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- 4 BIOGENESIS OF SECONDARY METABOLITES

INTRODUCTION

: biosynthesized by (numerous ways and therefore it constitutes 4 hﬂq@&fﬁy .,
Ay arg li Z)im of view. The two basic pathways involved are: the shikimic acid o
roup from a metabolic p . bk Al RIMIC acj

ind gxe malonic acid pathway. The shikimic acid pathway involves itself in the biosy

plant ph;ﬂ;aﬁcﬁgjﬁfhc malonic acid pathway is an important source of phenolic secq

Ny Wy
Nthesis of -

. . nda'ry Pmdﬁ_:“
in fungi and bacteria, but to a lesser extends in !gghcr plants.

SR

The Calvin cycle or carbon fixation or Calvin-Benson cycle is a
that occurs in the chloroplasts of photosynthetic organisms. It was dj
Andrew Benson. James Bassham has also made important contribuy

tions to elucidate this pathws |
The calvin pathway is light-inde ndent and occurs inside the stomata. It has three phases. Phe |

3 the regeneration of carbondioniée |

1 is called the carbonfixation, phase 2 the reduction and phase
acceptor, RuBP.
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Tricarboxylic acid cycle or Krebs cycle

~ In the first step of the TCA cycle, the methyl carbon of

i the keto carbon of oxaloacetate to produce citrate. As th . s Iclps: the B e
_ thermodynamic unfavourable precursor, the exergonic nature of citrate syn

ion i oplasm
10 proceed forward. The acetyl Co-A present 00 the mitochondrion 15 trarllsp;ﬂ:ii if;t:;e L;g’fefzyme
by the excess of the citrate. This acetyl Co-A which is brought (o the ‘;y;;’fi i ppriiar]
} Co-A carboxylase and is then utilized for the biosynthesis © y

i itochondrial enzyme which
The isomerization of citrate to isocitrate is brought by aconitase, a mit " ction and the enzyme
specific in nature. The enzyme cisaconitate is 11

nked during the
s is called the non heme iron protein due t0 the

Acetyl Co-A is allowed to condense with

e oxaloacetate formation occurs through a

presence of inoreanic iron and sulphur as
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Bidéyﬁthétic, relationship of various ,ééc!gndaryﬂm'et‘abolites ‘

Shikimic acid pathway f L) e
M 2 B

Itconverts simple €arbohydrate precursor derived from glycolysis and the pentose phosph.ate p.atf.lway

to the {aromatic-aii n‘b‘z‘rcids-lﬂcei”ljfphenylalanihe, L-tyrosine and L-tryptophan. Shikimic acid 15 an_

intermediate product in _this pathway.and it is present in plants, fungi, and bacteria but not found in

dmmals. As animals do not synthesize these (phenylalanine, tyrosine, and tryptop

these are classified as essential nutrients in animal diets. . Sjmacplle —7 ,

Natural products derived from shikimic acid range in complexity from the very §1mple products
he. .precursor of aspirin, lawsone (2

like V_agil’lin; used primarily as a flavoring agent, salicylic acid; t !

“a@_‘m@one used in some sunscreens) to a more complex natural products like lignan lactone
Podophyllotoxin. Shikimic aci& path;x:ay also generates cinnamales, anthranilates, common
MYlpropanoids in essential oils including methyl chavicol, eugenol, methyl eugenol, methyl

2 r‘-’anillin_& anethole; lignans &,ﬂavonOidS-

han) amino_acids,
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Prephenic acid

l
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X C—CH,—CH—COOH -
| ] | on S
C
- N~ ~H NH, Para hydroxy phenyl Tyrosine
| Pyruvic acid
H

Tryptophan

is_in_plants.

t 20 amino acids which ar
ansferases are Very impo

There are abou
epzyme 2minoans

ot they can also distribute the amino_groups.
' grouped into five:

1l the 2mino acids are
precursor, the
goup, the serine-glycine group

phosphoglycerate and

%ﬁmPecﬁvely. The amino acids belonging
aspartate,

aginine. The amino acids like
Cﬂmpks of amino acids grouped

aspartate family with

phosphoenolpyruvate an

Shikmic acid pathway

for the synthesis of the proteins. The

¢ required by the plant
-Keto_acid.

rtant as they can transfer an amino group to a
Based on chemical structure and on their
the glutamate. family has alpha-keto glutarate as its

product, thePalanine-valine—leucinc

oxaloacetate as its starting
tic amino acids with pyruvate, 3-

s the starting products
lutamine, proline and

and the family of aroma
d erythrose-4-phosphate a

family are glutamate, &

to glutamate
isoleucine and me

asparagine, threonine,
in aspartate family.
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AN —C—H N —C—H LH
l
CH, ATP CH . H H
| NADH _ | 2 . H,0 > __J_N_ﬂ[_)f—}i—? ;
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Phosphoribo sylpy Phenytalonine
v ylpyro phosphate :
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| \ >  Proline
valine €+ Alpha keto glutarate — 3 Glutamate
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— Homoserine —» Methionine L, Qmithine
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. L Threonin ;
Sernne l € = '
Citrulline
Cystine < v ;
il Lysine Isoleucine v
Argining
Tryptophane , A g
Asparate — Asparagine
General amino acid formation
bases. Most of the drugs contain various alkaloids,

Alkaloids are a group of nitrogen-containing
—4_-“‘— . - . - —
which are investigated using labelled radioactive onstments hike

i :ved from purines or rimidines, W
caffeine are derived from PUIIREs OF PYZEEE

precursors. Some of the active ¢
hile a large majority 18 produced from aminQ aCIds,

