e e

BRI
Reviews 1§

S S = S o

AR AR 2019F $9% H5H 455~460
Current Biotechnology ISSN 2095-2341

»oe»cd

%
v
A
Y
?

SR IAMEERAIARIR
o

B2, R, A, B o, MR, IREY

LA AR K2 2R B A 98 IR BRI 9T s, ZR AL B SR BT WK 58 15 T S 8 A o o A S0 58, MAJRIEE 1500005
2 bt Bl 2 B A R Al A W R BE SR H 0y, JEET 100097 4
3L BB, F At 210038

W OE: RIMEALAT AL X, BHED A2 E BN CO RN AP AEKAX T REEEERA, RAEFITX
SRTampagt ARENER, MEAREMR S TREF EWLETZMBEN, UK TEB TN, R H X
REmpEFEMAREIILEZHIFEANARERREN, GRTRIEAHREL Y —BUNRFFARLAR, AETH
—HUERILTRED PO ERER AL LNRFUERMA T RLE; AR 2R TRIAREFFER AHR
BRI KR E AN FEApEEFANRIT A TR, EEX TS TFREF AN FTHE
MAFRERFRELTRIEMRER HARILZ o i oo FHLH IR KR 1w, DU K 4R T 2 B BE 93 1 Bk 4R 6
B

R R H B R AL e
DOI:10.19586/j.2095-2341.2019.0047

Advances on Roles of Guard Cell Wall in Stomatal Movement

ZHOU Ying'”, ZHENG Lin*, WEI Jianhua®, MA Yan’, DAI Shaojun'*, WANG Hongzhi**

1.Key Laboratory of Saline-alkali Vegetation Ecology Restoration in Oil Field of Ministry of Education, Northeast Forestry University, Harbin
150000, China;

2. Betjing Agro-Biotechnology Research Center, Beijing Academy of Agriculture and Forestry Sciences, Betjing 100097, China;

3.Jinling Institute of Technology, Nanjing 210038, China

Abstract ; Stomatal guard cells play important roles in plant development by controlling water and CO, exchange between the plant
and the environment. The repeatable movements of stomata depend on the characteristics of guard cell wall. Biochemical and
molecular studies with the help of computational modeling have greatly increased the understanding of the specific roles of guard
cell wall components and characteristics on stomatal function. We summerized the recent advances on the essential roles of
polarized wall of guard cell on the stomatal function, and the deposition process and evolutionary conservation of the polarized
wall. Meanwhile, the latest finding of the specific influence of cell wall components on stomatal movement were also summarized,
particularly in the fields of molecular genetics and biochemistry. We also proposed the future research on the molecular
mechanism by which guard cell wall is involved in the function of stomata, which was aimed to provide new insight for genetic

engineering of guard cell wall.
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Fig.1 The asymmetric accumulation and modification of cell walls in stomatal differentiation"*".
AR T 200 M- A 00 S B 8 ST A48 2R 200 LA T R S B 1) A A X 4328 5 B« T A A I BE L R o B A IO IR B R R e
fiff 5 Co P DR TLAMM P9 BE 53 15, JE WUALRES 1 5 D« A DR TLANNY , P9 BE R DA, Sh T 4 3%, 40 M BE A5 A1 B T Sl 14 I 5 794 i 32 e Ak

2T W K i BE A A A 6 R R R R AGOR

2 (R I 4H G BE 4 oy X SUFLIE 3h I RE A

)

Wit 5 AT ) S DR A TR B 3 I AN R D g
WFFERYTRA, 40 L 20 4 52 il £ T 200 B e LA e
REFNIALIZ B 43 T i AL AR AN W B, X 2
F5E U A PR TL 40 M BE (7% 3~ st A5 ok AR IE 7]
AEME
2.1 AHERMAEHEEXNSFLIZEZHINEERI T

Rui %517 55 R4 53 B 46 A T H LA
Y XU R I 2T 24 3R R0 AR i SR 9 AR IR AT TR 4
G3HT, st A4 FA BEGE W] T 4F 4 2 UK RS
O T4 BE LB AR S LI RE R DIAH G . 4D
IR G U CesA3 1Y AR R R (A T
M RELT YR S 5RAUITEBEVIAHG, 4R
it PR T B AL B P SR 1T )R
S AALIF BN SRR B AN R, 2R
RLF AR & 1 IR R 5, RALIF BE TR & IE
W o ARRHRBEER BN (oot ] xxt2) , T AR H
FoME o AR, LTI BRSNS T I T
o SrBTRWY AR SROME I A 3 1 AL G ik
ARANY5R P L RN, A LER TR R ES
SRz gtk MAE ALz shid B rh 2R e R et

