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A review of bioprotective alkaloids of grass-fungal endophyte symbioses
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Abstract Symbiotic interactions of C, grasses with fungal endophytes Epichloé¢ species and their asexual relatives
Neotyphodium  often provide the grass hosts with major fitness enhancements. The endophytes protect host plants from both
biotic and abiotic environmental stresses. Documented enhancements to host fitness include greater resistance to mammalian
herbivores and over 40 species of insects pathogens and nematodes. Endophyte-infected plants exhibit several
morphological and physiological responses to drought stress compared with E- plants. Drought-induced leaf rolling leaf
senescence stomatal closure and osmotic adjustment are more prevalent in E + than in E- plants and may be mediated
through endophyte enhancement of the production of phytohormones such as abscisic acid. Endophyte-infected plants have
been shown to be more productive and competitive than E- plants through improvement of germiantion tillering and
biomass production per tiller. The increase in tiller production associated with endophyte infection may be due to fungal
secretion of indoleacetic acid. Our understanding of the mechanisms responsible for all of these effects on improved host

fitness enhancements are largely attributable to the accumulation of four groups of alkaloids lolines peramine ergot
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alkaloids and lolitrems. The type and concentrations of alkaloids in grass-endophyte symbiota are affected by several factors.
a host related factors such as gene-type population species tissue and growth stages of plant b environmental
factors such as climate factors e. g. temperature and precipitation  nutrients in soil seasons changes ¢ other
factors such as fungal strains and field managements. The objective of this paper is to present the current status of
knowledge on these alkaloids focusing on their biological activities the potential for genetically manipulating their
expression in grass-endophyte symbiot and the determining methods.
Future perspectives in endophyte research including synthesis of specific alkaloids which can kill pest insects and are
safe to livestocks genetic engineering to enhance the alkaloids productions and biocontrol applications of alkaloids in

agricultural and natural ecosystems are also discussed.
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1
Table 1 Alkaloid types and representative compounds
Alkaloid type Representative compound Reference
Indolditerpene Lolitrem B 23
lolitrem A lolitrem D 24
Pyrrolopyrazine Peramine 25
Ergonovine 26
Amine alkaloids ergine Lysergic acid amide 27
Ergot alkaloids Ergopeptines Ergotamine 28
ergocristine
ergosine
Pyrrolizidine Loine N-formylloline 23

N-acetylloline N-methlyloline

N-acetylnorloline

HO
H =
O\\C’Nw
| Nrc
N_ O

2 N . coenophialum

Table 2 The mean concentrations of various alkaloids extracted

from tall fescue or perennial ryegrass infected with N.

=z
HN | coenophialum and from N. coenophialum in vitro cultures mg/kg
ERGOVALINE Extracted from
Y Alkaloids Reference
N (6} Tall fescue or In vitro culture
x-N< NH perennial ryegrass
N)L NH, 34
H Lolitrem B 2.75 0.18
LOLITREMB PERAMINE 35
36
Peramine 20 <0.15
2 37
1 4
Ergovoline 2034 12.5 35
Fig. 1  Structural formula of representative compounds of each alkaloid Loline 271 o 37
group found in grass/endophyte symbiota %
M102 M43 M96 3 2 4
M104 SM CDM 3 2 4 8
8 32 33 39
3 potato dextrose agar
PDA
38
1.2
4
Claviceps purpurea Balansiae N.
coenophialum w0-w
4
4 Ergovaline

E. festucae N. coenophialum

loline

N-Formylloline

N. uncinatum

31
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Ergovaline  Ergosine ES Ergotamine EA  Ergocryptine EC  Ergonovine EN lysergic acid amide LAA
29
3 38
Table 3 Composition of semidefined media used for the culture of N. coenophiaum *
Media for hyphal production Media for ergot alkaloids production
Components
M43 M96 M102 M104T SM CDhM
Mannitol g/L 10
Sorbitol g/L 100 100 100
Sucrose g/L 30 30 30
Starch g/L 15
Glucose g/L 40 40 40
Malt extract g/L 20 10 20
Yeast extract g/L 2.5 2 1 3.0 1.0
Peptone g/L 1 2
NH, succinate g/L 0.68 10.0 10.0
Glutamic acid g/L 10
Tryptophan g/L 0.8 0.8
MgSO, 7H,0 g/L 0.5 0.3 0.3 0.3
KCl g/L 0.5
KH, PO, g/L 1 1.0 1.0
Nicotinic acid mg/L 0.14
Thiamine-HCl mg/L 0.2
B6 Yridoxine mg/L 0.2
pH 6.0 6.0 6.0 5.6 5.6 5.6

Table 4 Alkaloid profiles for a variety of grass-endophyte association >

4

29

Alkaloids * mg/kg

Host grass Endophyte E L LM P Association type
Festuca arundinacea N. coenophialum 0.5 1100 0 2 Natural
F. arundinacea N. lolii 1.2 0 23 18 Artificial
Lolium. perenne N. lolii 1.3 0 4.7 19 Natural
L. perenne N. coenophialum 2.5 1000 0 29 Artificial
L. perenne Epichloé typhina 0 0 0 53 Natural
L. perenne N. lolii x E. tyhina 4.8 0 0.4 22 Natural
F. pratensis N. uncinatum 0 5600 0 Natural
F. gigantean E. festucae 0 300 0 Natural
F. longifolia E. festucae 0.9 0 4.0 22 Natural
Festuca rubra subsp. rubra  E. festucae 1.2 0 0 0 Natural

# E  Ergovaline L Loine LM Lolitrem B P Peramine

Peramine Lolitrem B -
24 _
N. lolii  Gliocladium-like sp. Phialophora-like sp.

