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Aposematic coloration – threat

Some butterfly species are distasteful or toxic to birds. Such species invariably tend 
to "advertise" their toxic properties by the use of eye-catching and easily 
remembered patterns, usually comprising of bright orange markings on a 
contrasting black or white ground colour.

Any bird that attempts to eat one of these species will find the experience extremely 
unpleasant, and is likely to suffer an immediate attack of vomiting. Having tasted 
such a butterfly, the bird will quickly learn to associate the colour and pattern with 
the unpleasant experience, and will avoid eating similarly coloured butterflies in the 
future.





purple dye murex or the spiny dye-murex, is a species of medium-sized predatory sea 
snail, a marine gastropod mollusk in the family Muricidae, 



A distinction is usually made between a pigment, which is insoluble in the vehicle 
(resulting in a suspension), and a dye, which either is itself a liquid or is soluble in its 
vehicle (resulting in a solution). The term biological pigment is used for all colored 
substances independent of their solubility. A colorant can be both a pigment and a dye 
depending on the vehicle it is used in. In some cases, a pigment can be manufactured 
from a dye by precipitating a soluble dye with a metallic salt. The resulting pigment is 
called a lake pigment.



Carotenoids protect chlorophyll from oxidation.







Saffron – expensive spices (Croccus stigma), used maily for adding color to food



fucoxanthin – allenic moiety– interesting structure









Polyporic acid makes up to 18 % dry weight of the fungus







Lawsonia – evergreen bush, mostly used young sprouts with leaves

Other naphtoquinones – spinochromes, pigments from sea-urchins; different substituents 
on naphtalene rings



common madder, Rubia tinctorum, earlier used for making ink

Alizarin was used as a red dye for the English parliamentary "new model" army. The
distinctive red color would continue to be worn for centuries, giving English and later
British soldiers the nickname of "redcoat". In 1869, it became the first natural pigment to 
be duplicated synthetically. 



Aphids – genus Aphis



St John's wort is the plant species Hypericum perforatum, and is also known as 
Tipton's Weed, Chase-devil, or Klamath weed.







spinulosin isolated from fungus Penicillinum spinulosum





7-phospho-3-desoxy-D-arabinoheptulosic acid; Shikimic acid reacts further with a 3-
carbon fragment (phosphoenolpyruvate) under formation of chorismic acid.

chorismic acid – prefenic acid (intramolecular rearrangement)





Step from p-hydroxyphenylpyruvate includes intramolecular rearrangement

chimaphylline – plant pigment (Pyrolaceae)



alkanin – plant pigment from roots of Boraginaceae







spinochrome D, a brownish red pigment that occurs naturally in the shells and spines of 
sea urchins





Don’t mix up melanines with melamine (plastics) or melatonine (regulator of circadian 
rhythm in vertebrates)









gentisin – color of flowers of yellow Gentiana





















dimer is formed by fermentation from monomer, present in green tea 

Green tea is a rich source of polyphenols known as flavonoids. The predominant
flavonoids in green tea are catechins. Fermented green tea, also known as black tea, 
offers a powerful polymerized catechin known as teaflavins. 



Bioactive flavonoids are present in the green tea. They act as antioxidants, stabilize 
vitamin C (avoid dehydrogenation). Prevention of cancer.







Genista tinctoria, with common names: Dyer's Broom, Dyer's Greenweed, Dyer's Whin, 
Furze, Greenbroom, Greenweed, Waxen Woad, Woad Waxen and Waxen Wood 













The structure is basically an isoflavonoid









Equol (4',7-isoflavandiol) is an isoflavandiol[1] metabolized from daidzein, a type of
isoflavone, by bacterial flora in the intestines.[2] While endogenous estrogenic hormones
such as estradiol are steroids, equol is a nonsteroidal estrogen. However, only about 30-
50% of people have intestinal bacteria that make equol.[3] Equol may have beneficial
effects on the incidence of prostate cancer[4] and physiological changes after
menopause.[5] Other benefits may be realized in treating male pattern baldness, acne, 
and other problems because it functions as a DHT blocker.[6] S-Equol preferentially
activates estrogen receptor type β.





Influence of the flavonoid biosynthesis:

Light - speeds up formation of the ring B (cinnamic acid), no influence on formation of 
the ring A

Mechanical wounding or virus infection cause increased production of flavonoids

Some flavonoids are phytoalexins

Apples infested by insects get red color earlier (biosynthesis of flavonoids) – can be 
distinguished from healthy ones

















Antagonistic effect to vitamins K and P (the same skeleton slightly modified had an 
adverse effect!)











