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Plant secondary metabolism and its response to environment
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Abstract Early studies on plant secondary metabolites natural products were generally resulted from their application
values. In recent years the bioactivities of secondary metabolites have been more and more realized and their potential roles
in plant living activities and ecosystem have been reevaluated. Plant secondary metabolism is a consequence of the
interaction between plants and environments biotic and abiotic in the long process of plant evolution. Plant secondary
metabolites play important roles for plants to improve defensive and competitive abilities as well as correspond to the
environments. In this overview we briefly introduced the characteristics of plant secondary metabolism summarized the
relationship between secondary metabolism and abiotic factors such as temperature water light nutrient CO,
concentrations UV-B radiation and environmental pollutions and the relationship between secondary metabolism and
chemical defence allelopathy mycorrhizal symbiosis and micropathogens. Research on the interaction between plant
secondary metabolism and environments may explore more profound understandings and new approaches to comprehensive

correlations between plants and environments. It also may benefit the efficient and rational utilization of the secondary

metabolites.
30670325 30528013 30271045 30070086 39700013 JC-02-
11 NCET-05-0328
2006-06-05 200-00-00
1965 ~ . E-mail xfyan@ mail. hl. ¢n

Foundation item The project was financially supported by National Natural Science Foundation of China No. 30670325 30528013 30271045
30070086 39700013  Heilongjiang Provincial Foundation for Distinguished Young Scholars No. JC-02-11  Program for New Century Excellent
Talents in University No. NCET-05-0328

Received date 2006-06-05 Accepted date 200-00-00

Biography YAN Xiu-Feng Ph. D. Professor mainly engaged in plant ecophysiology and plant secondary metabolism. E-mail xfyan@ mail. hl. cn

http //www. ecologica. cn



6 2555

Key Words plant secondary metabolism biotic environment abiotic environment

1
Kossel 1891
1
3
12
1
3
12
12
2
2.1
! 24 h
genistein daidzein genistin
AIP 2-aminoindan-2-phenylphoshonic acid >
2.2

http //www. ecologica. cn



2556

G6P

TEEHE-4-BRR < WAIHE-o-BERR

glucose-6-phosphate

<Y BRI Tannins | Erythrose-4-phosphate G6P B Glycosides
Anthraquinones \ L4 Oligosaccharides
Naphthoquinones e %8k Polysaccharides
R
Gallic acid Hiijk Monoterpenes
S f%2f21h% Sesquiterpenes
AR« \ .
Chorismate Shikimate H -3 B Aii Diterpenes
GAP =i Triterpenes
Ui Tetraterpenes
TR WEIERTER 5| v hE F AR % Polyterpenes
Prephenate Anthranilate Acridone alkaloids [ Steroids
T &R RN EIR BER B AR R X R
Tyrosine  Phenylalanine Tryptophan Phosphoenolpyruvate SRR AL RS PP
Z LI R I R BER DMAPP
SR A2 i W W3 AL Bk
Isoquinoline alkaloids Indol alkaloids
ARFH FrFimE v .
Lignin Indol alkaloids B A ﬂg‘iﬂ\?v& Fatty acids
A AR AcCoA AN -
Lignal;s NPAA LAY Polyketides
s
. ik P ZBtHiREA
LI A BeX Malonyl-CoA
Cyanogenic glycosides Amines
FEF-r EREK .
Glucosinolates Auxines Jil Anthraquinones
HEREY " S, A= 2 Naphthoquinones
Flavonoids WEIE ol )% A .
i Pyrimidines Oxaloacetate a-ketoglutarate ff%’sﬂﬁ A Flav§n01ds )
Quinones B A AR | | H 28 A8 Conium alkaloids
T NPAAs
Coumarines
JEEE LR R R
NPAAs Tropane alkaloids < _O% %@ <«—— A& Glutamic acid
URWE AT KA | FREDH e A& Glutamine
Piperdine alkaloids Aspartic acid | Coca alkaloids
PR S JHEEJE A
Lupin alkaloids Nicotiana alkaloids
FRIE LW A5, Alkaloids
Sedum alkaloids l—— WER WS fe—— HER s puri
e[ =1 ] Lysine Yrrolizidine alkaloids Arginine Tl Furines
NPAAs FEE A E IR NPAAs
1 Wink *

