Chapter 6:
Acetate — Malonate Pathway

+ Acetate-derived Natural Products

e 3‘ :
.;.IA =)
Aci_@formed from carbohydrate via pyruvic
3 C2
AUDL K

Acetate is %ge_uowt
natural products (fl s, anthraquinones
n,_]_a/c—@_q_e—s ’W mevalonic acid publway
2 main routes originate with acetate pathway:
e 1.Acetate - Malonate Pathway leading to FA & &
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2 Mevalonic acid pathway producing terpenes &
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Acetate malonate pathway

ACANN

Lo at l—j1 '
‘s acetyl Lo ace ;
\9 OO-H q‘-'b ‘ s« e
Abwl’ \5\»‘9 Rw\c Q\e . B c]osely PR,
b°%~ "+ "The biogenesis ofnaturaug’c_cﬂlmﬁc tyl c:ubsfance OO CoeY
related to the synthesis of nsaturatedfatty acids. . &
* Inthe Plant Kingdome, fatty ._,ﬁCief are used to form of frlglycer@o produce

.::—ﬁ‘ 0& -
« \ . lank™ . SUA , ]
U'\"‘J 2 ¢~ oils« ¢ ' ‘{‘:‘ »—-f = R . : —H LW P
v 3 . € natural sequence of the fatty acids (even-numbered fatty acids) starts with

Palmatic_acid (16 carbons), Stearic acid (18 carbons) and then Ara'cf!:'donlc acid
(20 carbons). Palmatic acid and stearic acid are important in plants’ oils,
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Joakb Oils are composed of three fatty acids connected to glycerol. h.’;hcw tehe
"':, -4 * [Ifglycerolis connected to saturated fatty acids, the product is a solid

Substance called fat, and its found rimarily in animal kingdom (mammals
especially).

{)_; (5 { When at least two of the h droxyl groups in the glycerol are connected to

unsaturated fatty acids, the product js termed as Oil, because of its liquid
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Lipids in plant kingdom include
« fatty acids and waxes

" &ssential ojls Lo ohalife wlbamis
* many vitamins Kk Lt
* hormones (non-peptidg)
* Components of cel| membranes (non-peptide) L' ke ok cS,oluo lie s/
—————— = T=mbranes (non-peptid
Lipids are Hydrophobic (non-polar, soluble in organic

——

T —— H L S
solvent), typically of low molecular compound or organic origin
——

Share a common biosynthesis that ultimatel
source from glucose (glycolysis)
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Glucose l_) pyruvate — acetate
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Acetate-malonate

pathway and Mey [ ‘ ’d:

S 5 _ alonic acid pathwa -

Start their biogenetic role with acetyl CoA —- i Y )'XD '
¢ (P c:mlzimi/mhr‘-u\

ACZ | CoA is a very important b

carb

Al uilding block of two A<ty ¥
c bw' It is needed in the degradation of e honic oeid
M and the synthesis of fatty acids, and

. ?a w-g?
appears In Krebs cycle and in the breakdown process of
fatty acids.
Acetyl CoA + CO2 > Malony-CoA ("3 carbons
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Now we will start with acetate-malonate pathway, and
specifically with non-aromatic (aliphatic) derivatives.
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None-aromatic derivatives in the acetate-malonate pathway

olyacetylenic or polyynes , compounds having several
W’
unsaturated bonds. \ malttele decble Londl
'._—/_________—-—"-—\___/-
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Pyruvate dehydrogenase: Multi-enzyme complex that
converts o

pyruvate to AcSCoA (most important step in Acetate-
malonate pathway).
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Acetyl CoA is 3 thioester.

Thioesters are m
nucleophilic acyl substituti il consi
rga_ct__wethaﬂ\agg__ghlond
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Fatty acids (FA), fats, waxes

)} 2
IR G g 2R s
* FA: saturated or unsaturated ~ scctestt 047 R
* Biosynthesis: potse! €A ot C" =
Saturated: s b epCioa gy
AcetylCoA+ CO,—MalonyICoA ), .te,  Luntdlysd
AcetylCoA+ MalonyICoA - CO, —»FA (4C) Lo oS
- — — Ewe carlom
% . be . b . {o V& . 1t1_ .
,Cg But r|c 4C), Caproic, Caprylic, Capric, Lauric, Myristic,
1 6\Palmitic, Stearic, Arachidic (20C) gy

f:j}; Unsaturated: by(dehydrogenatior of saturated FA

, > <Oleic acid)18: T{(Qc)is-> Linoleic acid 18:2 (3¢, 12¢) ome 94 4
hv«:.*’g;_L_l_rlqlenic acid 18:3 (9c, 12c, 15¢) sme5+3
%3\ Y- Linolenic acid 18:3 (6c, 12c, 15¢)
Arachidonic acid 20:4 (5¢, 8c, 11c, 14c) omega b

Eicosapentaeonic acid [EPA] 20:5 (5c, 8¢, 11c, 14c, 17¢) smeqs 3
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Fats, Oils, and Fatty Acids. Fatty acids. refers to long,
straight-chain saturated and unsaturated acids, typically from

