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ABSTRACT: Apoptsis or programmed cell death (PCD) aims at eliminating redundant or harmful cells during the life cycle of

multicellular organisms. For plants, PCD is also an effective way to resist biotic or abiotic stress. Therefore, it is of great importance in

practice to reveal the molecular mechanisms of PCD induced by environmental factors in plants. In the recent 10 years, reports about

plant PCD induced by environmental factors are increasing year by year. In this paper, the general characteristics of plant PCD was

briefly introduced, then we emphasized to summarize the advances of plant PCD induced by adverse environmental factors. In addition,

the biological significance of plant PCD and prospect of studies on plant PCD were also discussed.
Key words: Plant cell; Programmed cell death; Environmental factors
Chinese Library Classification(CLC): Q942, Q756 Document code: A
Article ID:1673-6273(2011)06-1178-03

PCD
(programmed cell death, PCD) PCD
o, 1 PCD
N (G )
{31 PCD hypersensitive response HR
PCD "
N N N (DNA
Ladder) PCD
" " [6]O
HR PCD -
R Wakabayashi [
PCD
Bl PCD . Olszak @ acdll
AtFMO
PCD PCD
Bl
2 PCD
* GJJ08053 30860155

(1987-),
A
Tel: 0791-3969537 Email: shaoboli@ncu.edu.cn
( 2010-10-20 2010-11-15)



www.shengwuyixue.com

Progress in Modern Biomedicine Vol1ll NO.6 MAR.2011

- 1179 -

PCD
, He © Ca*
Ca?
Ca* EGTA R
Xiong 19 24
PCD
DNA ladder PCD
PCD
3 PCD
. Koukalova [
DNA |
PCD - 1
PCD
o Zuppini M
44°C 2h 24h HO/PI
50% 20% (PI)
TUNEL PCD DNA o
Doyle 14 55C
apoptotic-like AL PCD . .
ROS R
4 PCD
Al . Cd . Fe
PCD ., Panda ™ 50 M/L
18h c ATP .
.  DNA ., Wang U9
Bel-2 Ced-9
o Zhang 1 400p mol/L
IR64 PCD SOD.POD
CAT 5
5 PCD
PCD o 18]
PCD
. Yakimova [
PCD
PCD - Shkute @ DNA
5- 5-Azacytidine
PCD o
6 PCD

[21]

PCD

PCD PCD

PCD
Caspase-3 5

PC

PCD

D

PCD

7 PCD

Ultraviolet
5 Danon
PCD
UV-C
Caspase-3-like
Caspase-3-lik
Fluorescence Resonance Energy Transfer
Su 1500p J/m2

PCD

[26]

PCD
° PCD
PCD

PCD

PCD
PCD

o P
[2830)
PCD o
PCD 1

[14]
N

PCD

PCD

PCD PCD

PCD
HSP70

Balk B Ku B PCD

. Zhang

[23]

Uv-C

€

UV-B

[25]

PCD

OsPDCD5

PCD
CD

N

,Chen

[28]

NO

PCD

FRET

[271
o



- 1180 -

www.shengwuyixue.com Progressin Modern Biomedicine Vol1l NO.6 MAR.2011

i PCD

References

[1] Steller H. Mechanisms and genes of cellular suicide [J]. Science, 1995,
267: 1445-1449

[2] Manaboon M, Iga M, Iwami M, et al. Intracellular mobilization of Ca?*
by the insect steroid hormone 20-hydroxyecdysone during pro-
grammed cell death in silkworm anterior silk glands [J]. Journal of In-
sect Physiology, 2009, 55: 123-129

[3] Iga M, Manaboon M, Matsui H, et al. Ca**-PKC-caspase 3-like pro-
tease pathway mediates DNA and nuclear fragmentation in ecdys-
teroid-induced programmed cell death [J]. Molecular and Cellular En-
docrinology, 2010, 321: 146-151

[4] Greenberg J T, Guo A, Klessig D F, et al. Programmed cell death in
Plants: A pathogen- triggered response activated coordinately with
multiple defense functions [J]. Cell, 1994, 77: 551-563

[5] Greenberg J T. Programmed cell death: A way of life for plants [J].
PNAS, 1996, 93: 12094-12097

[6] Lam E, Kato N, Lawton M. Programmed cell death, mitochondria and
the plant hypersensitive response [J]. Nature, 2001, 411: 848-853

[7] Wakabayashi T, Karbowski M. Structural changes of mitochondria re-
lated to apoptosis

26-56

[J]. Biological Signals and Receptors, 2001, 10:

[8] Olszak B, Malinovsky F G, Brodersen P, et al. A putative flavin-con-
taining mono-oxygenase as a marker for certain defense and cell
death pathways [J]. Plant Science, 2006, 170: 614-623