Fig. 1

GAP

glyceraldehyde-3-phosphate AcCoA acetyl-coenzymeA IPP

diphosphate  NPAAs nonprotein amino acids

Camptotheca acuminata

2.3

Relation between primary and secondary metabolism of plant

isopentenyl diphosphate

refers to Wink 3

Rhodiola sachalinensis

Glycyrrhiza uralensis

http //www. ecologica. cn

DMAPP  dimethyl allyl



2557

cacalol-trimer
12

Pinus sylvestris

Adenostyles alpina

Catharanthus roseus vindoline
15
2.4
6
16 pH
7 Liu 18
/
® Phellodendron amurense
19
2.5 CO,
co,
Co, o Plantago maritima
p- verbascoside o co, Betula pendula
2 » Panax ginseng
co, -6-
%
2.6 UV-B
UV-B 280 ~320 nm UV-B
UV-B
UV-B
UV-B Picea abies
Oryza sariva Arabidopsis thaliana 32
2.7
S0,
pubescens 20% 7
S0, B. resinifera myricitrin +
catechin 3 4- 3 4-theta- dihydroxypropiophenone proanthocyanidins
28
©) 2005

http //www. ecologica. cn



2558 27
6
3
3.1
3000 »
HCN
100
Capparales Caricaceae Euphorbiaceae Sterculiaceae 10
30
31 »
33
Picea sitchensis Lupinus polyphyllus
34 35
Tetranyches urticae Phaseolus lunatus
Phytoseiulus persimilis * Arimura ¥
Kellser
Baldwin ** Nicotiana attenuata 3
5
Nicotiana sylvestris
39
N- putrescine N-methyl transferase
ORCA octadecanoid- derivative
responsive Catharanthus AP2-domain ORCA ORCA JERE
jasmonate- and elicitor- responsive element
40
3.2
4
42 43

44 5 @

Inderjit ~ Stephen *

http //www. ecologica. cn



6 2559

46

Coffea atabica 7
a8
Or ¥ Lolium arundinaceam
Elaeagnus umbellata 3
3.3
90%
Blumenin
Lycopersicon esculentum Pisum sativum Arachis hypogaea

. 50
Datura stramonium

3.4
phytoanticipins prohibitins
phytoalexin 2 ~3d o
25 200 2
51
53
54
Sorhum bicolor Cochliobolus heterostrophus apigeninidin  luteolinidin
24 h 3.
apigeninidin  luteolinidin apigeninidin
luteolinidin luteolinidin »
apigeninidin 3 - %
4
19 50
UV-B

http //www. ecologica. cn



2560 27

References

12

13

14

15

18

19

Chen X Y Ye H C. Plant secondary metabolism and its regulation. In Li C S ed. Advances in plant sciences Vol. 1 . Beijing Higher
Education Press 1998. 293 —304.

Wang W Zhong Y C. A review on taxol biosynthesis. Chinese Bulletin of Botany 1999 16 138 —149.

Wink M. Introduction biochemistry role and biotechnology of secondary metabolites. In  Wink M ed. Biochemistry of Plant Secondary
Metabolism. Sheffield Sheffield Academic Press 1999. 1 —16.

Pietrini F Tannelli M A Massacci A. Anthocyanin accumulation in the illuminated surface of maize leaves enhances protection from photo-
inhibitory risks at low temperature without further limitation to photosynthesis. Plant Cell and Environment 2002 25 1250 — 1260.

