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Effects of Intracellular Calcium Antagonist, TMB-8, on the Construction
of Pollen Tube Wall in Pinus bungeana

BAI Xiu-feng'”, LIU Xin-xin'?, WU Xiao-qin'?’, ZHANG Dian-xiang

(1. Key Laboratory of Plant Resources Conservation and Sustainable Utilization, South China Botanical Garden, Chinese Academy of Sciences,
Guangzhou 510650, China; 2. State Key Laboratory of Systematic and Evolutionary Botany and Evolutionary Botany, Institute of Botany, Chinese
A cademy of Sciences, Beijing 100093, China; 3. Graduate University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: The effects of TMB-8, an intracellular calcium antagonist, on the pollen tube growth and cell wall
construction in Pinus bungeana were investigated by means of fluorescence microscopy, laser scanning confocal
microscopy, immunofluorescence technique and Fourier transform infra-red (FTIR) microspectroscopy. The results
showed that TMB-8 inhibited P. bungeana pollen germination and tube growth in a dose-dependent manner.
Normally growing pollen tubes displayed a typical tip-focused cytosolic free Ca’* concentration gradient, while
the Ca’" concentration gradient dissipated in TMB-8-treated pollen tubes. Cellulose and callose were distributed
uniformly in the wall of pollen tubes; acidic pectin was distributed in the tube wall except for the apex while
esterified pectin was present only in the apex. In TM B-8-treated tubes, the content of cellulose, acidic pectin and
callose increased while esterified pectin decreased in the apex compared with the normal tube wall. It indicated that
the intracellular Ca’* was necessary in the formation of apical cytosolic Ca>* concentration gradient. Inhibition of

intracellular Ca®* release resulted in the arrest of pollen tube growth by the modification of cell wall composition
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in P. bungeana pollen tube.

Key words: Pinus bungeana; Pollen tube; Ca’* ; Cell wall; TMB-8

AER R R T M ) 52 G o o v el 2 A LA
MR ERAA , HAT S AL (9 TR B8 e A4 G I 3 A, R A
SRAFFEAE Y Al A H AU N R AME 5% I8
BOXRGE . AL M A0 4 A 40 M B b, 2B 45 IR AR
A AR T 40 B SRR ZE A 1) 2 1l 32 Bl , A
P AR A1 R T A 4 IR 38 1% B AR R 4 T g 5
HaEl, AERET AN AR T A S IR A
DAHERS TR IGIZ T, i AR 75 2 — 2 (W e v i 45
AR AWK, Ca¥t BB SN B
ERNEEWES T, T UDELS-SHEES
R AR A e iy T Y

e R S A Ae T, JIt LA A R 4K
Y B B WS IR M T o O 1 S AR A A5 I A
JEAR , BB K Db A — R B, T X R X
P 2 EhY A T i 280 R S 4 M 1 vy 3 P A A 2 o
11 RN 4 6 ) oy 2 r N ER e N R D A WA Y 1
B Y HRE IR L 7 L A TR 9T, SRR WY, e S
MR A YR R AR R LA & PF
NSRS W I LA S 4 MO RE R 1 o (HLR AN ) A
YAER A, JL 40 2 W0 4L A AR, T HA
) KR A -t 2 S I 45 W0 LG 5 A
KR T , 2R g 2 AL T AER A5 RE I B )2, T
£ 2210 %5 B8 B HEF J5 1vg v LA S e 26 A AR K B
Bt A B N B IR K SRR W, 7 M F
FEWI TR AR BRI 23 A F AL, Y R A L S o
FeNBH , BASVER DR AN RE " . I e
H 38 & A BT B AR 2 L% 8 1 (arabinogalactan-
proteins , AGPs), Ifif HA5 W[ fB 45 Ca* " JL & 5 E#H
B REYI TR (G AU R I K

12 P ARl M ol W 7 IS B EL B Ca " AE
B EARRAM ,Ca " BB RN
KT, 685 DR AEEWREM R ca®, H
Ca’ " YR IE BB S AT SR A B A K —Fh 3k
ARG AR ARG A i A &R
ZIRER™ . RIS Ca* BRI Ca¥* WL,
SEE ML Ca® " Y JBE 6 B2 1R L 13 A S AE A5 1) I
AT BRI, A G P9 45 A AR A KB
W TR AT o TR W I AR A K
FAHYIA LG, BA SR W R R G R AL,
T H. 55 41 M s 4540 55 M N A 4% i L U8 X

HERKERMN , Wik, Ca®t 7E 8 TR AL B i
RAEHE AR P 4 DL S il T8 T
MY TR — W5, ASCFI RN Ca " #5391
7 TMB-8 (benzoic acid derivative 34,5-trimeth-
oxybenzoic acid 8-diethylamino-octyl ester), XJ g N
Ca® "B Ca® " YR EEBE B HL R B 41 R Iy Ay
DA BT AR A K Z Y 26 R FIFSE,
s Ca? " AEAEY S A K L R v (4 P SR A6 R
(S