[8]

28 J HE RV HES o AL £ 4 3R T 22 A1
b A B 18 i ol R { W S i I 1 €4 24 1
WAL, ALz Sl B vh 27 4 ST 22 X ol
RS RIZ I BE 45 ) oA i 2R AR B 2
Jilo AT RME AT LB T LT 2 3R 45 Fh XSS HK Y
TN L RE 1 7R R R RAE RAE OR T A  RE
F £ 24 2RI ) SROB R R 0 LT BE R M 45 R A
Ia] , (ELAITTE A 21 2 38 MU R Bk 3 & 5
B P BE SR AP

2.2 REXSKFLIEZhINEERIR NG

PR T2 B R v s B BLARE, AR WAk 2E A G Y
S5 R R W20 M BE SR i 5 LI Re DA G . AR
1985 4F, Wu 251100 3 41 Jifa B v SR i 32 i 2 4l 5
SR DA RERR I e, B EEAE AR Ry e R
SALMIRED) , AL R AR I O B B AR K
IR OC, S Bk KL JFOCRE TT . IR 4 et
PRICHARDISE R, B S Y O DA B 72
T 2 B v SR e R R R A ISR A
THERIKEZZhEETH X", Jones
Milne " {5 1 2R BAT R AP AR P 10 il Ak B AR 90 35 0z
i 25 3R MR FUPE IR R 1 760 SR 0% BT ar A A A
ez 5 AR AT I R 175 LI s i
TR AL, &k BUAR R 17 ALz 3 32 31 B
il 320 oM 2R W I BT h A RBE I B e



458 ‘ EHE R#IE Current Biotechnology

PR T 440 R s | AT S e AL G

R P IR R B s i <AL IIRE . RIRZHETE
RS B, Z 5 DA B RO o i 3
Mubbh, FELARE EDURRIS , e SR FH R T ( pectin
methylestrases , PME ) Zef P U R HY BE L 141, HE
S ER e AR A s R A SR H g
AR B2 5 M £ T 240 B BE HILARC I e A< fLiz 3 i
TR AL 2E AR 38 R VR T Amsbury 257 (B 5T BG
o Wm T A H R il 3 ) PMEG6 5272 I, 240 Hfd
BE L IR AR I B i R B, AL T O T T
TR, FEAE RSB CO, M AR RS ALK
PHAST™ , AR B CO, FREEH  SALIF R B /)N
TR A OR T4 A b 25 H R AR = s
FEAN L BE BT R, Huang 88707 FI LR I+
GEASAIE IR e T B L K] PME34 2 5 0% 1240
PR N, TR R SRR AR RE A e i TR
B, B S AL EERZE IS ROR LA 3R 1 U
JERNET KRR, PME34 FEH 9872 5 41
FA T B ARGRE e . A, BIFSE R I 2 R 2
FLUHRE W2 b (—Fh R B KR ) = 5K flis
B SR P R A T A o e R 2 AL
WETEE IR BTG P | 3 — 20 9 i I 260 X5 240 L B 5 3 1)
P2 I SR s Y R 22 S~ LW I R
FER ALz ghad F2 v ] DL 5 R 53+ 1 sh 842
b, FIE P Z A A K B ARG S 5 A& A

2.3 AKBREESILEFHHHEHR

IR R EEAFE TR A i BE v Ef
PANEE R AT R B D AR R . AR R
5EALUIRe A O, BT RERE . BRSHED R T
20 i D R A AR R A T 0 R 5 R R
B FHEY) AR LR T 20 PN BE rp BEASAG I ) /0 A
BES L B JF R2R3-MYB # ¥ K T
AtMYB61" Je HoAg W R JR 3£ ) ProMYB170' %
H5ARREREA R, o 5% AMYB61 1 Pro-
MYB170 580K T R YT 0, U0 A= 40 Jif BE G L
bR T AE4E 412 KR IR A, X A LA 1
LR AN = K F 2R3k | oo i Rk R EUALIT
FEV/IN T2 AR RS LT E RS N, LRSI 28 AR 1A
HRREAE BT s AMYB61 5 5 B 7 S 1 <AL
KebA, T HLX — i BT T ABA FIE SR A T
B FLIE M AR, I AMYB61 335 K781k
ST AR 20 A RE Ry S T S T LT

