Introduction to phytochemical
pathways
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chemical energy, such as ATP,NADPH, by aksbelif - 0rgan

C}@Wrs and
starch from CO2 by using ATP and
NADPH+.

—These carbohydrates are stored and

used for differentiation and formation of
plant tissues. and  (are eleckrons

oxidized pont) .
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A* All organisms need to transform and interconvert a vast
number of organic compounds to enable them to A
— live — grow — and reproduce.  ( erimacy marabs '“J

B* They need to provide themselves with energy in the form
of ATP, ciw . %, i — — —— O

resoioatio

C* They need a supply of building blocks to construct their
owntissues. ~—  — ——

D-An intmtwork of enzymes mediated and carefully
regulated chemical reactions is used for this purpose coll

tively
referred to as—intermediary metabolism and the pathways o
involved are termed— metabolic pathways. Wdn
E* Some of the important molecules of life are- (’,,,L../ s
1-Carbohydrates, 2- Proteins, 3-Fats and 4-Nucleic acids. Tt
i A e SIS ccead®?)
(f s J ML\"mLo l! l""-) L s'.\(}.\‘...\:\{_
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Primary Metabolites

Primary metabolites are compounds produced by a living organism
that are essential for its life and growth.

The main primary metabolites are carbohydrates, proteins, nucleic

acids, and lipids. e e or b of plant
* They are occurring i [ ; .
y ring in all plants (in all green plants) dl(ﬁ’: ) i

# Apart from fats, these are polymeric materials.

* * Carbohydrates(CHO): are composed of sugar units.
* Do . . L —

* * Proteins : are made up from amino acids

* * Nucleic acids:are based on nucleotides.

N —
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Primary Metabolites
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Plants and their metabolites

 Primary metabolites: Compounds produced during the

fundamental pathways; essential for the plant life (H,0, co,

- Photosynthesis): carbohydrates, fats, proteins, nucleic

acids ->primary activity of green plants Jas sger )|
W— .
certain — .F,,J— *.e,.,h!m ‘Jlj
Procesl

a

J’ﬁ::mﬁecondary metabolites: Not involved in the essentlal
g:ﬁ\_ij metabollsm of the cell, but exert Wﬁﬂ%
‘Plant, andw ( phyto-hormons, plant-
protection, plant-insect-, plant-animal interactions, source of
drugs); produced through specific pathways with a limited
distribution in nature; condition and species sensitive; most
Wnatural products are 2" metabolites

Relationship between primary and secondary metabolism:

« The processes and products of primary metabolism are similar in most
organisms, while those of secondary metabolism are more specn"c

—_—

« In plants, primary metabolism is made up of photosynthesis, respiration,
etc., using CO,, H,0, and NH; as starting materials, and forming products
such as_glgigge amlno aC|ds nucleic acids. These are similar among

different species.

« Secondary metabolites are low molecular weight compounds that are not
required for the growth of an organism, but are produced for
adaptation for its specific functions in nature and are considered a

phenotype of the organism.
- They are derived from primary metabolites via secondary metabolic

» Pathways

- They are more important than primary metabolites as a therapeutic
agents. = =T

/\
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Secondary Metabolites

OH OH
digoxin
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—_— 14

secondary Metabolites

~ Digoxin: cardiotonic, from foxglove (Digitalis lanata).

" Morphine: pain killer, from opium W). This
is generally believed to be the MM
ingredient from a plant. 4

| Aspirin: PEEEL[@r/’dnd anti-infalmmatory, from willow (Salix

e — — ———

spp)-
- Penicillin: antibiotic, from (Penicillium spp).
—— — —
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Functions of Secondary Compounds

fe me charism i
furmindi & M. gy B v =
QAVr o™~ in

M .5 The most common rolesforsecondary_compfil_l}ndSs
- elqar iy A
e plants are ecological roles that govern Interaction

¢2 © 7 “between plants and other organisms.
: A",j b U T T
yiusihe

* Many secondary compounds are brightly colored "
pigments like anthocyanin that color flowers red and blue.
1ese attract pollinators and fruit and sead dispersers.
-ﬁ__——.\v ——-\_’_—.—*__-______—-———’

