Roadmap of Phenylpropanoids (Fig 18.1)
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Phenolics and Phenylpropanoids (non-lignin)

These are considered secondary plant metabolites (SPMs)

= "small organic plant constituents, not required for day-to-day activities of plant”
- many have an "ecological" function (as opposed to physiological functions)
- also called natural products or phytochemicals

- used by humans as drugs, pigments, spices, stimulants, toxins, etc.



Background
- phenolics are one of the three major groups of secondary plant metabolites (1000's)
- have biosynthetic unity: almost all are derived from shikimate and phenylalanine
- can be grouped into types or structural families (see "Roadmap" figure)
- widespread in the plant kingdom - examples are found in all plant families

- many have stress-related functions (UV screens, pest or pathogen defense, etc)

-> use well-studied examples to illustrate the diverse functions of this class of SPMs



Roadmap of phenylpropanoids in plants
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Roadmap of phenylpropanoids in plants — part 1
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1. Simple Phenolics and Phenolic Acids

salicylic acid

O H

skunk cabbage

i) salicylic acid
- signal in systemic acquired resistance — (SAR) - against pathogens
- signaling to create heat in thermogenic plants (skunk cabbage, others)
- Salix (willow) is the source of salicylic acid (first isolated 1828, synthesized in 1898,

-> aspirin (acetylsalicylic acid) birth of German chemical industry
(Bayer)



ii) Poplar and willow "salicinoids" (phenolic glycosides)
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- structure vs. function of the series
- defense against insects (lepidopterans)

- structure-function: cyclohexen-one moiety is most active



ili) Emission of Methyl Benzoate from Snapdragon Flowers
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- daily rhythm, circadian clock controlled, coordinate with pollinators.

Natalia Kolosova et al. Plant Cell 2001;13:2333-2347
©2001 by American Society of Plant Biologists



iv) phenolic methyl ethers (orcinol, dimethyl toluene)
- fragrance compounds in rose

- 90% of rose fragrance is DMT, but found in Chinese rose

- breeding of this trait into modern hybrid tea roses is due to
specific O-methyl transferases

A European roses Chinese roses

R. phoenicia R gél/ica R. chinensis R. giéntea
| cv Old Blush |

v

Tea Roses

Hybrid Tea Roses

% OOMT1 l OOMT2
HO OCHj,4 H,CO OCHj,4
orcinol 3- hydroxy 5-methoxytoluene 3,5-dimethoxytoluene (DMT)

Scalliet G et al. PNAS 2008;105:5927-5932 | : E | e :i
©2008 by National Academy of Sciences



2. Hydroxycinnamic acids & esters derived from these
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3. Lignans: two C6-C3 phenylpropanoid units, also derived from coniferyl alcohol (Fig 18.8)
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Buchanan, Biochemistry and Molecular Biology of Plants



3. Lignans (Fig 18.8)
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flax seed lignan (secoisolariciresinol, matiresinol)

- estrogen mimics when in the diet
- complex bioconversion in digestive system involving both bacterial & human enzymes.

- converted to enterodiol and enterolactone by bacteria (active components)

Buchanan, Biochemistry and Molecular Biology of Plants



3. Lignans (Fig 18.8)

D § ¢
8 C (o} 8 C C 8
Il + Il Il I
T C C [ C
Oxidation @ @

Lignan

" |
CH,0 Pinoresinol
=~ Malognol B
\/OCH, O

OH
(Fig 18.8) OH OH  OH _ Ho ; 0 !
P e bi ﬁ ’ )¢
'/ r

HO "COOH
H

OH H;CO H,CO OH H;CO OCH,
He OH OCH;
HO (-)-Plicatic acid (-)-Podophyllotoxin
Renal clearance B
OCHy (urine)

) Secolsct :H ol Lignan, : Scc:)l:olalfkllrcslnol. OCH;y
~)-Secoisolariciresino .\ matairesinol . . .

glucuronides. | o Buchanan, Biochemistry and Molecular Biology of Plants

(~)-Matairesinol
Facultative

aerobes

Enterodiol,
enterolactone

HO.
OH
OH
I Fecal loss, unconjugated lignans
OH l OH

Enterodiol Enterolactone



4. Synthesis of coumarins (Fig 18.1)
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4. Coumarins - intermolecular esters of p-coumaric acid

- structure is characterized by the lactone ring.

