHRE LT, Ho-—2pEkofiticsnaid,

Memsds v, TlicRINSOWMEEBIEHES, £L T
COBREERBINES o —REGKEREL SV &
BEZ SN, NAHNEFEMESEIER S ERR <
DT, TOBDAH v — 2 GEUFEREREN: & 3Bt
¥, INSOYER N e — RGO A IIER L Tt

16

[12]

£

3.

k-

o

% 12

=

]

s

&

|

(@)]

=

o

©

o 4T

e

=

O

:
0

0 10 100 1000
Concentration (nM)

Fig. 10. Effect of CHAPS concentration on plug
ingrowth in C. japonica pollen.
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