Nicotine and other toxic compounds may protect the plant
fr}ﬁerbivores and microbes.
N

s

SN

. J3Y * Other secondary compounds like rubber and
[ » - letrahydrocannahing (THC) from cannabis plants have no
=y s known function in plan e
Ra

e~ =00 Il plants.

o

Building blocks v&” . qﬂ e
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GLYCOLysIs

* Glycolysis: The final product is thew
(3 carbon ) >Then the pyruvat

e has 2 options :
S — s 2option

* A->Further degradation to acetyl-CoA (2 carbon)
= itis a backbone of many primary and
secondary metabolites

* B> Shicimic acid pathway:
Pyruvic acid(phosphoenolpyruvate) combines with
erythrose-4-P-> to form shikimic acid.
— ——

* * So to form shikimic acid we need:
A-Calvin cycle
B-Glycolysis

i d sugars generally proceeds via the
« Degradation of carbohydrates an :
\l/)velgl characterized pathways, known ?‘s gr:yccilyms aer:]c(ia:g\clefl:ﬁ::sﬂ/]e
itric aci i ic acid cycle, which release
citric acid / tricarboxylic acid cycle,

organic compounds by oxidative reactions.
JXICAUIVE T =

« Oxidation of fatty acids from fats by the sequence called B-oxidation

also provides energy
/_—ﬁ‘_/
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* Acetyl-CoA can go to one of the following pathways:
1-Tricarboxylic acid cycle-> non aromatic plant
ﬁacids(citric, succinic and W
* 2-To form primary metabolites as fatty acids depending on

the enzymatic specificity:-> Acetyl- CoA + malonyl-
CoA will start the formation of fatty acids

c“——’—_‘—'—’_\\‘—._u__?
* 3-Can enter the secondary metabolites formation

-

* A{Mevalonic acid pathway @; penoid and@

_— — T~
: B’Q&M&J}gmmﬁow(aromatic,@and
polycyclic compou

' Anthraquinones;Prostaglandins, Fats,Marolide
antibiotic{erythromycine), Tetracyclines -
‘__-"\~———‘.

* * Krebs cycle= tricarboxylic acid cycle=citric acid cycle

ZC“_‘:‘LU"\

* # AcetylCoA is formed by 2 carl,.

* 1->Oxidative decarboxylation of the glycolytic pathway product m\b

* 2-lItisalso produced by —~>the B-oxidation of fatty acids, effectiveiVFéV&sing
the process by which fatty acids are themselves s

ynthesized from acetyl-CoA .

* ¢ Mevalonic acid-»mevalonate(Mevalonat- acetate)=>
e 7Y ictellvievalonat- acetate)-

. 1-%( Terpenoides)
2- Isoprene-> Squalene->steroids

* tcarbelMevalonic acid is itself formed @ee molecules of acetyl-CoA \but
the mevalonate pathway channels acetate into a different series of compounds

. than does the acetate pathway. ethved S es
o .
* ® Deoxyxylulose phosphate pathway: ———>  secpes o

* =>arises from a combination of two ycoivtigjthway intermediates, namely
byruvic acid and Sglyceraldehyde 3-phosphates

- #Shikimic acid - shikimate pathway-> 1- Aromatic amino acids , 2- phenols, 3-
Alkaloids, 4 lignans, 5- peptides and 6-antibiotics(penicillins) '
—_ T R

« Shikimic acid is produced from a combination of —xphosphoenolpyruvate,a
glycolytic pathwayintermediate,and erythrose 4-phosphate from the pentose
PHOSphAE: ——

« pathway (see figure of the building blocks).
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Secondary metabolism: refers to the bi

of smaller organic compounds found i | iosynthesis, utilization and breakdown  becase

th a@ter
second. nthe cell. These compounds, called #1730
e :eon, Z’;’;!:zolltes arise from a set of intermediate building blocks : ~ ¢/af ,L"‘,,, )
phosphate (ME) éﬁﬁ(?rtnyl Coﬁ(\j) mevalonic acid (MVA) and methyl erythritol er
Ic acid, and the ami i i - gro¥ie 1
tryptophan, ornithine and lysine. ME.RAve phenylalanmeltyro:nfe -0
e e
r-t\ro""“‘ aley ;('\:PLI\FK
@ G ' : e
(& \ HZN\/\/I\COQH
iSCOA ‘ Lot ; @/\(Cﬂﬁ NHZ
Pos 505 C NH, HzN/\/\/kcozH
SUaTY éé[ \ | '\ L
etk erstheit ‘r)(aloPL h Lysirt
o preat 17
e o €
Ac o~ \
A
s\,