N. coenophialum

1.3

43 44
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Table 5 Several important genes and codes the enzyme carry on alkaloid biosynthesis pathway

Gene Enzyme Alkaloids Reference

dmaW DMAT synthase Ergot alkaloids 48

IpsA Lysergyl peptide synthetase Ergot alkaloids 49

lolA Regulation Loline 50

lolC Regulation Loline 50

. 51 NCBI GenBank
6646 bp N-methyl-transferase Peramine NZ_AAJMO1000271
Heinstein
Claviceps sp. dimethylallyl- pyrophosphate L- tryptophan dimethylallyl
transferase DMAT synthase DMAT
¥ Tsai dmaW cDNA
dmaW c¢DNA * " Tudzynski
dimethylallyltryptophan DMATS cpdl
51
dmaW  IpsA
45 52 53 47 54
1.4
6
3
lolitrem B e
peramine
56 ~63
#8-% Tolitrem B o
Ergonovine Ergovaline  Ergotamine Ergonovine Na*/K* ATPase Mg " ATPase
@ Ergotamine  Ergonovine D, Dopamine AMP
70
1.5
71 ~73
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6
Table 6 Activities of alkaloids in livestock
Alkaloids Type of toxic Activities Reference
K* Affinity for neurilemmal 29
Indolditerpene Neuropathic toxic receptors to stop K* channels
Affinity for receptors 68
Pyrrolopyrazine Neuropathic toxic of small intestine to stop assimilating nutrition
1. 60
Ergot alkaloids Neuropathic toxic 2. Na*/K* ATPase Mg’* ATPase 69
3. D, dopamine AMP 1. 70
Decreace the production of milk and body weight by
reducing prolactin levels in blood2. Inhibit activity of Na* /
K* ATPase and Mg®>* ATPase3. Affinity for D2 dopamine
receptors to inhibit cyclic AMP
1. «a-2-adrenergic AMP 29
Pyrrolizidine 2. 1. Affinity for
Neuropathic and «-2-adrenergic or serotonergic receptors to inhibit cyclic
metabolic toxic AMP2. Affinity for receptors of small intestine to stop
assimilating nutrition
4 Peramine Loline Lolitrem B Ergovaline
Ergoline Ergopeptine -6
68

Helicotylenchus dihystera

projectus  Tylenchorhynchus acutus

peramine 3
56 57 78 79
83 - 88
89
2
41
9%

1268mg/kg  8mg/kg

Meloidogyne marglandi

71

lolitrem B

80 ~82

Hill

8659mg/kg  3mg/kg

2886 158
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Fig. 3 Concentration of peramine and lolitrem B in different components of N. lolii-infected perennial ryegrass
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2.2 _
2 %g —+—P --#--B-x--E
2.2.1 3
23
Reinholz o ,§
17°¢ /10C 27C ®z
/19%C s
lolitrem B
H 4% Month
7
4 Lolitrem B B Ergovaline E
104 P
Fig. 4 Concentration of peramine P lolitrem B B and ergovaline
E over th n in N. lolii-infected perennial ryegrass
Neolypho dium Spp- Ergov aline over the seaso oli-intected perennal ryegras:
103 re-drawn from reference '
Chanoclavine
41
Ergopeptine alkaloid Lolitrem B pyrrolizidine
37 105
2.2.2
90
14
Perloline 2
2.2.3
Lolitrem B 6 9
” Ergovaline 12 3
85% * '  Ergovaline
41 91
1999 2000 Ergovaline 454mg/kg
175mg/kg ' 1991 11 Lolitrem B 1. 2mg/kg
7. 0mg/kg 5.8 7 Neotyphodium coenophialum Ergovaline 1991
1992 . 2001 2002 2003 Neotyphodium
Ergonovine Ergine Isolysergic acid amides 2001 2002
Ergine 2002 2003
2
2.3
Neotyphodium 9
Ergovaline 17

Festuca rubra
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Lolitrem B o8
2.4
1 1
108
41 109
Prestidge
Paraquat Glyphosate Paclobutrazo
Lolitrem B 1o
111 Prochloraz ~ Diclobutrazol Procymidone Propiconazole Triadimefon
Imazalil Benomyl  Oxycarboxin Triforine
Propiconazole
Propiconazole ¥
1210 Ergovaline
112
3
Van Urk 113 114
HPLC
—_— 23
Synaptosomal ATPase Enzyme
System 1
25°C
28 50 116 ~118
7
7
Table 7 Main methods of detecting alkaloids
s mg/kg
Mini “oncentrati
Alkaloids Representative compounds Method R u')ngen ration Reference
obtained
HPLC 34
Lolitrem B .01
Indolditerpene ontrem 0.0 23
TLC Ehrlichs reagent — 35
D, 7 1
Pyrrolopyrazine Peramine HPLC 0.5 3
HPLC 107°
E i 37
Ergot alkaloids reonorne 10 ¢
. Loline Capillary GC  FID MS 10 38 39
Pyrrolizidine
* HPLC High-performance liquid chromatography TLC Thin-layer chromatography GC Gas
chromatography FID Flame ionization detection MS Mass spectrometry
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40

41
41
HPLC 20 60 70
HPLC
HPLC 31 42 43
HPLC 8 HPLC
Table 8 Main solutions to follow onto HPLC for detecting alkaloids
Elution solution
Alkaloids Reference
Organic solution  Inorganic solution
pH
50
a~47 Lali Acetonitrile — 119
ohitrem
CH, Cl 110
230 320nm r
310nm 410 nm ** s
nm nm . o Guanidine carbonate 118
Peramine Acetonitrile X
_ solution
20 80 ) o NH, OAc 118
Ergonovine Acetonitrile .
solution
Lolitrem
120 ~ 122 HPLC
123 124
1 -
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