Ornithine is a precursor of the cyclic pyrrolidines that occur in the alkaloids of tobacco (micodns.
nornicotine) and in Solanaceae family. Most of the tobacco alkaloids have picotine &s the SEMI
compound. Few of the intermediates produced during the biosynthesis of ropane are also the starun

compounds for hyoscamine and cocaine.
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0
S
S
~ HO
e T ) Codeine Morphine
‘ :‘.\"ﬂ’;‘\\.\
m aumamnale and the related species also belongs to the same

‘. Al :ﬂk:ﬂoid of Colchicu |
- qs it can inhibit mitosis. It also prevents the formation of microtubuli

) ‘:;.. , hest-knowtt paison,
”‘\T h..‘mc'-;’i‘“‘" of mbuli“c dimers.
A e 3T
CHO ?
N—C—CH,
|
CH.O 0
CH,O
o
OCH,
Colchicine

About 1200 dissimilar compounds, the entire of which
The tryptophane derivatives correspond t0
of them are medicinally valuable. Tryptophane and its
s for the biosynthesis of broad range of indole
hus alkaloids are examples; and also in the

Indole (derivatives of tryptophane, etc.):
a typiophane Jerivatives have been isolated till today.
25 percent of all known alkaloids and many
deszhoxylated product (tryptamine) are precursor

dizloids of which the Vinca, Rauvolfia and Catharant
gkaloids belonging to families like: Apocynaceac, Loganiaceae and Rubiaceae. D-tubocurarine: the

xtive components of curare, is also a tryptophane-derivative. Tryptamine on condensation With
secologanin produces vincoside a nitrogenous glucoside. Some of the indole alkaloids in vinca

- fomed from vincoside. Lot of well-known fungi poisons also belong to this group-

Biosynthesis of indole alkaloids

COOH
NH, — N NH; *
; H
Tryptophan Tryptamine
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Ac%d éathway to Terpenoids and Steroids

a0 . Sitie By s
e’ Ads of ditterent molecules trom various plants have been isolated
, ROUSANUS

S 3 Y \:‘ﬂ"{?d
S

and characterized.
is 1 ! . all of them. Tsoprenes could
ndamental building block for the isoprenoid compounds as well

qructures, 101s found that a few pathways synthesize
) and 85 3 fu ‘ _ . _ as many sterols
] “.":‘;;‘,“:n:,\’ By 1950 1t was established that lhc‘ acetic acid was involved in the synthesis of
T L squalenc, sterol, and rubber. The use of methyl and carboxyl labelled acetic acid with
55""::‘.\;1;:::..\' indicated that the methyl and the carboxyl carbons alternated the skeleton of cholesterol
_.I and that the lateral carbon atoms all arose from the methyl group of acetic acid. The
w \L,\ o acetyl co enzyme A, the so called active acetate gave further support to the role of acetate

L

.. piasynthelic Process in 1930. In 1956 mevalonic acid and the demonstration of its incorporation
\n sssues into those compounds possibly formed from isoprenes units, was reported. Mevalonic
:"?\-;":““ - . —_— 2 ~ r ralaries acy jc 8 - :

aedich s 3,5 dihvdroxy —3-methyl valeric acid, is a 6 — carbon acid and as such is not the active
gl WhRA

e unit which forms the basic building block of the isoprenoid compound. During the next few

[}
i

;»:.'J?.s‘- ] . _ ' :
eirs Of research, 1t was established that the 5 —arbon compound for which biochemist had been

L]

esking SO loag was isopentenyl pyrophosphate by the decarboxylation and dehydration. Steroids,
_oienoids. gibberelic acid are some of the members of polymeric isoprene derivatives. Mevalonic
scid upon phosphorylation 1s transformed into a phosphorylated isoprene, which undergoes subsequential
. ;m}.\maizadon. All green plants are able to generate linear isoprenoids in this way. The terpenes with
more than five 1soprene units are fairly wide-spreaded; but a lot of the simpler terpenes are limited
1o some plant groups. Sesqueterpenes are common in mosses but also occur in higher plants. In a
similer pattern, MONOterpenes (iridians, iridoid compounds) also occurs in higher plants. Gibberellins
g diterpenes, which are grouped as phytohormones. Steroids are triterpenes or triterpenoids.
Triterpenes are a group of molecules that contain 30 C-atoms. The triterpenoids are g.encrm.ed by the
nolymerization of six isoprene units. Steroids are found in both gymnosperms and in angiosperms.
The terpenoids are hydrocarbons with one or more C=C double bonds, while the terpenoids are
oxyeen-containing analogues of the terpenes.

Generally the class of terpenes has 5-carbon units, often called isoprene u

1 % ' 2 S
regular pattern of head-to-tail in terpenes up 10 maximum of 25 carbon

HO
Hooc\></\
oH

Mevalonic acid

Isopentenyl pyrophosphate or 3-methylbutenyl pyrophosphate
tquivalent to isoprene. e.g. for monoterpenoids:
Glucose — Acetyl CoA
Acetyl CoA — Acetylacetyl CoA + Acetyl CoA »
Acetylacetyl CoA + Acetyl CoA — 3-hydrox.y-3'cfir;
3-hydroxy-3-methylglutaryl CoA —> mevalont® g
mevalonic acid — S-phoshomevalonate - oqhylaly! P
S-phoshomevalonate — 5 Py

S pyrophospho mevalonate — 1P

nits put together in

e hiogenic

is regarded as {

ylg]umf)’l CoA
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