Constructing of natural products

* |n addition to acetyl CoA ,shikimic acid, mevalonic acid and deoxyxylulose
phosphate, other building blocks based on amino acids are frequently
employed in natural prodacts. E

_,——/ ‘
N et v—! ot

a2
« 1-Peptides, proteins, alkaloids, and many antibiotics are c= “‘:
derived-> from amino acids, and the origins of the most e
—— e e e I

important amino acid components of these are briefly indicated in.

S —_ - —

* Figure
« 2-Intermediates from the glycolytic pathway and the
_____,_—-.__———"_‘.___.-——-——,
Krebs cycle are used in constructing many of them. N
W "
« 3- Shikimate pathway5 mno acids D (ekeryl «lonine/ byesint [reyetee )
—_— e — N_—
e, tyrosine, and tryptophan.
~>phenylalanine, tyrosine yptop
« 4 Krebs cycle intermediates ->Ornithine,

¢« anon-proteinamino acid, along g with its bp_r_ngl_w

Jge.c¢u)‘-
Loty Lok >are important alkaloid precursors\
’ Y -
N
af f“’ ?O(\' p , s
P a M ne €
) L 7 ; (HY‘-“\ - D~ U z
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The building hiacks

II.C’S\/YCOJ. =5 —X-CH; (X=O.NC)

NH: Gy
L-Met ——
CO:H
Y SCoA Hr SCoA — Cm=C
o o G
a—
acetyl-CoA malony1-CoA
SCoA HO,
ix —> HOLC OH
acetyl-CoA mevalonlc */
acid
isoprene unit
OoH HO, = Cs
or = or
o OH OH O
deoxyxylulose mcthy lerythritol
phosphare phosphate

L-Phe 5 ©’v = [LXN
CO:H ™
! e,
- NH, ©/
L-Tw

CGy
€O:H
CO:H
NH;:

NH, N

L-Phe - =Y N

N
co.H NH N

Indole.C,N

NI

KH. [ }
£ CaN y
L-Om " N

H ) O
NH: .
Ly - CyN N

C1:

* # The C1 methyl building unit is supplied from
Lmethionine and is introduced by
TR i st Slad) 8

Sa nucleophilic substitution reaction.

* =>In nature, the leaving group is enhanced
by converting L-methionine into

S-adenosylmethionine (SAM)

CamScanner
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* 1- This gives a positively charged sulphur and
facilitates

* - the nucleophilic substitution (SN2) type
mechanism
» 2-Thus, O-methyl and NV-methyl linkages may
be obtained
« > using hydroxyl and amino functions as

nucleophiles.
« 3- The methylenedioxy group (OCH20)

C1:

Alkylation re:-clinns:Wr

(a) formation of SAM " 3{,\04( NH:
‘ ne v N =
e b P N
Hic, P H,C, < 1)
‘s ATP P,PP @s-CH _ NTON
HoN ,§ HaN -é HO OH
© CcOo.H COH
L-Met S-adenosylmethioning
i (SAM)
(b 0-and N-‘llk_yluliun using SAM neutral molecule is
N good leaving group
d
CO,H Sr._;" reaction @ \
-—Q.H. H:C U \/\( : —0-CH; S COH
H
( Or—NH" ) SAN] Hy HG) NHa ‘
T = l S-adenosylhomocysteine
o l' 2\2
. O_CH3
- (or =NH—CH3)
o (c) C-alkylation using SAM ‘: \')', ’
J}.:u"‘ G—"(__"c..,(sm 2 ;E:'r‘;;"i"r‘ ) ‘\}\3
?kﬂ“\ _ortho (and pary) (‘"'d ara) / carbonyl groups 0 H ‘?d(a
posirions are. CO3;H increase acidiry and ; CO,H
activated by OH HzC j \/\r ~aliow formation of &Y HiC j \/\r
’ enolate anion NH2
OH _— (0] ____’/—-~~_,/'

