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In vivo Dynamic Ca** and K" Oscillation Responding to GABA Reveals
Ion Channels Participating in Tobacco Pollen Tube Growth Regulation

Zhao Li', Zhao Zhilong?, Gong Hanyu', Qin Yonghua', Yu Guanghui'*

('College of Life Sciences, South-Central University for Nationalities, Wuhan 430074, China; *Institute of Plant Physiology
and Ecology, Shanghai Institutes for Biological Sciences, Chinese Academy of Sciences, Shanghai 200032, China)

Abstract v-aminobutyric acid (GABA) plays an important role in pollen tube growth, however, the mo-
lecular mechanism underlying is far from being clarified. Here, we present evidences to show that GABA could
regulate the flux direction of Ca®", K™ using Non-invasive Micro-test Technique. The results indicate that GABA
could specially facilitate Ca?" influx and trigger K" outflux across the membrane on the tip of tobacco pollen tubes.
The experiment applying specific inhibitor of permeable Ca®* channel shows that this Ca®>" currency is specially
induced by the activation of permeable Ca** channel. This Ca®" oscillation pattern is very different from the pattern
caused by Glutamate. Our results imply that GABA may regulate Ca*" channels and K* channels via the activation
of putative GABA-B type receptor on tobacco pollen tube cell membrane, and lead to Ca*" influx and K* outflux to
modulate tobacco pollen tube polar growth and morphogenesis.
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FEN B B AR A K ) v S AL ) A R R B R
Wt E B EBEERM. MIER &Rk FIFas,
e FhE. Wl KE Bk, EEETEAENAE
K, BHRBA T KERZRAER, B d 8K E
TEME . TP P 40 M AN 2 2R 2 (8], 52 31 A% B AS 5
. ZHESSTFRERTNZSE TR —HMANE
Z& R T A2, 104 57, PalaniveluZEWAE 7 1% FU
Fi ¥ (Arabidopsis thaliana){t ¥y & £ K 07 7] 7 5 1]
FAMRRS R, 2 5y-2 3 T B (y-aminobutyric acid,
GABA) i G i POP28k MY fFy-2 3 T R #% & i
GABA-TH#AL)HE R ) R AR 1E B T MMESEAE L 211 b5
JVR Sty ER) 6 FE AR IR, AT 51 /62 1 A6k & AR K B 7 T 1
Z L. MBI L, B 503 ik K i B GABATE AL 40 &
AR R FHLEIE . 52 R T AT Y+
IGABASZAA ) —JC N, 1E40L R 71 5L PR 20 7 1) S P
R TEVE R B 5 S GABASZ AR AR AL 1 2L K] 7 41,
X R R NGNS, PR EHE T R0
FSAZ BT B A I 3, 76 MR A0 SR A A HU e
T RN S AGABAR & E AT, HIX—&EH
()52 A J PR T R ) B o A8 B (R B AR B TR R IR
RN, G T T ARSI R R BT HI
B TR S T GABART LA 5 7880 Ji 28 5T 4 h Ca® 1)
PR A2, (HGABAGIA I #2542 1K B 788 B Hh Ca
FHR % 2R R v 0. Ca? & PRI AE K Tk &
(1) 2 TR YA Y, oA 2o T RN 0 0 T N A T
WL B Zh A AR T T B, A R
W Ca® I 5E 5 R 32 2 Mk, AL R s BR
Wt AR UL RS B 1 7R E N A 16 iR R
FNE(BLFE BRI BOR TR R A XA R S HR 7R 71
ROGE FFRAR AR Hodr, Bk FE AR AR
=P ML CAER 2R
W FE A B H Ca® 28 Ak B A 7 B 5 RT3 3 2111990
FKiihtreiberZE P # 1 . Kiihtreiber%5"H H il 1
TR AR A I 21 T A AR AR A A I R T g )
Co' MBI L. & = FIUFERIRE, XFh
AR5 105 1 B8 -0 e R H 28 A, 15 21 S s %
A As RS =, nl LLE 2 FhES 1B
b, FEAEYF T KA R E MR . &
S H AE #5245 M 43 E: R (Non-invasive Micro-test Tech-
nique) M HHFAER & T 1 Ca>' s K LI EAT 1 3)
BRI RAGEEE, 98] T GABAE 50 B Tt 14 (11
T A] RE - HON B T ) O A A G

