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Dynamic Changes of Ca?* and Ca**-ATPase in Sieve Elements in
the Developing Caryopsis of Triticum aestivum L.

LI Ji-wei, DENG Xiang-yi, ZHOU Zhu-ging, WANG Li-kai, YANG Chao-nan, FAN Hai-yan

(College of Life Science and Technology, Huazhong Agricultural University, Wuhan 430070)

Abstract: [Objective] Previous study revealed that sieve elements (SEs) in the developing caryopsis of Triticum aestivum L.
underwent a unique type of programmed cell death (PCD) . In this paper, the dynamic changes and the roles of Ca®" and Ca®*-ATPase
in SEs during the PCD were studied. [Method] The ultrastructural aspects of phloem cells in wheat caryopsis were examined by
transmission electron microscopy (TEM). Using specific fluorescence staining and potassium pyroantimonate precipitation method,
Ca®" was localized at histological and sub-cellular levels in SEs in the developing wheat caryopsis. TEM and lead nitrate were used
to locate Ca**-ATPase in SEs. [Result] TEM studies showed that the cell walls of SEs thickened at the beginning of differentiation,
and then became thinner and smoother. Fluorescence staining showed that the fluorescence due to Ca?* appeared in cell walls of SEs
from 6 to 10 d after flowering. The fluorescence due to Ca*" in cell walls of SEs was most notable on 9 d after flowering and
disappeared on 14 d after flowering. Sub-celluar localization of Ca®* showed that Ca®* was localized on plasma membrane and in
nuclei from 1 to 2 d after flowering. On 4 d after flowering, Ca®* was localized in cytoplasm and mitochondria of SEs. From 5 to 8 d
after flowering, Ca®* was transported to the cell walls of SEs and no Ca®" precipitates were observed in mitochondria. From 10 to 18
d after flowering, Ca?" was transported into the cytoplasm again from cell walls and no Ca®" precipitates were observed on 20 d after
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flowering. In intermediary cells (ICs), Ca®" precipitates were observed from 1 to 18 d after flowering, and Ca®* mainly distributed on
intine and tonoplast. The activity of Ca**-ATPase changed obviously during the SEs differentiation. There was lowest activity of

Ca®*-ATPase on 3 d after flowering in SEs. High levels of Ca®*-ATPase activity were found from 4 to 14 d after flowering in SEs,

and the enzyme was mainly localized in cell walls, cytoplasm, plasmodesmata, mitochondria and nuclei. [Conclusion] These

results showed the dynamic changes of Ca?* and Ca2*-ATPase in SEs differentiation. Ca2* might play important roles in SEs during

the PCD. In addition, Ca*" and Ca®-ATPase might be also related to cell wall thickening and functions of SEs.
Key words: wheat (Triticum aestivum L.); caryopsis; sieve elements; Ca*; Ca?*-ATPase
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2.1 NEFBRH LA RIMFBR LY ER

/N A2 RS I A RS B0 B S AR B (A
1-A) o W% H SEs. £ (companion cells,
CCs) . Halguffy Cintermediary cells, 1Cs) FIH)) i i
BEZA 0 (phloem parenchyma cells, PPCs) 454k, i
i CCs F1 1Cs Lt SEs K, CCs A4 5T, 1Cs
A (K 1-B) . SEs fER A FIN, JEE

A KU RRY); B AW ARY); C~F i SEs #ib). A: 18J5 28 d, 7= 2 thPIEEAE (P) FUAED (OO 41p; NP, BROJE (Bar=50 pm) ;
B: 16)5 14d, /R T (SEs) « M (CCs) . thial4ifie (ICs) FI¥)) kg (PPs) (Bar=2 pm) ; C: FFIEX4K, 71k SE 40i%
JERIEH, MMMA/NRGE (V) HAREEIFA IS (Bar=1um) ; D: {&J5 2d, 7% SE AIfRBEIE RN, Jeamptse, A NMmIrE 12 B b rE
BIBCR, 7RISR (FiR)  (Bar=1 pm) ; E: {kJ5 3 d, 7% SE ZHUBE & 205 B A BE R IGEAR (KE7R) , 2 SCIRIIIEEZ R#TR)
AN B (V) o A EfOTHE 2 R FHER O (Bar=1pm) 5 F: f8)5 6 d, 758 SE 4NN, Lehitk (i) WuBEM%ai, 41
JoBEAZ DL AR ) FLSFH (Bar=1 pm)