- —
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.
arermal
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Cz . Plew‘ i CLL_j\‘,\ - c'e b & e C2 JJ de
' uvam;ek acebole  Path wey

1- A two-carbon unit may be supplied by acetyl-CoA.
2- It forms part of a long alkyl chain (as in a fatty
acid) or may be part of an aromatic system (e.g.phenols).
3- Of particular relevance is that in the latter
examples, acetyl-CoA is first converted into the
more reactive malonyL—Qq\A before its incorporation.

RS 1 DY

iwe Pa
Cocber [ O]
\rS‘-‘m\ SCoA
K{ = (=
() ;
|0 . {4
welyl-CoA malonyl LoA
reachuyg -3 ‘Q—' MmenD 10 C
R o ';OF'\JSEPr:I .se}clu:)' 15 ¢
& HJ “ — di ¥ &
CS: SR— g «—— se} 28 ¢
1-The branched-chain‘CS ‘isoprene’)unit is a feature OfJ L 2o ¢
compounds formed—>from mevalonate. b

-Mevalonate itself is the product from three acetyl-CoA

molecules, but only five of mevalonate’s Six carbons are
used, the carboxyl group being lost.
/ %—_ﬂ__*

v !
= e v
‘-P_f .PQI\O :J - (}:‘2‘-" CULQ,()‘JI'--
A= Jgec.,\.r way*k\';-\h s
-y A rS oH
tatait T reduokhn 5 S
SCoA 0 \ 2
3x = y
(0] “ = @ \ ‘\\‘
acetyl-CoA mevalonic )\,
eSS acid
-_——
isoprene unit
OH HO

7
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* 1-This refers to a phenylpropyl unit and is obtained

. —)from. the carbon skeleton of either L-phenylalanine or L-tyrosine, 2two
of the shikimate-derived aromatic amino acids.

« 2-This,of course, requires loss of the amino group.
,w____”.———”_\____,———

« 3-The C3side-chain may be saturated or unsaturated, and may be
oxygenated. '

« 4 - Sometimes the side chain is cleaved, removing one or twWo carbons.
« >Thus, Es_ggand €6C1 units represent
« Smodified shortened forms of the C6C3 system.

W

L-Phe = |/ -
(N#/) N
CO,H A W
~E e (qI_LcA\)"uh(m ‘6C2N
NH;
HO Yo
L-Tyr L;{J}

« C6C2N:
« 1-This building block is formed
- from MM@QM L-tyrosine,
Aﬂrg_jge_y_g_igg by far the more common.

« 2.In the elaboration of this unit, the carboxyl carbon of the amino
acid is removed.

— e——
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* (Indole.C2N):

* 1-Iitis formed ->from the aromatic amino acid
L-tryptophan(Shik. acid p.w)
* 2-This indole-containing system can undergo
decarboxylation in a similar way to
~L-_phenylalanine and L-tyrosine
so providing -» the remainder of the
skeleton as zin@dlﬂé.'cﬁ\l_ﬁfﬁ/\

-

* CAN:

* 1-The C4AN unit is usually found

—asa heteroceylicCgﬁMsystem.

« 2t is produced from

({‘9.\-
-> the non-protein amino acid L-ornithine. (s <<k )

3-In marked contrast to the C6C2N and indole.C2N
units described above:

* —ornithine supplies not its a-amino nitrogen, but the
. —/—\_‘\-’
5& Ca-amﬁno nitrogen.™

4 -The carboxylic acid function and the a-amino nitrogen
*  —are both lost.

CamScanner
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E o decart i

H.?.N M’; COzH
- N M - O
CsN N

NH,
L'Lys 51 ? -} I"| An "‘\\

ar pma ek,
A Pn‘r/;r/lJ'h(

Corm

* CON:

* 1-This is produced in exactly the same way
* —as the C4N unit

* (piperidine)

. —>but using L-lysine as precursor.