2 T AMYB61 55 RO AR
P AtMYB61 5878 (RS FLFF B el A8 J& 75 5 O D4
e A T R DU ARG e A Tt — 9T

2.4 HHPREERNEF X SFLIE 3T RERI R0
SALTT RO I ATIE Shad e v, 240 J BE 4T 4 3R
TR 22 % A FRTHESN o Ik — 5 R v 4 4
BT 225 52 M A4 A A RO ) ) 0B ke A T 2L
AR FME ST W 2OF TR 4, AR M BE A 5tb , 7E L
Ll BT AR R UET 22 A 1 By, A RO T4l A
A T KA . A5 0 40 BE P 5t A
T EEAFEIIK R (expansin) 8 H A ER M
BENE T i/ 7K f# T ( xyloglucan endotransglucosylase
(XET) /hydrolase , XTH ) | ## & 7K fif% i ( glycoside-
hydrolase, GH) Fl¥£3E H H & (hydroxyl radical,
- OH) ™', FI R G40 M BERA 3 P 7 2 5 <AL
AT TR, A DR RIS RE A
AT ME N i/ K R 2 5 [ ALis 3 )
Hoisi 2 4GE
241 WRFEFEaSALEHAk WKEER
FI WP AR 1, J&— S RN 4 I BE A 5tb 1) 200
FBETE PE AR 1 I R P — R AR AL
il , FT BT 2T 24 28 T 2T 22 0 200 i e ik o 22 40 1 3
Wi, B 0 L BE rh 7 4 ST 2238 3l 2
HEA A RE A R AR R G 3h 7 40URE T 4N
JEIK R A EXPAL 7E4f TLAN IR 805, i 3k
KB INFERE DI R R AR5 2 261 T LTI
R 2% 2 T, BT LR O ) 8 8%
PSS 0 2 A R R Pk 2% P s R T
AL A A st P A 3R AL
242 KFRAE N KB/ K MBS A 5LiE 3
rhe A R N W /K % 5 (xyloglucan
endotransglucosylase/hydrolase, XTH ) 2 8 %) 4 Jfd
BESE R UL Y G BT, A 5t 240 Ff BE RE 6% i 1 K
RWEI> TR 5 PRl — b o TR 1Y
B A5 40 LB 1) 25 ¥ 0 A8 R i st >, R
FEVGZLAT p it i SR UL XTHS JE N, -+ 5 H 0
T BE DR PG £ A AL OC AT Ee G, T R A2 e
JIHgaR . HEDSALOCH S XTH3 HE R i Kk
T 1Y 200 P B 2 R S A R

3 RE

LAY 5 50 TR ARSI ] 0, X



Ji 4 S ALB T R LA EERT SR | 459

EERER K MEIN A R, LIPHOR
Wi E A i B 22—, SRR M TR A
WA PR AR B OC AL AE R AR A L
TR L AR5 I B o i e S rh A 4 o 24
NI S S E L I B I 1 =% L7 b ey &
FIZK BRI FHARLR , 7E A 2R A5 78 18 LK B8 R 1
LT8R AR A R AT TN B, TR AT
PRI A BE R < Loz Sh Ay o Tt A L, o o
R T 200 0 B 5 4 R DB T i 1 AR R BT Y
s

JUE KR i 2B 5 B 3R A O/ TLA0 M BE2H
JCRIZS [ 70 A3 1 52 Wi FL D RE , HLIA 42 £ T4
JLBE B R BT R S DORR Y L 30 e Sl 42 TR 5
TS5 G A, DL — Jeb i Xk PS5 14 i oz
D B SR T AR AR T I SO PR AR A
IR AR R AR AR R
FEARW] , B SRR U L A R BE 5 42 (R A L
HARZH KN TR 25 PR A1 70 R
PO 2% | BIp ] I8l 42 40 B 2% L0 P 5 . PRI, 2590
DR LA S BE 5 JSC ] 4 O Bl A S TR 1, K B T g
B OR T 20 B 2 5 AL Sl 3 7 RN ER AR e 17 1 73
TR B IR 2%, T RAL AT S,
BN R R o P A 2 R B AT R ok
LUHMHPLEERE . AR Fh 7 3%, Al LR i 2 5 <
FLRAENR AZ R AL RE RS S 1, ISk,
W 25 0 P Sy L R R DR TR o 13 T e AR A
e N SRR M S 1y g A% 207 i, TR R ]
VIAZ AR IR IE S A