A is a cross-section of vascular; B is a cross-section of phloem; C-F are cross-sections of SEs. A: 28 d after flowering, vascular is composed of phloem (P) and
xylem (X); NP, Nucellar projection (Bar=50 um); B: 14 d after flowering, showing sieve elements (SEs), companion cells (CCs), intermediary cells (ICs) and
phloem parenchyma cells (PPs) in Phloem (Bar=2 pm); C: The flowering day, a developing SE with a normal nucleus, small vacuoles (V) and slight thickening
cell wall (Bar=1 pm); D: 2 d after flowering, a developing SE with a chromatin-condensed nucleus and thicker cell wall, the boxed area 1 in the lower
right-hand corner is the magnification of the boxed area in the image, showing obscure nuclear envelope (Bar=1 um); E: 3 d after flowering, a developing SE
with considerably thickened and rough cell wall, branching plasmodesmata (short arrow) and a vacuole (V). The boxed area 2 in the top right-hand corner is the
magnification of the boxed area in the image (Bar=1 um); F: 6 d after flowering, a mature SE with mitochondria (arrow) but without nucleus. The cell wall
becomes thinner and smoother than before (Bar=1 pm)

B NEFREERR SEs HFHTN
Fig. 1 Structure of the vascular tissue and SEs in wheat caryopsis
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1i4E (B 3-C) o f)5 5d, 4 SEs H, Ca®* ik 1= %
LA AN MR b, I AT DR b, 2Rk
R e A s hI R W Ca®* Bkt (B 3-F) . fb)a
6 d, SEs WEE A7 ki Ca® ik (K 3-G) , Zkifk
“Z5U” Ak, {EJ5 10~18 d, SEs i) Ca?t ik 5
SR AAEA TR A SN (] 3-1~K) .
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2.3.2 ICs+# Ca"pamym =44 fef5 1d, ICsfy
— AN IR T BN A (N, 4 385 4y
A7 o Ca?* FURL E B A AE 40 M A e by R AN 41 e R
(B 4-A) o fE)5 2d, ICs HRAT — NI,
Horp S e B R S5 . Ca® itk 32 B 43 AT A
BB R IL & b, it A b Ca?* ik (I
4-B) . ftJ5 4~5d, ICs FH AR, 41
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i

L AFEISEN L b e

I ’3.‘ e,

WM. A, B, C, D, Eda, b, ¢ d, e WRIDEEIL )Y, #if6/ SEs, Bar=50 um. a: 7&J5 6 d, 4% SE 4IREAT Ca® 9t b:
)5 9 d, 7% SE 4ikE Ca¥ 9 A5 M, ¢: fE)5 10 d, 7 SE 4MMIEE Ca®* 9 iiss, C A FAJTHE L s AR FIN A R IO d: 1E)5
14d, 75 SE 4iffukE Ca® 5L %% e f6)m 10d, X, K Ca®' %t il

Cross-sections of phloem. Structures found on fluorescence microscope images (a, b, ¢, d and e) correspond to structures observed on the light microscope
images (A, B, C, D and E). Arrows denote SEs, Bar=50 um. a: 6 d after flowering, green fluorescence due to Ca®* appears in cell walls of SEs; b: 9 d after
flowering, more intensive green fluorescence due to Ca®* appears in cell walls of SEs; c: 10 d after flowering, less intensive green fluorescence due to Ca?*
appears in cell walls of SEs, the boxed area 1 in the lower right-hand corner in C is UV-excited autofluorescence; d: 14 d after flowering, no green fluorescence
due to Ca®* appears in cell walls of SEs; e: 10 d after flowering, control, no fluorescence due to Ca>* appears in cell walls of SEs

2 Ca"HEM

Fig. 2 Localization of Ca®* fluorescence
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A~L 35 SEs BEVIHE T, A7 IUfTEAEIN JTHE 2~13 J& C~K "HARRL T HEIOIR . Ax FEJF 1d, % Ca® WKL B (e AU |- (Bar=2 pm) : B:

PG 2d, /YRR, Ca® iR E BRI i) AT (K#7R)  (Bar=lpm) : C: {65 4 d, 715 SE R 58 A BRI |-
¥y Ca™ ik (FHE 2, Hiskon) LI Ca™Biki. A7 LAIHE 1 & —iK AR, % SE thiZbkifk (KWin) FZE (JEfias) ik ca®
WikL (Bar=1 pm) 5 D: f6J5 4 d, FRAIMTH KBS CaZ itk GRS , SRtk OUHES, #idor) M CFiE4, K& 7R Ldf ca™
WKL (Bar=1pum) ; E: fEJi 4d, /RAUIE (HiR) Agakitk OFHES 16, §ikor) iy Ca? ikl (Bar=1pm) ; F: f6JG 5d, 7w41MEE i Ca®
WK, iR R R B CalHRL (THET)  (Bar=lpm) ; G: 4EJ5 6d, RAIMIAE FHG Ca ik, ZBRifk asiimib. TSN (J7HES)  (Bar=2
um) ; H: {6)5 3d, A, SEs HFRL Ca ikl (Bar=2pum) ; I: {£J5 10d, =AM (GrHE 100 F/NEEHL (G7HE 9) P4 Ca® ik (Bar=1
um) 5 J~K: {£)5 14d F118d, RN P EERN Ca¥ Fik (J7HE 11~13) (Bar=1pm) ; L: {£)520d, 75 SE 1 Ca®" Bokiy 2k (Bar=1pum)

A-L are cross-sections of SEs, the boxed areas 2-13 in the right-hand corner are the magnifications of the boxed areas in image C-K respectively. A: 1 d after
flowering, showing Ca®* precipitates distributed on plasmalemma (Bar=2 pm); B: 2 d after flowering, showing condensed chromatin, Ca** precipitates
distributed on plasmalemma (short arrows) and in nucleus (long arrow) (Bar=1 um); C: 4 d after flowering, showing the localization of Ca?* on tonoplast
fragments (the boxed area 2, arrow heads). The boxed area 1 in the top right-hand corner is a single image, showing the distribution of Ca?* precipitatesin a
mitochondrion (long arrow) and a vesicle (short arrows) of SE (Bar=1 pm); D: 4 d after flowering, showing the distribution of Ca®" precipitates in cytoplasm
(short arrow), mitochondrion (the boxed area 3, arrow head) and on plasmalemma (the boxed area 4, long arrows) (Bar=1 pm); E: 4 d after flowering, showing
the distribution of Ca®" precipitates in cytoplasm (arrows) and mitochondria (the boxed areas 5 and 6, arrow heads) (Bar=1 um); F: 5 d after flowering, showing
Ca?" precipitates distributed in cell wall, showing a mitochondrion without Ca?" (the boxed area 7) (Bar=1 pm); G: 6 d after flowering, showing Ca**
precipitates distributed in cell walls, showing a vacuolated mitochondrion with obscured membrane (the boxed area 8) (Bar=2 pum); H: 3 d after flowering,
control, SEs without Ca?* precipitates (Bar=2 um); I: 10 d after flowering, showing Ca?" precipitates aggregated in a vesicle (the boxed area 10) and cytoplasm
(the boxed area 9) (Bar=1 pm); J-K: 14 d after flowering and 18 d after flowering, showing Ca®" precipitates aggregated in cytoplasm (the boxed areas 11-13)
(Bar=1 pm); L: 20 d after flowering, a mature SE without Ca" precipitates (Bar=1 pm)

Bl 3 SEs 1 Ca”EfiL
Fig. 3 Localization of Ca®*in SEs
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A~H 0 ICs BEDIIE T . As JEJE 1d, /REE CEFD MANRA R | CKED [ Ca* itk (Bar=1um) ; B: f6ja 2d, 7Rt (5 KN
w Fk kW Caz"%ﬁh (Bar=2ym) ; C~D: {tJi 4~5d, T(ﬁz/@}iﬁ GO A NEE (B 1 Ca¥ ik (Bar= 2um) 5 E: f£)56d, 7R
AR (F5 1fr) ca® ik, M&l/@‘:f“ﬁk)h Ca®*Fiki (Bar=2um) ; F: {EJ5 8d, /RAMMIARE () FIMGEME (Fik) L Ca” ikl (Bar= 1um) ;
G: £J514d, =AMMEE (Fi) LY Ca® Pkl (Bar=2um) : H: TF 18d, 7~ (F7) P Ca'PikiffsE4EY (Bar=1 pm)