- synthesis requires a specific hydroxylation, followed by ring closure
- angular and linear forms of furanocoumarins

- generally toxic compounds i.e. xanthotoxin

- found in Umbelliferae (parsley & carrot), Rutaceae (citrus)

- classic chemical ecology, specialist insects (detoxify) plant family



ii) human chemical ecology with coumarins:

- coumarins cause light-activated skin inflammations, blistering, sensitivity, and dermatitis
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Heracleum 8-Methoxypsoralen

(a furanocoumarin)

photodermatitis caused by furanocoumarins in light



ii) human chemical ecology with coumarins:

- coumarins cause light- activated skin inflammations, blistering, sensitivity, and dermatitis

Heracleum mantegazzianum (Giant Hogweed)
- escaped ornamental from Eurasia, invasive weed here in BC)

& . Warning: small hairs on stems and leaves
contain a poisonous sap that can cause
severe irritation, blistering and dermatitis

www.agf.gov.bc.ca/cropprot/weedguid/




Furanocoumarins are UV-activated phototoxins: toxins that are enhanced by UV light!
- highly effective as anti-insect defenses - toxic to generalist insects
- insects can evolve counteradaptations, biochemical or behavioral, leading to specialist insects.
- found as mixtures, and important for dynamics of plant-insect coevolution(?)
- detoxification by Papilio larvae of different levels of specialization
(see Berenbaum, PNAS 100: 14593)

Angelicin Trioxsalen Psoralen Xanthotoxin Bergapten




Furanocoumarins are UV-activated phototoxins: toxins that are enhanced by UV light!

- detoxification by Papilio larvae of different levels of specialization (Berenbaum, PNAS 100: 14593)
- specialists have specific detoxification enzymes Cytochrome P450 oxygenases
- CYP enzymes from generalists have less specific and inefficient

- some compounds in mixture are not toxic, but interfere with detoxification

Angelicin Trioxsalen Psoralen Xanthotoxin Bergapten




4. Coumarins / furanocoumarins

CYP furanocoumarin detoxification enzymes show specificities and
activities that vary with 'substrate encouter rate' by Papilio species

Table 1.

Specific activities of CYP6B proteins coexpressed with house fly NADPH P450 reductase in baculovirus
expression system

Specific activity (nmol/min/nmol P450) ,*
means £ SD

Angelicin Trioxsalen Psoralen Xanthotoxin Berg}g}fn
. a0,
P450 CO-diff e o o o
/ CYP6B4 (Pg) 450 1.906 + 0.180° 1.412 + 0.090° 2.208+£0.115° 3.214£0.174° 3.541£0.126°
P. glaucus CYP6B17 (Pg) 450 0.060 % 0.023¢ 0.557 £ 0.081° 0.381 4 0.150° 0.800 £0.251¢ 1.122+0.141¢
. (97%V) (61%) (83%) 75%V) 68%)
(occassional) i : ; e e
CYP6B21 (Pg) 450 0.518+0.130 0.773 £0.170° 1.800 £ 0.211 2.547 £0.087° 2.150 % 0.266
(73%) (45%Y) (18%) (21%Y) (39%)
_ CYP6B25 (Pc) 450/420 0.372£0.210° 0.179 £ 0.190¢ 0.627 + 0.346" 1.2120.160¢ 1.486 £ 0.124¢
P. canadensis (80%) (87%) (72%) (62%) (58%%)
(never) CYP6B26 (Pc) 420 ND ND ND ND ND
(100%) (100%) (100%) (100%) (100%Y)
P. polyxenes J cypeit 450 0.640 if 2.560 6.980 _i

(FC specialist

Proc Natl Acad Sci U S A. 2003 November 25; 100(Suppl 2): 14593-14598.
doi: 10.1073/pnas.1934643100.

Copyright © 2003, The National Academy of Sciences



5. Stilbenes C6-C2-C6 structures

- structure: two aromatic rings plus a 2-carbon bridge[C6-C2-C6]

- synthesis: p-coumaric a. plus 3x malonyl-CoA (enzyme: stilbene synthase)

O SCoA
3 (sz + CoA—S—C—CH=CH OH
Malonyl-CoA COOH -Coumaroyl-CoA
(s:hatlrf::: Stilbene
)(IE:HS) 4 CoASH 4 CoASH | synthase
+3CO, +4CO,
OH o
OH (0] OH
Tetrahydroxychalcone Resveratrol
(Chalcone, a flavonoid) (a stilbene)

Figure 18.11 An additional aromatic ring is formed by chalcone synthase and stilbene
synthase.

Biosynthesis: Fig. 18.1



5. Stilbenes

heartwood is impregnated with antifungal phenolics

incl. stilbenes

(A)

Bark Sapwood Heartwood
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pests and pathogens can cause localized phenolic deposition
("phytoalexins") in wood

O‘CH3

O /
pinosylvin —heartwood and stress-induced antifungal O-CH3j
stilbenes

pinosylvin dimethyl ether — feeding deterrent for winter-
feeding snowshoe hares
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