1 AR

1.1 gk Fr R = EiX 7

| B #5 (Pinus bungeana Zucc. ex Endl) fE#; %
B EBE BRI BT . A I B PATOR Z i
R AT BK, B =T 4% 48 b, I T
PRI BUAERY ,—20°C T ¥ R A5 o

TMB-8 }% Calcofluor W || Sigma 23 7] ; #1755 [
Ptk JIM5.JIM7 Fl JIM 13 Iy [ SRR 2% K2 Paul
Knox S5

1.2 {HEF

PRI B AR AEHT 10 mg, A% 35 T P4 30 min,
V2T 10 mL ARAEB AR IR W (15% HEME +0.01%
H,BO, +0.01% CaCl,), £ 25C F K100 r min™')
3R, TMB-8 FHJG/K — H S WV R A, it i
107 mol/L. ¥ I 47 WK , ¥k I 6 B BE R 0.1.10,
25.50 K 100 wmol/L, ¥ Wu &1 {7 ¥k &iit 4k
U R R AR R K EOR, MR E WK ERF
AERYRLIY EAR , WA R AE Y RLEE & o AEMHA S
F%36 hJ& , REBE 12 h U AR S, T 4% 2R
il % 30 min, 7ERBIHEL(OLYMPUS, BX41)F %5
EL Wi &AL, F] Image-Pro Express 5.1 #f:(Media
Cybernetics, Inc.)Jl & 76 43 45 3&58 22 48 13 45 Joc T g
PR, BEANRE L 0T 200 NAEIYAS, T ¢ Kes 2y
B A B X v 1 25 S S PR AR
1.3 Fluo-3AM (i3

R 7RI K AERYE  Ca® T M AR, B
A F e K, B %% 60 h IAERHME A9
Fric. FERSMIA YRR TMB-8 T 3538 1 161
% 60 h )7, ZEHEFEEEHHIA 1 mmol/L Fluo-3AM &



5

I 75045 : INES RS U] TMB-8 X 11 B AR B IS 40 A i () R 465

LYRIEN 10 pmol/L, RS J5TF 4C Tk 2 h
SR, SRR 1 h T, FEBOGH R LR A WAk
(ZEISS LSM 510 META , & J 1 488 nm, & 513k
K 522 nm) FOFAESE HEA T, 0 AL IR
i Catt A B
1.4 1N E MR ER A3 ERID

R T R N 5P Ca® BB M G A
A1 R LA R AL , 8 TR B PA A4 5 41
MR O AT R M S , B E % 84 h S4BT A K
TR WA 9O bR IC . IR 4% 28
F RS 11 AN Il ok BF TMIB-8 A3 11 B2 IAAE IS 45,
4331 100 mmol/L [¥) Calcofluor(bric £F 4 %) A K
0.1% KWk R 1 22 (B 1 IR JIR SR of A 493 485 40 M e
AT, 986 B4 8% (OLYMPUS, BX41)H4%¢
™, RV STREBIAR JIMS (bR iC PR R 5 I )
JIM7(BRic BR AL SR I 7)) AT TIM 13 (B AGPs) X 4
B A AT IR B RIBOBHI L R A BB
(ZEISS LSM 510 META ,# & J 1 488 nm, & 513k
+ 522 nm)ZH-REER

1.5 HEMHTHREMAIMLE

FHAE L AF e B 4% 40 4h O % (NICOLET
MAGNA 750)%} 1IEH PA & 100 pmol/ TMB-8 Ab#
JaEA 84 h IR) 1 AR A6 5 T it 440 0 A 64 74
IIHT, eI PR N 8 om™, W #E Fl 2000 ~
800 cm™ , HHHRECH 128 kM,

2 G5 Mo AT

2.1 TMBS MO M EBHEMEBETEKY
A1

g% 84 h RSB R R, SRR, HK
AR AR B IR 4L LIS, iR R K 85.5% , H
1 pmol/LF 10 pmol/L ¥ TMB-8 &bB1)5 , T M Wi &
I AS A A B2, M 25 pmol/L, 50 wmol/L Fl
100 pmol/L{¥) TMB-8 AbBHJ5 IR ALK 0] & R 43 3 A
68.5% \573% LA 382% (1 1), &t KRR, 2R W
Hit (s =472, P <0015t =713, t,4, = 1228,
P<0001), XJHEEAEHE ) 1 S AR BB B IR - 2
R AN 45.6 pm 47 B KIEH, KBS
K, HREA], 15 84 h R INAERHE L KR8 (A 2,
B 3A), 1 wmol/L Al 10 wmol/L TMB-8 4k Bl 5 ¥
AERY G A K B 8 5 0 ) 1 22 R S 3, 2 0l
453 pm d' M 41.6 pm d', 25 pmol/L.50 wmol/L