1 MREER*E
1.1 #%

L1l JRERH
SRIMIH e AEH -
112 et 8 L3 Ao n AR B R feM il
KB 9% WBC 77 M50 pmol/L CaCl,s 100 umol/L
KCI. 1.6 mmol/L H;BO4. 50 pumol/L MES F1 1% Ji
BE(pHS.8). Ca Ml & I RZ IR 40 R : IRIR AR IR,
10 umol/LL CaCly(100 pmol/L KCI. 1.6 mmol/L H;BO4-
50 umol/L MES. 1% #, pH5.8); & K JZ 2 1E ¥,
100 pmol/L CaCly(100 pmol/L KCI. 1.6 mmol/L H;BO4-
50 pmol/L MES. 1%Ji ¥%, pH5.8). KMl & 1) 2
IE R AR FE AR IE ), 50 pmol/L KCI(50 pmol/L
CaCl,» 1.6 mmol/L H;BO4+ 50 umol/L MES. 1 %}
B, pHS.8); Btk R IETR, 500 pmol/L KCI(50 pmol/L
CaCl,+ 1.6 mmol/L H;BO,+ 50 pmol/L MES. 1%/ ¥,
pH5.8).

1.1.3 mERsNER  BURIEI S AL,
BT RIS IEZ E T 1.5 mL eppendorf B0
o SR T A BT HTIRG S0, 8k A
iR ok, SR 5 7R 4R IR 75 L ID N2 mL e K
R AR R 55 20, FH A 25D Ve R B T R 97
o, REAIAR G B T 28 CCIHIMEIRAR #5973 he FH AN
GBI S ACAR A AOIRIL, F T 5 2200

1.2 753k

1.2.1 A& WHEER AT R GNNMT system BIO-
IM(Younger USA, LTC),

122 e EHEL  (ETRH IR IR IR
W R R, AR5 2 A B A B () 55 35
AR IR b, R, Bk A4 A5 —i
TR BRI (F A AR K3 hAER ), & 1583 minAE
T E RS I b, T A& A0k &
1T 5 S:384F . RGBS IR A N N3 mLAERY 55 95,
152

123 A Ca’ k45 M d A A M| TR R 25 o 2708 40 4
FTHCa RS M) Hrm  SLIGH BN H A
A LA R JL4: 1.0 mmol/L GABA+10 mmol/L GABA+
25 mmol/L GABA; 1.0 mmol/L GABA+1.0 umol/L Ga**;
50 umol/L 3-3% #£ 75 F#(3-MPA)+1.0 mmol/L GABA;
1.0 mmol/L TFP+50 umol/L EGTA+1.0 mmol/L GABA;
1.0 mmol/L GABA+86 umol/L CNQX; 1.0 mmol/L
Glu+86 pmol/L CNQX.

R &L AE ¥y SN Nicotiana tabacum
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BRI

124 KRS AR R F 2 &3t om 3
B TR SHK AR M6 # R ZiIH &AL JLA:
1.0 mmol/L GABA+86 umol/L CNQX; 1.0 mmol/L
Glu+86 umol/L CNQX.

125 HABAIE  MJEIARE bk SINernsti A
PR, F R LEEE H 4R BloriginfE AV, origin-X{E
Jydv, FriExcel £ 4%, E il VofldvE|Excelt, 2%
G, RAFEN.csviE XA SR )5 EFliMageflux fE £
B AR ER, RN S T TN B T IR, AR
SRR

2 R

2.1 GABAXMEELMETNIRCa RENBIF2 N
2.1.1 BFwEeRE EETIERRS, B
K 29300 pm A6k VR I 5t R HLRR AR Ui
B AE B AR TR 10 umAL(EI1A). Ca ik 1
Al Hh R TR o it E S VAS B8 T AC 7R (liquid fon ex-
changer, LIX)SZHLCa® (IR B 2 (K11B) . e &
T 1A R Eh A I 3B R AR DL 1) B8 A R o A A
TR E A S, o I O N R B dx Y R
PRV RIV, o AR F 12 B3 H AR 19 HL /R 88 A I
2 (3 T Nernst 5 #2) v 5P s8] 1) 25 1R 22 dc, S8
JEIRAEFick's 25— HUE & AJ=D-de/dx[D & &5 1
(4 R Bo(em/s)], 5% B T 1 33 2 (pmol/
em?s), B: f R0 B R I 87 07 EOK %S T
JBE IR (R BE IR G) o ARFEIX — B B, AT LA -
2 TRR(GABAYE 50 A & A KIS 1=
T, MRS S0 R 2 F AL .

(A)

®)

2.1.2 1.0 mmol/L#GABAXT }8 ¥ 4 4> & TR 5% Ca™*
MRS raR K m AR B (HPLC) S 45
TIE B, 0 85 20 2 e A S Sk 3 5 X A AE
GABAIES FE 0 A (1), 21 H £ 4 21 P GABA
IV FE A T-0.8~4.2 mmol/L2 [ .