AR DA EES 5 LB B 5 — A
)R e ALIZ S A v, Ff T A0 e Jo o H
(RARAEFIR I 2208 ) 1 3h 2542 A R+ 2
T TR AR R fLiz shid e AR T 4
BESN AR Z e (0 I RS R AT
i BE SR o R O RIS % 240 M BE A 5t [H ]
RS 5 Lz ghd b O A BE R EAl , R L
FHI B 1) 8% 2 07 %, % TLAM ML v R S A 1Y
U T B R S BEACRE KR ORHR
Tl A B il 7 Tl 5 R TR BEA T D RBMEE

5 £ X
[1] Franks P J, Buckley T N, Shope J C, et al.. Guard cell

volume and pressure measured concurrently by confocal micros-
copy and the cell pressure probe [ J]. Plant Physiol., 2001,
125 (4): 1577-1584.

[11]

[12]

[13]

[17]

[18]

Sperry J S, Stiller V, Hacke U G. Xylem hydraulics and the
soil-plant-atmosphere continuum [ J]. Agron. J., 2003, 95
(6): 1362.

oA A AR (M. U S EOE R, 2004,
18-19.

Carter R, Woolfenden H, Baillie A, et al.. Stomatal opening
involves polar, not radial, stiffening of guard cells [ J]. Curr.
Biol., 2017, 27 (19): 2974-2983.

Shtein I, Shelef Y, Marom Z, et al.. Stomatal cell wall compo-
sition; Distinctive structural patterns associated with different
phylogenetic groups [ J]. Ann. Bot., 2017, 119 (6). 1021
-1033.

Chater C, Caine R S, Fleming A J, et al.. Origins and evolu-
tion of stomatal development[ J]. Plant Physiol., 2017, 174
(2): 624-638.

Shtein I, Popper Z A, Harpaz-Saad S. Permanently open sto-
mata of aquatic angiosperms display modified cellulose crystal-
linity patterns [ J ]. Plant Signal Behav., 2017, 12
(7): el339858.

Zhang Y, Dong J. Cell polarity: Compassing cell division and
differentiation in plants [ J]. Curr. Opin. Plant Biol., 2018,
45. 127-135.

Lucas, J R, Nadeau J A, Sack F D. Microtubule arrays and
Arabidopsis stomatal development [ J]. J. Exp. Bot., 2006, 57
(1): 71-79.

Apostolakos P, Livanos P, Nikolakopoulou T L, et al.. The
role of callose in guard-cell wall differentiation and stomatal
pore formation in the fern Asplenium nidus [ J]. Ann. Bot.,
2009, 104 (7). 1373-1387.

Rui Y, Xiao C, Yi H, et al.. POLYGALACTURONASE IN-
VOLVED IN EXPANSIONS3 functions in seedling development,
rosette growth, and stomatal dynamics in Arabidopsis thaliana
[J]. Plant Cell, 2017, 29 (10) . 2413-2432.

Rui Y, Yi H, Kandemir B, et al.. Integrating cell biology, im-
age analysis, and computational mechanical modeling to
analyze the contributions of cellulose and xyloglucan to stomatal
function [ J]. Plant Signal Behav., 2016, 11 (6) : e1183086.
Rui Y, Anderson C T. Functional analysis of cellulose and xy-
loglucan in the walls of stomatal guard cells of Arabidopsis [ J].
Plant Physiol., 2016, 170 (3): 1398-1419.

B, £ H, EH0F, 55 SR IT R ORI BUR U 4
HURIBFSEHERE ()], AL AR B4, 2018 (54) ; 1288-1304.
Yi H, Rui Y, Kandemir B, et al.. Mechanical effects of cellu-
lose, xyloglucan, and pectins on stomatal guard cells of Arabi-
dopsis thaliana [ J]. Front Plant Sci., 2018 (9) : 1566.