Janas KM Cvikrova M Palagiewicz A Szafranska K Posmyk M M. Constitutive elevated accumulation of phenylpropanoids in soybean roots at
low temperature. Plant Science 2002 163 369 —373.

LiJQ JinY J. The effect of environmental factors on the allelochemicals of plants. Hebei Journal of Forestry and Orchard Research 1999 14
285 —292.

Liu Z J. Drought-induced in vivo synthesis of camptothecin in Camptotheca acuminata seedlings. Physiologia Plantarum 2000 110 483 —488.
Shang X H Wang Y Yan X F. Effect of soil moisture on growth and root-salidroside content in Rhodiola sachalinensis. Plant Physiology
Communications 2003 39 335 —336.

Liao ] X Wang G X. The possible effects of glycyrrhizic acid on adaption of licorice to desert habitat. Plant Physiology Communications 2003
39 367 —370.

Moghaieb R E A Saneoka H Fujita K. Effect of salinity on osmotic adjustment glycinebetanie accumulation and the betaine aldehyde
dehydrogenase gene expression in two halophytic plants Salicornia europaea and Suaeda maritime. Plant Science 2004 166 1345 —1349.
Haegele B ' Rowell-Rahier M. Genetic and environmental-based variability in secondary metabolite leaf content of Adenostyles alliariae and A.
alpina  Asteraceae . A test of the resource availability hypothesis. Oikos 1999 85 234 —246.

Yan X F Wang Y Shang X H Guo SL Yu T. Effects of field light intensity and quality on biomass and salidroside content in roots of Rhodiola
sachalinensis. Acta Ecologica Sinica 2004 24 674 —679.

Wang Y Dai S J Yan X F. Effects of light intensity on secondary metabolite camptothecin production in leave of Camptotheca acuminata
seedlings. Acta Ecologica Sinica 2004 24 1118 —1122.

Dai S] WangY Yan X F Ma M F. Effects of color films on growth and camptothecin content in leaves of Camptotheca acuminata seedlings.
Acta Ecologica Sinica 2004 24 869 —875.

Zhao ] Hu Q Zhu W. Effects of light and plant growth regulators on the biosynthesis of vindoline and other indole alkaloids in Catharanthus roseus
callus cultures. Plant Growth Regulation 2001 33 43 —49.

Wang Y Shang X H Yan X F. Effects of N levels on growth and salidroside content in Rhodiola sachalinensis. Journal of Plant Physiology and
Molecular Biology 2003 29 357 —359.

Yan X F Wu S X Wang Y Shang X H Dai S J. Soil nutrient factors related to salidroside production of Rhodiola sachalinensis distributed in
Chang Bai Mountain. Environmental and Experimental Botany 2004 52 267 —276.

Liu Z J Viator HP Constantin R J Carpenter S B Adams J C. Influence of soil fertilization plant spacing and coppicing on growth stomatal
conductance abscisic acid and camplothecin levels in Camptotheca acuminata seedlings. Physiologia Plantarum 1999 105 402 —408.

Li X Yan X F Liu J F. Effect of nitrogen forms on berberine jatrorrhizine and palmatine content in corkiree seedlings. Acta Ecologica Sinica

http //www. ecologica. cn



6 2561
2005 25 2159 —2164.

20  Kinney K K Lindroth R L Jung S M Nordheim E V. Effects of CO, and NO; availability on deciduous trees phytochemistry and insect
performance. Ecology 1997 78 215 —230.

21  Davey M P Bryant D N Cummins I Ashenden T W Gates P Baxter R. Effects of elevated CO2 on the vasculature and phenolic secondary
metabolism of Plantago maritime. Phytochemistry 2004 65 2197 —2204.

22 Lavola A Julkunen-Tiitto R. The effect of elevated carbon dioxide and fertilization on primary and secondary metabolites in birch Betula pendula

Roth . Oecologia 1994 99 315 —321.