BRI R 1R 75 SE 56 R W, 1.0 mmol/L GABA
BE T EBEE M S AR K. NERIX — ML, 765
TR A F b SE B IEGABA IR IR B 2N, W82
AR B T it Ca® i o) 1 I AR AL . &5 SRR,
AN TR ¥ FE BIGABAXT Ca®* P T T8 FE 119 2550 o2 A~ [7] (1
2). HH1.0 mmol/LAIGABAREMS B .2 i Ca® NI,
1M10 mmol/LF125 mmol/LIJGABAKLEL 5, Ca® 45
SIS, BB NN . BT LSS S5
36369 1.0 mmol/L GABAIX — ¥4 & Sk &b FFAH 5576 47y
.
213 GABAB A€ MR L5 G M egCa® il id
PP Ca? ey NAR Ca WL 5 Ca® il iE

=1 HERESAE LB XEEHGABA S E(HPLCH 1)
Table 1 GABA content in different sections of
tobacco pistils (by HPLC)

IO B ME A Sk GABA % f(pumol/g FW*)
Tobacco pistil section GABA content(pumol/g FW*)
Stigma section 0.76+0.03

Upper style 1.97+0.12

Bottom style 2.76+0.21

Ovary section 4.17+0.33

3R E P EERRHER) . *FW: APRHEE

Data from three independent replications(means+SD). *FW: fresh

weight of plant materials.

LIX CaCl
Ag/AgCl

Glass microelectrode

—p.dc
Jo==D -

Bl HEIEMETGES RN BRI GER S FUERE

Fig.1 Schematic presentation depicts electrode position away tobacco pollen tubes and ion detection principle
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Arrow lines indicate the reagents addition sequence within the time course(line chart is drawn by fitting method from 3 independent experiments data

via regression assay), control is the treatment with only the pollen tube germination medium.
E2 RERENGABAITEELMETNIRCa™ RENHIF N
Fig.2 Influence of different concentrations of GABA on Ca** flux in the tip of tobacco pollen tubes
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Arrow lines indicate the reagents addition sequence within the time course(line chart is drawn by fitting method from 3 independent experiments data

via regression assay), control is the treatment with only the pollen tube germination medium.
El3 GABAMGa™ IR E LM ETNIRCa> FANRIFZNT
Fig.3 Influence of GABA and Ga** on Ca* flux in the tip of tobacco pollen tubes

(OS2, NI IEGABA S| EE i Ca® L 2 15
FCa® i S A %, FEGABAKCEIE R & J5, W
In Y I8 P Ca™ 8 E (1) FH T 71 Ga® . SIS 45 R,
M Ga* b3 5, Ca® Wit H I8 55, Ca> Fh i 35 3
FR(E3). X 45 RAUFSLGABA R B UH B E M 1)
Ca® I8 T8 K 775 0 B 45 Tty ) Ca> BN 1)

2.1.4 MR MEGIGABARE S R AN TR X GABASE %k
A Tk Ca B F A Fra AR
PEGABARE 15 5% Kb 4 Y PEGABABR 2 6 48 K3 8 T ity
Ca’ im sl BIs2m, iz H N IETEGABAS B BE W77k
AT40 R 2575 52 50 3-MPARE % 41 il P9 U5 M I GABA
A B, EGTARITEPIE ik 417 i) CaM ) 3% P M i 4100 1

B E I R E(GAD, GABA S LI e 4 g, L0 1
52 B CaM I A 1)1 15 P, AT 40 I GABA A o
WIRTEGABAG AN J5, A8 B4 (El4A)
I A (0] 2 40 1) (P 4B), Ca® {190 1) B 2 2 B AN &
P, XS5 R, GABALE W K Th AR 0 T
EACK E mCa> Wit L EEAE . SR, 7E5E
AR R I N AN IGABAJG, Ca® X 2L T
AN S (). X—E R ER, SMNEERGABA
REBE R PR ME IR 2%, AT 5] B2 Ca” I iAL

2.1.5 GABA# A4 I L 69GABAZ ARIA T
Ca*" 18 A 5| A2 Ca 1) i BWER RN, ek
AR E R (Glu) 2 A&, Glufit %38 it 0% 1% 32 14
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Direct inhibition(A) and indirect inhibition(B) of endogenous GABA synthesis. Arrow lines indicate the reagents addition sequence within the time

course(line chart is drawn by fitting method from 3 independent experiments data via regression assay), control is the treatment with only the pollen

tube germination medium.