HEME

heme – coordination of oxygen to iron atom (NOT oxidation of iron atom)

Heme is present in all vertebrates and some invertebrates

Heme-like compounds (different color) are present in some animals (e.g. 
chlorocauroheme) – green blood





Species using hemocyanin for oxygen transportation are commonly crustaceans living in 
cold environments with low oxygen pressure. Under these circumstances hemoglobin 
oxygen transportation is less efficient than hemocyanin oxygen transportation.





CHLOROPHYLL

phytol – diterpenic alcohol

Total synthesis by Woodward (1944 quinine, 1951 steroid skeleton, 1954 strychnine, 
1960 chlorophyll, 1965 Nobel prize)



CHLOROPHYLL

In some less frequent types of chlorophyll (e.g. in green algae) is bound geranylgeraniol
or farnesol instead of phytol (bakteriochlorofyl)

Isolated chlorophylls are instable, easily undergo isomerization and change color

Chlorophyll can be extracted by polar solvents.

Chlorophyll in animals – reported a couple of case, but it is produced by symbionts 
(algae). Some animals are able to transfer functional chloroplasts from algae, accumulate 
them in its body (e.g. mollusks). Chloroplasts then function in the new organism exactly 
as in the original algae. Such animals are of green color.





PORFYRINS AND THEIR PRACTICAL USE

Synthetic derivatives with exchanged pyrrol rings are used as photosensitisers (treatment 
of cancer, targeted transport into the tumor followed by laser irradiation, release of 
singlet oxygen that damage cancer cells).













BILIVERDIN

Bile pigments differ in positions of substituents at terminal pyrrol rings and by number of 
double bonds (therefore shifts of colors from red to green – absorption at higher 
wavelength)



































Phenoxazine pigments – general term ommochromes











Plants (ferns, gymnosperms – conifers) approx. 230 mil. years

Angiosperms (flowering plants) approx. 60 mil. years

Insect pollinators approx. 60 mil. years







Nectar robbers – most often ants, but sometimes also bees (feed on nectar 
without touching stamen and transfer of pollen)



pollination syndrome – mimesis of flower fragrance and shape 

self-incompatibility – genetic variability in a population (plants need cross-
pollination, transfer of pollen from another plant of the same species)

Fidelity of pollinators is due to their ability of learning and due to the flower color, 
shape, and fragrance (evolutional adaptation)













Patrik Süskind: Parfume; interesting book and movie on influence of human 
odors to other people









Salicylic acid – the same (pyretic) effect in snowdrop, antipyretic effect of aspirin, 
SOS signal (parsimony)



Pitcher plant (Sarracenia leucophylla) – 8 carnivorous Sarracenia species 
(Northern America), flower shape is a trap for insects

























electroantennography – sensitivity of antennae to host plant volatiles is 1-2 
orders of magnitude lower than to pheromones

hexenol or hexanol (green leave volatiles) is used in electrophysiology as 
standards – confirmation that the antenna is in a good physiological state able to 
respond to tested compounds







Mombyx mori – in tests when receptors were removed (antennae, palpae), the 
insect refuses to feed (missing stimuli).

If the monosacharide moiety in the flavonoid is changed (e.g rhamnose instead of 
glucose), the insect stops feeding (confirmed on artificial diet).











azadirachtin – triterpenoid, registred for use in organic growing, success in 
orchards (apples) or vegetable growing

application – 1% solution in organic plant oil, further diluted to 0.3% water 
emulsion, spraying 1000 l/hectar

Other deterrents – solanin, alkaloid from potatoes Solanum tuberosum, Colorado 
potato beetle (CPB) is however adapted to solanin

but:

demisin (a small change in the structure) from Solanum demisum is repellent for 
CPB (this potato species is resistent to CPB)



Difficulties of such research:

Research of effect of some plant products on herds of cattle would be too 
expensive (e.g. toxic effect of alkaloids)

Refusing of some plants as food may have two causes – absence of feeding 
stimuli or presence of a feeding deterrent

Wild animals feed on large areas, there is no control of plants they feed on

















Zingerone is artefact

Free hydroxy- and methoxygroup are probably a cause of the spicy taste (pepper 
is less hot)



Cyclamate and saccharine are tentative carcinogens when used for a long time 

xylitol – used in chewing gum, it has a cooling taste (high endothermic dissolving 
enthalpy)



stevioside - diterpene



source: Glycyrrhiza glabra

Other non-sacharide sweeteners – steroids, some flavonoids, chalcones, and 
coumarine derivatives























































In case that too many herbivorous species get adapted to a toxin, the plant 
responds by biosynthesis of other toxins, different from the original one. 
Evolutionarily younger plants produce toxins that are difficult to metabolize. 