23 Heyworth CJ lason G R Temperton V Jarvis P G Duncan A J. The effect of elevated CO, concentration and nutrient supply on carbon-based
plant secondary metabolites in Pinus sylvestris L. Oecologia 1998 115 344 —350.

24 AliM B Hahn EJ Paek K'Y. CO,-induced total phenolics in suspension cultures of Panax ginseng C. A. Mayer roots role of antioxidants and
enzymes. Plant Physiology and Biochemistry 2005 43 449 —457.

25 Yao YA ZuY Q LiY. Ultraviolet B radiation and the secondary metabolism of phenol in plant. Plant Physiology Communications 2003 39
179 —184.

26  Xue HJ Yue M. Effects of enhanced UV-B radiation on terrestrial plant secondary metabolite. Acta Botanica Boreali-occidentalia Sinica 2004
24 1131 —1137.

27  Loponen J Koricheva J Haukioja E Pihlaja K Ossipov V. Low molecular mass phenolics in foliage of Betula pubescens Ehrh. in relation to aerial
pollution. Chemosphere 1997 34 687 —697.

28  Lavola A. Soluble carbohydrates and secondary phytochemicals in Betula as affected by SO, -pollution. Water Air and Soil Pollution 1998 107
25 —34.

29  Seigler D S. Cyanide and cyanogenic glycosides. In Rosenthal G A Berenbaum M R eds. Herbivores Their Interaction with Secondary Plant
Metabolites Vol. 1 The Chemical Participants. San Diego Academic Press 1991. 35 —77.

30 Rodman J E. A taxonomic analysis of glucosinolate producing plants part 1 phenetics. Systematic Botany 1991 16 598 —618.

31  Bones A M Rossiter ] T. The myrosinase-glucosinolate system its organization and biochemistry. Physiologia Plantarum 1996 97 194 —208.

32 Chew F S. Biological effects of glucosinolates. In  Cutler H G ed. Biologically Active Natural Products Potential Use in Agriculture. Washington
American Chemical Society Press 1988. 155 —181.

33 Karban R Myers J H. Induced plant responses to herbivory. Annual Review of Ecology Systematics 1989 20 331 —348.

34 Miller B Madilao LL Ralph S Bohlmann J. Insect-induced conifer defense. White pine weevil and methyl jasmonate induce traumatic resinosis
de novo formed volatile emissions and accumulation of terpenoid synthase and putative octadecanoid pathway transcripts in sitka spruce. Plant
Physiology 2005 137 369 —382.

35  Wink M. Wounding-induced increase of quinolizidine alkaloid accumulation in lupin leaves. Zeitsch Naturforsch 1983 38c 905 —909.

36  Dicke M Ludeking D Posthumus M A Gols R. Jasmonic acid and herbivory differentially induce carnivore-attracting plant volatiles in lima bean
plants. Journal of Chemical Ecology 1999 25 1907 —1922.

37  Arimura G Ozawa R Shimoda T Nishioka T Boland W Takabayashi J. Herbivory-induced volatiles elicit defence genes in lima bean leaves.
Nature 2000 406 512 —515.

38  Kessler A Baldwin I T. Defensive function of herbivore-induced plant volatile emissions in nature. Science 2001 291 2141 —2144.

39  Baldwin I T Zhang Z P Diab N Ohnmeiss T E McCloud E S Lynds G Y Schmelz E A. Quantification correlations and manipulations of
wound-induced changes in jasmonic acid and nicotine in Nicotiana sylvestris. Planta 1997 201 397 —404.

40  Memelink J Verpoorte R Kijne J] W. ORCAnization of jasmonate-responsive gene expression in alkaloid metabolism. Trends in Plant Science
2001 6 212 —219.

41 Inderjit. Plant phenolics in allelopathy. Botanical Review 1996 62 186 —202.

42 Vaughan D Ord B G. Excretion of potential allelochemicals and their effects on root morphology and nutrient contents. In Atkinson D ed. Plant
Root Growth An Ecological Perspective. Oxford Blackwell 1991. 399 —421.