El4 PHETNIRGABAS BAMASNEGABAXT HE LM E TR Ca RN HIF
Fig.4 Influence of inhibiting synthesis of endogenous GABA and exogenous GABA addition on Ca*" flux

in the tip of tobacco pollen tubes

KBOECaIEIE, M ECa N RN, A
GABA & I HT A NG, (K It, L B i 3
51 JE A Ca P LA Ca® I T 1) B A2 75 L A A [F) 1
X, T HE W X P NS T e 15l i 0 A [ 1) %2
AR .

S gk AR, fE LI AR R 4 I GABA .
Glu/g #i A FFEEHL G| L Ca? W (5). S5 Glutf L,
GABAG| & Ca® W i 5 oy B, B AE A4 &
N INCNQX(GlusZ 4 55 = PE I Pif) 5, Ca® it
R (EI5A); MHRAR & R INCNQXJE, Glus| 2 )
Ca> Wi A A FIFEEE B BF(R(EISB). 1X—25 L3R,
Glu5| 2 (1 Ca> W i 5 X GlusZ 74 (1) 05 4 %, 1
GABAS| 2 Ca> W IR GlusZ AR G T e . 1X—
S5 L B R ELAE RS, GABAXT Ca? 81 1 1 11
B GluAs [, GABABUE 1 Z AR A SR GlusZ A4, 1

e —FGABASZ A, [AIIt, FRATIHEMI A AL R} 5 I
TEEGABARE R 24K, HGABASZ AN Ca* il iE
AR 5 18 T EE GlusZ AR 38 I iR

2.2 GABAXTHELMETNIRK TR BN HI S0
221 TEREHGABAR MEE 0% 6K A3
Marn EZRN AR VIR A TR, GABAG
T XA R GABASZ AR H WG 5 H K I8 38 IS
AR, SRR R AT BeE, TATTHH ARSI AR
AR T A8 T KR sh 1 Eh &8k SEI6 45 R
7R, GABAKLHR K IR, 1IX K BHGABAT]
PUR K AMm(E16). i B I GABA(10 mmol/LAH
25 mmol/L)XF K AL Bl 14 5 1l 1) A AL AN 2 AR OK, BT Ut
Ji 2 (R AIF 7T 1.0 mmol/L 1K) GABA SR &b FH A 55 1 K
EIEK IR .

222 GABAZ AR MEZE L4 & MsnK A 30 4 49
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Arrow lines indicate the reagents addition sequence within the time course(line chart is drawn by fitting method from 3 independent experiments data

via regression assay), control is the treatment with only the pollen tube germination medium.

&5 FIGABA(A). Glu(B)ALIEfE I CNQXALIE X (A B 1L # B T ik Ca® S A 2200

Fig.5 Influence of CNQX after GABA(A), Glu(B)

400

treatment on Ca*" flux in the tip of tobacco pollen tubes
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Arrow lines indicate the reagents addition sequence within the time course(line chart is drawn by fitting method from 3 independent experiments data

via regression assay), control is the treatment with only the pollen tube germination medium.
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Fig.6 Influence of different concentration of

s FGlu kA PIGABAT| K i 5))
R e B 5 2R I E A %, AT — P
T B MG 1 2 5. GABALHE JEK W i
W12k 55 (B 7A); TGluAb# 5, K] % 2 I ANR &

GABA on K* flux in the tip of tobacco pollen tubes
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Arrow lines indicate the reagents addition sequence within the time course(line chart is drawn by fitting method from 3 independent experiments data

via regression assay), control is the treatment with only the pollen tube germination medium.
[E7 GABA(A). Glu(B)4t32 /5 FICNQX AL IR B LM E TR K RN 2200
Fig.7 Influence of CNQX after GABA(A), Glu(B) treatment on K* flux in the tip of tobacco pollen tubes
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Fig.8 Model pattern of regulation of GABA receptor and Glu receptor on Ca** channel and K* channel
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PLAICNQXJE, GABA 5| L [ Ca® N it = 11 2 L 1Y
TIIN &S, — R BRI AR 2, CNQXHIHI A&
TR 2k 5, 5580 T Glus /8 X GABASZ 4 411 i) 1) fi
B, SEC> WG, XU HHGABAZ R MIGIusZ
2 (A A AEAR BLADHIVE o T GABASZ AR R H5
ANTR] 1) 24 3 25 R AE 7T 43 A3 A 25 B GABA-ASZ AR
GABA-B% 1. GABA-C*% &, GABA-A% 1k Al
GABA-CZAHSREE LA [ 13 CLIlTE, TIGABA-B
T JE T GHE BB F %, it GE ARz 14
YT Ca® R @20, By DA, BATTHHE D00 ek
FAF{EGABA-BRI 21K, GABAJEIL B KR 1Lk &
HiCa® il 1, 5| #LCa® ¥k 5 AR Ak, AT 15 1E 8 &
PIAR P A K (I 8) o

BE Kk (References)

1 Qin Y, Yang ZB. Rapid tip growth: Insights from pollen tubes.
Semin. Cell Dev Biol 2011; 22: 816-24.

2 Konrad KR, Wudick MM, Feijo JA. Calcium regulation of tip
growth: New genes for old mechanisms. Curr Opin Plant Biol
2011; 14(6): 721-30.