Examples of how compounds can be visualized as a combination of
building blocks ((Y’

orsellinic acid

parthenolide
4x C3 3xC
xLs . CeCy +3 x Cy + supars
weerent o ® OMeg,
theayl peapyl- podophyllotoxin

2xC5C3+4xCl

lysergic acid )
indole.CoN +Cs + C, C4N+" xC+ (C5C1>+ 2x Cx

tetrahydrocannabinolic acid “papaverine

6xC+2xGC5 C°C1N+(_CLC3)+41C,
—. ﬂ // ﬂtir“d—. vl
CCa cC o7
o (g€y
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The different secondary metabolites are
biosynthesized using 3 different pathways.

(‘ ,.mcs(j ;—eh?l ‘A"es Ll vhe p*“'"\ 5&

* 1) Acetate — Malonate Pathway 2) Acetate —

Mevalonate Pathway : (terpenoids and
steroids)

L~ fL«,.\,}q lc\H:M

o AT L-Yeipbephan
3) Shikimic acid pathway (aromatic amino ...
acids and ph
2clgs and phenylpropanoids) , ¢,

* Each of them is responsible for the production
of certain classes of secondary metabolites.

®A,\{,\oqc:c}~ PanaJ La[kalo‘.,l)

Co,

|

Erythrose-d- o Primary mctabolism

phosphate l \
Glyceraldehyde-3-

Pynuvae —————> phosphate

=

[C Acycle €——mr Acetvl-CoA
v
TN |
LShlklm ate
pdlh\'»ﬂ\’ » {alonate

Ahphalu

Mevalonate
pathway _~ pathway

\
ummo auds . ,, -
.-\rumulu [
Amino

‘“‘“ i Polyphenols
(Mavonolds,

stilbenolds)

Terpenoids
(Isoprenessaponins, di-,
tri-terpenes)
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Important sec -
pr(?sta |andin2n::;y metab.ohtes f?r.med from the acetate pathway include phenols,
e tves okt macrolide antibiotics, together with various fatty acids and

e primary/secondary metabolism interface.

—== 2] T

Shikimic acid i )
p_ﬂ—altt:wéc ?C'td is prc:nduced from a combination of phosphoenolpyruvate, a glycolytic
y intermediate, and erythrose 4-phosphate from the Me

y S pathway. e e sk .
o’ iki ghegl peopal dunuattes
== 1:he shikimate pathway leads to a variety of phenols, cinnamic acid derivatives, CiCy
cele=s« lignans, and alkaloids. SE.git —
=3 e,

@ e A,
Pt Mevalonic acid is itself formed fromw’ but the

= i e
‘,hplq“*rmevalonate pathway channels acetate into a different serielgmrrnpounds_thia_n does

2o 91 b TTE BCEALE PANWRY.  shovatdl & ferpeid 72T 0P

!
Deoxyxylulose phosphate arises from a leml!tic pathway

rednes)
¢ elling intermediates, namely pyruvic acid and glyceraldehyde 3-phosphate.
eg] ) “'.‘—'S ‘.N ( [V k,'J )
< v [X'g ' *
P v H'SL Leu\eﬂ ,p P(Q’f’ﬂjld‘f\Lr—’
/ ()
J
parace hmc’l (r\/‘fJ
(PC2 Tnhisy, .
PRIMARY METABOLITES INTERMEDIATE METAB! LITES SECONDARY METABOLITES
coH
5 c"-\z \\\
O, * H0 » Glucose ) Eentr::ase pimﬁhali . . s
2 rythrose-4-phosphale HO' -~ Aromatic compounds w
_ o & (cgCyi CeCy) \
“Shikimate ~—> 61 6 2 \
~— _Phenylpropanoids (C ¢ C3) \
Phosphoenal pyru\ate *NH Lignans‘,\,‘ e ~,\
Polysaccharides R 3 Tigaih pelymas
m Aromatic 7 Aromatic alkaloids $ *
(D/\I/w amino acids
Citric acid B >———- Mixed alkaloids
cycle «——— Pyrunate e Aliphatic /
amino acids
T Aliphatic alkaloids ) /
u\/\/\E‘m\' W\/t'
oo 4/'-——\
/e ekt made ny & Con potly s —
e Polyketides ~——> w ~|_
SCoA > @?—a@ (
Phenylpropanoids fwe W iE (;:: .
pthwey = 7
Faity acids —> Prostaglandins
b } ‘Overview of %‘\ /‘:n(lc—;:d\ . _Terpenes
« : N@a —> Steroids
' - Secondary M Non Carotenoids
) Metabolism I
* Metabolites found in Iridoids .
. Ll
higher organisms only . Akaloids
g v Aliphatic
of amino acids
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Plant Secondary Metabolites