About 300 structures of plant amino acids are known. They are typical for 
Fabaceae (seeds). When an anomalous amino acid is incorporated into proteins, 
these proteins/enzymes are non-natural and thus inactive.

L-DOPA is not toxic for mammals, but it is toxic to insects (plant constitutional 
defense)

L-DOPA – structure similar to tyrosinu and dopamine

Schizophrenia patients suffer from higher levels of dopamine in the brain; 
schizophrenia treatment may lower levels of dopamine too much and thus cause
symptoms of Parkinsonism.











Accumulation of alkaloids in some insect species (e.g. Lepidoptera)

Alkaloid is transformed to pheromone, at the same time it protects butterflies from 
birds or spiders

During mating, the accumulated alkaloid is transferred from male to the female 
for protection of eggs





Cvět published principles of chromatography in 1903



dried sap (latex) derived from shallowly slicing the unripe seedpods of the opium, 
or common or edible, poppy, Papaver somniferum



binds with muscarinic acetylcholine receptors leading to the excitation of neurons
bearing these receptors













Nepetalactone is a female sex pheromone of aphids









Used in traditional medicine in Balkan countries

In Netherlands, affair with a reduction program based on Asian plants, by 
mistake, the plant mixture contained species producing aristolochic acid. Women 
in this program got kidney cancer in high percentage. 





UV-induced phototoxicity

Papilio butterflies are very resistant, the caterpillars are able to detoxify a high 
dose in 2 hours

Evolutionarily higher plants in Apiaceae produce angular toxins, more difficult to 
degrade













Derivative of -amyrine





















Fungicidal effect





















Turlings T. C. J., Tumlinson, J. H., and W. J. Lewis. 1990. Exploitation of h
erbivore-induced plant odors by host-seeking parasitic wasps. Science 250
:1251-1253.

http://www.ars.usda.gov/Research/docs.htm?docid=7501







Turlings T. C. J., Tumlinson, J. H., and W. J. Lewis. 1990. Exploitation of 
herbivore-induced plant odors by host-seeking parasitic wasps. Science 
250:1251-1253.



































LOX lipoxygenase

Arachidonic acid (AA, sometimes ARA) is a polyunsaturated omega-6 fatty acid 
20:4(ω-6).

Both pathways are inhibited by salicylic acid and its esters



















In response to insect herbivory, plants synthesize and emit blends of volatile
compounds from their damaged and undamaged tissues, which act as important
host-location cues for parasitic insects. Here we use chemical and behavioural
assays to show that these plant emissions can transmit herbivore-specific
information that is detectable by parasitic wasps (parasitoids). Tobacco, cotton
and maize plants each produce distinct volatile blends in response to damage by 
two closely related herbivore species, Heliothis virescens and Helicoverpa zea. 
The specialist parasitic wasp Cardiochiles nigriceps exploits these differences to 
distinguish infestation by its host, H. virescens, from that by H.zea. The
production by phylogenetically diverse plant species and the exploitation by 
parasitoids of highly specific chemical signals, keyed to individual herbivore
species, indicates that the interaction between plants and the natural enemies of
the herbivores that attack them is more sophisticated than previously realized.



De Moraes, C. M., W. J. Lewis, P. W. Pare, H. T. Alborn, and J. H. Tumlinson. 
1998. Herbivore-infested plants selectively attract parasitoids. Nature 393:570-
573.



herbivore-induced plant volatiles (HIPVs) 







Perfecto, I., and L. E. M. Vet. 2003. Effect of a nonhost plant on the location 
behavior of two parasitoids: the tritrophic system of Cotesia spp. (Hymenoptera: 
Braconidae), Pieris rapae (Lepidoptera: Pieridae), and Brassica oleraceae. 
Environmental Entomology 32:167-174.







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

















1,8-cineol = eucalyptol











auxine = indolyl-3-acetic acid





































Structure of A3 determined in 30ties (20th century)

In 50ties, gibberellins found in plant tissues

Gibberellins are stable compounds

No synthetic analogs are in use
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