3 Steinhorst L, Kudla J. Calcium—a central regulator of pollen
germination and tube growth. Biochim Biophys Acta 2012; pii:
S0167-4889(12)00291-1.

4 Palanivelu R, Brass L, Edlund AF, Preuss D. Pollen tube growth
and guidance is regulated by POP2, an Arabidopsis gene that
controls GABA levels. Cell 2003; 114(1): 47-59.

5 Yu GH, Sun MX. Deciphering the possible mechanism of GABA
in tobacco pollen tube growth and guidance. Plant Signal Behav
2007; 2: 393-5.

6 Yu GH, Chen Y. The language of GABA in pollen tube growth
and guidance. Front Biol China 2008; 3(4): 439-42.

7 Yu GH, Liang JG, He ZK, Sun MX. Quantum dot-mediated
detection of y-aminobutyric acid binding sites on the surface of
living pollen protoplasts in tobacco. Chem Biol 2006; 13: 723-
31

8 TR, Bk, A OF, RO T AR AR E E AR
AR T e ST — R R RN AT O 2. 70 1401
LEW) 54k (Fang Huahong, Ma Zhaowu, Li Fen, Yu Guanghui. A

10

12

13

15

16

18

20

simplified RNA extraction method to study signal transduction in
tobacco pollen tube growth. Journal of Molecular Cell Biology)
2009; 42(2): 173-8.

Konrad KR, Wudick MM, Feijo JA. Calcium regulation of tip
growth: New genes for old mechanisms. Curr Opin Plant Biol
2011; 14(6): 721-30.

Pierson ES, Miller DD, Callaham DA, van Aken J, Hackett G,
Hepler PK. Tip-localized calcium entry fluctuates during pollen
tube growth. Dev Biol 1996; 174(1): 160-73.

Kiihtreiber WM, Jaffe LF. Detection of extracellular calcium gra-
dients with a calcium-specific vibrating electrode. J Cell Biol
1990; 110(5): 1565-73.

Mintz IM, Bean BP. GABA receptor inhibition of P-type Ca*'
channels in central neurons. Neuron 1993; 10: 889-98.
Netopilova M, Drsata J, Haugvicova R, Kubova H, Mares P.
Inhibition of glutamate decarboxylase activity by 3-mercapto-
propionic acid has different time course in the immature and
adult rat brains. Neurosci Lett 1997; 226: 68-70.

Michard E, Lima PT, Borges F, Silva AC, Portes MT, Carvalho
JE, et al. Glutamate receptor-like genes form Ca”" channels
in pollen tubes and are regulated by pistil D-serine. Sci 2011;
332(6028): 434-7.

Liu CL, Zhao Li, Yu GH. The dominant glutamic acid metabolic
fux to produce y-amino butyric acid over proline in Nicotiana
tabacum leaves under water stress relates to its significant role of
antioxidant activity. J Integr Plant Biol 2011; 53(8): 608-18.
Bettler B, Kaupmann K, Mosbacher J, Gassmann M. Molecular
structure and physiological functions of GABA receptors. Physiol
Rev 2004; 84: 835-67.

AR, a K, A, TKOGER, RIE TS GABAZ XA
B2 sz A KR AL FE. L 2R R 2% (Gu Yinhui, Liu Yong,
Zong Yanyan, Zhang Guangyi, Hou Youyu. Research of regula-
tion in GABA receptor on glutamic acid receptor. Journal of
Shandong University) 2010; 48(12): 56-61.

Vacher CM, Bettler B. GABA receptors as potential therapeutic
targets. Curr Drug Targets CNS Neurol Disord 2003; 2(4): 248-
59.

Le CH, Alix P, Hue B. Differential sensitivity of two insect GA-
BA-gated chloride channels to dieldrin fipronil and picrotoxinin.
J Insect Physiol 2002; 48(4): 419-31.

Cromer BA, Morton CJ, Parker MW. Anxiety over GABA(A)
receptor structure relieved by AChBP. Trends Biochem Sci 2002;
27(6): 280-7.