* Secondary compounds are grouped into classes based on
similar structures, biosynthetic pathways, or the kinds of
“plants that make them. The largest such classes are the
alkaloids, terpenoids, and phenolics.

* Secondary compounds often occur in combination with one
or more sugars. These combination molecules are known as
_8lycosides. Usually the sugar is a glucose, galactose or
Me. But some plants have unique sugars. Apiose sugar
..A«/ Isunique to parsley and its close relatives. ~
' )N e——

C""r

ﬁg\} UJ” - j{j(:]kﬂp )
o tr, Lin) ! = oy dic bend
5 gij( J\Cf; Llh o () I; .
caripawak A OH \.’__l/\%\’ Aglyces
3 e b 4
L fark
7 st J OH OH
boa
l;nJ(WjQ of

Acetate malonate pathway , o>
e ANCN ¢
?jld&ﬁ Ds o\ QQZF;:N%f\//\N/N\‘L\ acekj(+~«c¢§;|4- Aﬁchﬂ - - i::)

* A-Non-aroamtic derivatives_(polyacetyw
_@IV_VQQS}‘:’ 2 = = tdeblbenad) |

* B-Aromatic polyacetates (p/cﬂ&%ides) |

_—\—,
[-¥g
small .

(=]
I
—g =4
M-LPL;) ine JnuP

Artf“LQ
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Acetate-derived Natural Products

Ac%tate formed from carbohydrate via pyruvic
aci

Produce large no. of imp. natural products
(flavonoids, anthraquinones, macrolides,
terpenes & steroids)

2 main routes originate with acetate pathway:

1.A%c1l1malonate pathway leading to FA &
polyketides

2.Mevalonic acid pathway producing terpenes
& steroids

Acetate mevalonate pathway

Isoprenoid compounds

Terpenes (mono-, sesqui-, di-, tri-, tetra-, poly-
terpenes) T
« Cardiac glycosides Y > Acehy CaA

—

+ Saponin glycosides 6 o

- L N
* Steroids Hozc\>3-\/\0H

- . 2 4

e Vitamin D Mevalonic acid (MVA)

"\

CamScanner
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« Shikimic acid is a very_
substances, because it contains a ring an
for the formation of three important ami

Shikimic acid pathway

important building bloc
dit’s a

no acids:

Phenylalanine, Tyrosine and Tryptophan.
g e

Aromatic biosynthesis:

Phenols

Phenolic glycosides

Phenyl-propane-derivatives

Lignins
Lignans

_Aromaticamino acids

.Af\‘\\(
“d@ gon Gt )
*Polyacetylene \ -
/—.\/‘%/—\—’—\ . ‘\‘ —_—
L

*Polyketides ¢

\)

rapamyecin
(immunosuppressant)

LN

lovastatin
(anticholesterol)

C'

\f\i

erythromycin A
(antibacterial)

j/\,><1j o,
|
A A

Hye™

./
0O OH O

epothilone B
(anticancer)

NMQZ

HO

k of phenollc
lso important "\

—
!

l (0]

X

H
Shikimic Acid

H

© \)Lon

rifamycin B

(antituberculosis)

(E)-resveratrol
(chemopreventive)
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kn\

ra ¥
¢ 6\/’,9,/(

")
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“Amino acid” pathway

i i ining “N”.:
Includes all biogenetic druwa g N
-Alkaloids

—

-Cyanogenic glycosides
-Glucosinolates
-Alliines

-Antibiotics from amino acid metabolism

-Anticancer drugs from amino acid metabolism
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