A1 100 pmol/L ff) TMB-8 AbBl)5 , £ K4 KW B
HFX I BB T4 KZEWHSN, JEAEE
R, FEERI A TN KA R (K 3:B ~ D), 2>
HIWEREA R EAERKRAL (B 3C), &
25 pmol/L.50 pmol/L A1 100 pmol/L ) TMB-8 4t
PG, A I T By K s R0 R 36.7 pm d7!
(t=433,P<001).29.5 pm d"'(r =7.84,P <0.001)
231 pm d™ (¢ =10.83, P <0.001), 5% K25 R
B E A W 2, K 3:B~D),

1001

80—_1_
i

i
t

20

M 1A R R
Pollen germination rate (%

L 1 1 1 1
0 1 10 25 50 100
TMB-8 (umol/L)

Bl1 TMB-8 X5 B ARTER B R IR
Fig. 1 Effect of TMB-8 on pollen germination of P. bungeana
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Fig. 2 Effect of TMB-8 on pollen tube growth of P. bungeana

K3 TMB-8 % [IBMIERIES K. A. % ;B. 25 pmol/L TMB-8 , i WLAEMY & DURIE K CRAHL7R); C. 50 pmolL. TMB-8, ZHUEME
TSRS K (RAAETR), 18 WU Pk B AR (M 6.8 35 77%); D. 100 pmolL TMB-8, 8 & 46 5 M4 , H 2 3% K (B L R).
Bar =100 pm

Fig. 3 Effects of TMB-8 on pollen tube morphology of P. bungeana. A. Control;B. Few of pollen tube tip swollen (black arrow) cultured with 25 pmol/L
TMB-8;C. Most of pollen tube tip swollen (black arrows), and few bipolar growth (white arrow) cultured with 50 pmol/L TMB-8 ;D. Germinated
pollen tubes are short, and most of tip swollen (black arrows) cultured with 100 pmol/L TMB-8. Bar =100 pm
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Bl 4 Jf Fluo-3 AM ARICHI BB AN 1 Ca?* M o A: )| ;B: 25 pmol/L; C: 50 pmol/L. TMB-8; D: 100 pmol/. TMB-8. Bar =50 pm
Fig 4 Intracellular Ca’* distribution in P. bungeana pollen tube marked by Fluo-3AM. A: % J# Control; B: 25 pmol/L; C: 50 wmolL. TMB-8;

D: 100 pmol/L. TMB-8. Bar =50 pm

A B C

El5 TMB-8 %f [ B ARTE M 45 4w B v £F 4 3 55 BRI 20 5 B2 . A ~ C. Ji] Calcofluor #RiC4F 4E & ; A. %I JiE; B. 50 pmolL TMB-8;
C. 100 pmolL TMB-8; D ~F. JIZEM 247 C BHIRE ; D. X J|; E. 50 wmol/L TMB-8; F. 100 wmol/L TMB-8, [ knIEM S 96 6H0R X

A ~C. Bar=20 pm; D ~F. Bar =50 pm
Fig. 5 Effects of TMB-8 on cellulose and callose distribution in pollen tube cell wall of P. bungeana. A—C. Cellulose marked by Calcofluor; A. Control;
B. 50 pmol/L TMB-8; C. 100 pmol/L TMB-8; D-F. Callose marked by aniline blue; D. Control; E. 50 pmol/L TMB-8. F. 100 pumol/L TMB-8. White

arrows indicate strong fluorescence regions. A-C. Bar =20 pum; D-F. Bar =50 pm

Bl6 TMB-8 XI B ARTERME AIMLAL SRR R SPT A PR E S 0T S . A ~C. JIMS #ricRYERBER; A: XTI B: 50 wmol/ TMB-
8; C: 100 pmol/L. TMBS ;D ~F. JIM7 #RiCBe LRI ; D. % E. 50 wmol/. TMB-8; F. 100 pumolL. TMB-8; G ~1. JIM13 #xic b1l uiE
F;G. Xf; H. 50 pmol/L. TMB-8; 1. 100 umolL. TMB-8, #ikRIEM MM XIR ., Bar =40 pum

Fig. 6 Effects of TMB-8 on pectin and AGPs distribution in pollen tube cell wall of P. bungeana. A—C. Acidic pectin marked by JIMS; A: Control; B:
50 pmol/L TMB-8; C: 100 pmol/L. TM B8 ; D-F. Esterified pectin marked by JIM7;D. Control; E. 50 pmol/L. TMB-8; F. 100 pmol/L. TMB-8; G-1.
AGPs marked by JIM13;G. Control; H. 50 pmol/L TMB-8; I. 100 umol/L TMB-8. Arrows indicate strong fluorescence regions. Bar =40 pm
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Fig. 7 FTIR spectra and FTIR differential spectrum of pollen tube tip
cell wall
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