A-H are cross-sections of ICs. A 1 d after flowering, showing Ca?" precipitates distributed on tonoplast (short arrows) and intine(long arrow) (Bar=1 um); B: 2
d after flowerlng showing Ca®* precipitates distributed on tonoplast (arrow) and in residues of vacuole (arrow head) (Bar=2 pm); C- D 4-5 d after flowering,
showing Ca®" precipitates distributed on tonoplast (arrow heads) and intine (arrows) (Bar=2 pm); E: 6 d after flowermg showing Ca®" precipitates distributed
on intine (arrows), and there is no Ca®" precipitate in vacuole (Bar=2 pm); F: 8 d after flowering, showing Ca* precipitates distributed on tonoplast (arrow

heads) and |nt|ne (arrow) (Bar=1 um); G: 14 d after flowering, showing Ca2 precipitates distributed on intine (arrow) (Bar=2 pum); H: 18 d after flowering,
showing Ca?* precipitates aggregated in vacuole (arrows) (Bar=1 um)

B 4 1Cs B Ca”EfL
Fig. 4 Localization of Ca®*in ICs

A~ ¥ SEs BEDIRUT, A3 f7% AL RITTHE 1~3 1 5~8 /& A~B fll E~H EF*Er“ﬂEEﬁnﬁUi A: BWEéJ:, ZN Ca2+-ATPase L o3 A T ML)
e PHED SRR OHE2) | /ML (RESkor) o A Al b (Bar=1um) ; B: f£)5 2d, 7 Ca"-ATPase JEHF=H) 5341 140 iz
b (J7HE3) (Bar=1um) ; C: B EPmE A4 [RIRK, 7R SE H ) B /R AL <H.17QT> , Ca ATPase ﬁﬁ#%ﬁ*ﬁﬂﬁ*ﬁz{s (i) H (Bar=0.5 um) ;
D: #0J5 3d, /AN (Fs) FIAIMIR: (Fskos) bk FRé (Bar=1 um) . 165 4d M 7d, 7% Cat-ATPase Witk A Lkt (i
HES F16, i) . dffuBk, /g (ﬁu%T) ORI - (Bar=1pm) 5 G~ H T*F 10d A1 14 d, Z-EERG =050 A T 40 B JSER 43 SOIR P Bt )
W (TRETANS, Figo) L (Bar=lpm) : l: 46J5 4d, 1, J Ca*-ATPase Witk #). (Bar=2pm)

A-1 are cross-sections of SEs, the boxed areas 1 3 and 5-8 in the right-hand corner are the magnification of the boxed areas in image A-B and E-H respectively.
A: The flowering day, showing Ca®*-ATPase active products distributed in plasmodesmata (the boxed area 1), mitochondria (the boxed area 2), vesicles (arrow)
and cytoplasm as well as on plasmalemma (Bar=1 um); B: 2 d after flowering, showing Ca*"-ATPase actlve products distributed in nucleus (the boxed area 3)
(Bar=1 pm); C: Magnification of the boxed area 4 in B, showing a Golgi body (arrow head) and Ca®*-ATPase active products distributed in mitochondria
(arrows) (Bar=0.5 um); D: 3 d after flowering, showing reduced active products of Ca *-ATPase in plasmalemma (arrow) and nucleus (arrow head) (Bar=1 pm);
E-F: 4 d after flowering and 7 d after flowering, showing the active products of Ca?*-ATPase distributed in a mitochondrion (the boxed areas 5 and 6, arrows),
cell wall, vesicles (arrow heads) and on plasmalemma (Bar=1 pm); G-H: 10 d after flowering and 14 d after flowering, showing the active products of

Ca“-ATPase distributed on plasmalemma and branching plasmodesmata (the boxed areas 7 and 8, arrows) (Bar=1 pum); I: 4 d after flowering, control, showing
SE without active products of Ca**-ATPase (Bar=2 pum)

5 SEs B Ca”—ATPase EfiL
Fig.5 Localization of Ca®*-ATPase in SEs
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