[9] He C, Finlayson S A, Drew M C, et al. Ethylene biosynthesis during
aerenchyma formation in roots of maize subjected to mechanical
impedance and hypoxia [J]. Plant Physiology, 1996, 112: 1679-1685

[10] Xiong H, Li Y, Li L, et al. A unique form of cell death occurring in
meristematic root tips of completely submerged maize seedlings [J].
Plant Science, 2006, 171: 624-631

[11] Koukalova B, Kovarik A, Fajkus J. Chromatin fragmentation associ-
ated with apoptoic changes in tobacco cells exposed to cold stress [J].
FEBS Letters, 1997, 414: 289-292

[12] , ,

[J1. ( ), 2007, 36: 38-42

[13] Zuppini A, Bugno V, Baldan B. Monitoring programmed cell death
triggered by mild heat shock in soybean-cultured cells [J]. Functional
Plant Biology, 2006, 33: 617-627

[14] Doyle S M, Diamond M, McCabe P F. Chloroplast and reactive oxy-
gen species involvement in apoptotic-like programmed cell death in
Arabidopsis suspension cultures [J]. Journal of Experimental Botany,
2009, 61: 473-482

[15] Panda SK, Yamamoto Y, Kondo H, et al. Mitochondrial alterations
related to programmed cell death in tobacco cells under aluminium
stress [J]. C. R. Biologies, 2008, 331: 597-610

[16] Wang W, Pan J, Zheng K, et al. Ced-9 inhibits Al-induced pro-

[J]. Bio-

chemical and Biophysical Research Communications, 2009, 383:

grammed cell death and promotes Al tolerance in tobacco

141-145

[17] Zhang Y, Zheng G H, Liu P, et al. Morphological and physiological
responses of root tip cells to Fe2+ toxicity in rice [J]. Acta Physiolo-
giae Plantarum, 2010, DOI 10.1007/s11738-010-0590-y

[18] , s . [J].

,2009, 32(1): 26-29

[19] Yakimova E T, Kapchina-Toteva V M, Laarhoven L-J, et al. Involve-
ment of ethylene and lipid signalling in cadmium-induced pro-
grammed cell death in tomato suspension cells [J]. Plant Physiology
and Biochemistry, 2006, 44: 581-589

[20] Shkute N, Stivrina N. 5-Azacytidine decreases fragmentation of nu-
clear DNA and pigment formation in first leaf cells of barley
seedlings [J]. Cell Biology International, 2005, 29: 1025-1031

21, :

1. ,2009, 36: 469-474
[22] , , .
1. ,2007, 34: 275-278
[23] ,
1. ( ), 2009, 37

(10): 125-132

[24] Danon A, Rotari V I, Gordon A, et al. Ultraviolet-C overexposure in-
duces programmed cell death in Arabidopsis, which is mediated by
caspase-like activities and which can be suppressed by caspase inhi-
bitors, p35 and defender against apoptotic death [J]. The Journal of
Biological Chemistry, 2004, 279: 779-787

[25] Zhang L R, Xu Q X, Xing D, et al. Real-Time Detection of Cas-
pase-3-Like Protease Activation in Vivo Using Fluorescence Reso-
nance Energy Transfer during Plant Programmed Cell Death Induced
by Ultraviolet C Overexposure [J]. Plant Physiology, 2009, 150:
1773-1783

[26] SuW, Wu J, Wei C, et al. Interaction between programmed cell death
5 and calcineurin B-like interacting protein kinase 23 in Oryza sativa
[J]. Plant Science, 2006, 170: 1150-1155

[27] Reape T J, McCabe P F. Apoptotic-like programmed cell death in
plants [J]. New Phytologist 2008, 180: 13-26

[28] Chen X, Wang Y, Li J, et al. Mitochondrial proteome during salt
stress-induced programmed cell death in rice [J]. Plant Physiology
and Biochemistry, 2009, 47: 407-415

[29] Mur L A J, Kenton P, Lloyd A J, et al. The hypersensitive response;
the centenary is upon us but how much do we know? [J] Journal of
Experimental Botany, 2008, 59: 501-520

[30] Williams B, Dickman M. Plant programmed cell death: can't live
with it; can't live without it [J]. Molecular Plant Pathology, 2008, 9:
531-544

[31] Bulk J, Leaver C J. The PET1-CMS mitochondrial mutation in sun-
flower is associated with premature programmed cell death and cyto-
chrome c release [J]. Plant Cell, 2001, 13: 1803-1818

[32] Ku S, Yoon H, Suh H S, et al. Male-sterility of thermosensitive genic
male-sterile rice is associated with premature programmed cell death

of the tapetum [J]. Planta, 2003, 217: 559-565