Wu H, Sharpe P J H, Spence R D. Stomatal mechanics. TII.
Geometric interpretation of the mechanical advantage [ J].
Plant Cell Environ., 1985 (8): 269-274.

Merced A, Renzaglia K. Developmental changes in guard cell
wall structure and pectin composition in the moss Funaria; im-
plications for function and evolution of stomata [ J]. Ann. Bot.
2014, 114 (5): 1001-1010.

Jones L, Milne J L., Ashford D, et al.. Cell wall arabinan is es-
sential for guard cell function [ J]. Proc. Natl. Acad. Sci.
USA, 2003, 100 (20): 11783.



460 ‘ EHE R#IE Current Biotechnology

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

Amsbury S, Hunt L, Elhaddad N, et al.. Stomatal function re-
quires pectin de-methyl-esterification of the guard cell wall
[J]. Curr. Biol., 2016, 26 (21) : 2899-2906.

Huang Y C, Wu H C, Wang Y D, et al.. PECTIN METHYL-
ESTERASE34 contributes to heat tolerance through its role in
promoting stomatal movement [ J]. Plant Physiol., 2017, 174
(2) . 748-763.
Moustacas A M, Nari J,

methylesterase, metal ions and plant cell-wall extension. The

Borel M, et al.. Pectin
role of metal ions in plant cell-wall extension [ J]. Biochem. J.,
1991, 279 (2): 351-354.

Liang Y K, Dubos C, Dodd I C, et al.. AtMYB61, an R2R3-
MYB transcription factor controlling stomatal aperture in Arabi-
dopsis thaliana[ J]. Curr. Biol., 2005, 15 (13) ; 1201-1206.
Xu C, Fu X, Liu R, et al.. PtoMYBI170 positively regulates
lignin deposition during wood formation in poplar and confers
drought tolerance in transgenic Arabidopsis [ J]. Tree Physiol.,
2017, 37 (12): 1713-1726.

Arsovski A A, Villota M M, Rowland O, et al.. MUM EN-
HANCERS are important for seed coat mucilage production and
mucilage secretory cell differentiation in Arabidopsis thaliana
[J]. J. Exp. Bot., 2009, 60 (9) : 2601-2612.

BB A, ARG HY AN EERA S R T[], R A B
iz, 2011, 47 (10) ; 925-935.

i, A, REEK, & EKY REHA Expansin #H

[27]

(28]

[30]

[34]

TN S FE RIS I [T]. AWy R R, 2018,
8 (1): 34-40.

Cosgrove D J. Growth of the plant cell wall [ J]. Nat. Rev. Mol.
Cell Biol., 2005, 6 (11): 850-861.

Wei P C, Zhang X Q, Zhao P, et al.. Regulation of stomatal
opening by the guard cell expansin AtEXPAI [J]. Plant Signal
Behav., 2011, 6 (5): 740-742.

Fry S C, Smith R C, Renwick K F, et al.. Xyloglucan endo-
transglycosylase, a new wall-loosening enzyme activity from
plants [ J]. Biochem. J., 1992, 282 (3). 821-828.

Choi J Y, Seo Y S, Kim S J, et al.. Constitutive expression of
CaXTH3, a hot pepper xyloglucan endotransglucosylase/hydro-
lase, enhanced tolerance to salt and drought stresses without
phenotypic defects in tomato plants ( Solanum lycopersicum cv.
Dotaerang) [J]. Plant Cell Rep., 2011, 30 (5) . 867-877.
Lawson T, Simkin A J, Kelly G, et al.. Mesophyll photosyn-
thesis and guard cell metabolism impacts on stomatal behaviour
[J]. New Phytol., 2014, 203 (4) .:1064-1081.

Brownlee C. The long and the short of stomatal density signals
[J]. Trends Plant Sci., 2001, 6 (10) ; 441-442.

Lake J A, Quick W P, Beerling D J, et al.. Plant development
signals from mature to new leaves [ J]. Nature, 2001, 411
(6834) : 154.

Jia W, Zhang J. Stomatal movement and long-distance signaling

in plants [ J]. Plant Signal. Behav., 2008, 3 (10) ; 772-777.