43 Langenheim J H. Higher plant terpenoids A phytocentric overview of their ecological roles. Journal of Chemical Ecology 1994 20 1223 —1280.

44 Waller G R Einhellig F A. Overview of allelopathy in agriculture forestry and ecology. In Chou C H Waller G R Reinhardt C ed.
Biodiversity and Allelopathy Form Organisms to Ecosystems in the Pacific. Taipei Academia Sinica 1999. 221 —245.

45  Inderjit Stephen O D. Ecophysiological aspects of allelopathy. Planta 2003 217 529 —539.

46  Singh H P Batish DR Kohli R K. Autotoxicity Concept organisms and ecological significance. Critical Reviews in Plant Sciences 1999 18
757 —772.

47  Anaya A L. Waller GR Owuor P O Friedman J Chou C Suzuki T Arroyo-Estrada J F Cruz-Ortega R. The role of caffeine in the production

http //www. ecologica. cn



2562 27

48
49

50

51

52

53

54

55

56

O o AN N

decline due to autotoxicity in coffee and tea plantations. In Reigosa M J Pedrol N eds. Allelopathy From Molecules to Ecosystems. New
Hampshire Science Publishers 2002. 71 —91.

Zhou K Guo WM Xu Y C. Advances of research on allelopathic potential in compositae. Acta Ecologica Sinica 2004 24 1780 — 1788.

Orr S P Rudgers ] A Clay K. Invasive plants can inhibit native tree seedlings testing potential allelopathic mechanisms. Plant Ecology 2005
181 2 153 —165.

Zhao X Yan X F. Effects of arbuscular mycorrhizal fungi on plant secondary metabolism. Journal of Plant Ecology 2006 30 514 —521.
Grayer R J Harborne J B. A survey of antifungal compounds from higher plants 1982 —1993. Phytochemistry 1994 37 19 —42.

Reichling J. Plant-microbe interactions and secondary metabolites with antiviral antibacterial and antifungal properties. In - Wink M ed. Functions
of Plant Secondary Metabolites and Their Exploitation in Biotechnology. Sheffield Sheffield Academic Press 1999. 187 —273.

Cameron R K Paiva N L Lamb CJ Dixon R A. Accumulation of salicylic acid and PR-1 gene transcripts in relation to systemic acquired
resistance  SAR  response induced by Pseudomonas syringae pv. tomato in Arabidopsis. Physiological and Molecular Plant Pathology 1999 55
121 —130.

Himejima M Hobson KR Otsuka T Wood D . Kubo I. Antimicrobial terpenes from oleoresin of ponderosa pine tree Pinus ponderosa a defence
mechanism against microbial invasion. Journal of Chemical Ecology 1992 18 1809 — 1818.

Boddu J Svabek C  Sekhon R Gevens A Nicholson R L Jones A D Pedersen J F Gustine D . Chopra S. Expression of a putative flavonoid
3’-hydroxylase in sorghum mesocotyls synthesizing 3-deoxyanthocyanidin phytoalexins. Physiological and Molecular Plant Pathology 2004 65 101
—113.

LoS C Verdier KD Nicholson R L. Accumulation of 3-deoxyanthocyanidin phytoalexins and resistance to Colletotrichum sublineolum in sorghum.

Physiological and Molecular Plant Pathology 1999 55 263 —273.

1 . 1998. 293 ~304.
1999 16 138 ~149.
1999 14 285 ~292.
2003 39 335 ~336.
2003 39 367 ~370.
2004 24 674
~679.
2004 24 1118 ~1122.
2004 24 869 ~875.
2003 29 357 ~359.
2005 25 2159 ~2164.
B . 2003 39 179 ~184.
. UV-B . 2004 24 1131 ~1137.
2004 24 1780 ~1788.
2006 30 514 ~521.

http //www. ecologica. cn