Ci, - Cyp (Table 26.1, p. 1069).
‘E;:.,

saturated fatty acids: y
CH3(CH,),CO,H n=10, lauric acid (C,,)
— | n=12, myristic acid (C,,)
n=14, palmitic acid (C,g)
n=16, stearic acid (C,s)

h

W CoaH

CHy

unsaturated fatty acid
\/\/\/\/@9\/}\/5\/3\/902*' C18: oleic acid
8 3 ~ T e ————

Ve 5 BV polyunsaturated fatty acids (PUFA)
13:3 [3,6,9)

G ~~
Co0:H  C,4, linolenic acid (Omega 3)

YT Y v
‘ S . . 9
/l\/“\g_)a/Lv\/\/\/cozu C1s, linoleic acid (Omega 6) 132 (e.2)
L e 9_ w5 So C_z_o_, arachidonic acid (Oﬂggiﬁ) na M
R AL (6,9,v,5/
v
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Linoleic acid
IS a polyunsaturated omega-6 fatty acid

alpha-Linolenic acid

(ALA) is an -3 fatty acid, itis one of two essential fatty acids (EFAs), so called because they are necessary for health,

and they cannot be produced within uman body. They must be acquired through diet. T
e i

ALA is an omega-3 fatty acid(9c, 12c, 15c)
O

HO 1 o 9 12 15 18
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~ e Ry ~~TheR groups canbe &~ 1
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H oH -+ Saturated or unsaturated>
the same or different
glycerol / P B il
es )\f_( {.;F\’ nj
(o)
ﬁ when some of |.|2c_(3_(l_l~,__R1 H C—O—g—R
H,C—0—C—R; the R groups are b VAT 2 8 1
?l unsaturated i 2, Catalyst - l i
HC—0—-C—R; H, catalyst HC#O—S-Rz HC—0—C-R,
I ﬁ —_— 1 9
H,C—0—-C—R; H,C—0—C—Ry H,C—0—-C—R,
Partially hydrogenated: 1
some cis double bond are au«:'r:ger;ate only saturated
isomerized to trans double bonds —_—
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) “‘%Wg Some important oilslfatslwaxes'f._ :

4

k;(’f * Olive oil: Olea europea (Qleaceae)

¥~ « Arachis oil, peanut oil: Arachis hypogea (Fabaceae)
* Sesame oil: Sesamum indicum (Pedaliaceae)
* Almond oil: Prunus amygdalus (Rosaceae)

* Cottonseed oil: Gossypium herbaceum (Malvaceae)
" Soya bean oil: Glycine max (Fabaceae) —

——

* Castor oil: Ricinus communis uphorbiacea)
* Cocoa butter: Theobroma cacao (Sterculiacea)
- Beeswax : Cera flava T

. Spermaceti;,ﬂll@eter macrocephalus
__Spermaceti (from Latin sperma meaning "semen",

and cefimeaning "whaltils_a@)substance found in
the head cavities of the-sperm whale

Q 294

Castor been
frosic ¢ beie)
Castor Bean, Castor Qil Plant: ﬁ;»u'-'* " i B
(£ ashs o) -9 )80 15T)) o2 TR
@L. Family: Euphorbiaceae ;_/:)‘ '
Castor bean Oil: ' <'"* !’ g il
*Oil from the castor bean seeds: Lokl
*The oil'is obtained from the seeds by two principal e
methods - expression and decoction. The latter process

A.;;:Hnﬁ
is largely used in India, where the oil on account of its
cheapness and abundance, is extensively employed for

illuminating, as Well as for other domestic and medicinal
purposes.

tan S~ PUnr &
Castor: e |
is a triglyceride, comprised of fatty acids, 90 % of which
is ricinoleic acid, 7% oleic, 3% linoleic, 2% palmitic, 1%
stearic, and trace amounts of dihydroxystearic.

205
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related to the degree to which s are
-2~ chewed. Effects begin as naﬁisp

Medicinal Uses

Where can | fing Castor oil in the pharmacy?

1. Castor oil is L
purgative. | -od o traet Constipation itis Laxative &

2. Castor oil can b .
1 b& used to treat Skin P
sunburn, abrasiis. a47e, dry skin oo Such as

AL _ ry skin warts.

?h Castor oil is us_ed In hair treatment: Castor oil protects

t e scalp and hal'r from microbial and fungal infections due
o the presence ricinoleic acid which has germicidal,

insecticidal and fungicidal properties

4. Castor oil is used in as anti-wrinkle Treatment
Contradictions: - | [raas
astor oll Is contraindicated in intestinal obstruction and

- /—_-——-—__"‘\_/
during pregnancy and nursing .= f.d.
*The drag cant be administered to children under 12 years

Toxic Part in castor : The toxin Ricin

is found within the hard, water-impermeable coat
of the seeds. The toxin is not released unless the
seed coats are broken (e.g., chewed) and the

contents digested.

S Ayt
Symptoms of Poisoning
Variations in the severity of toxicity may be

.- _\ vomiting, abdominal cramping, diarrhtlaa,
and dehydration.  ¢° ¥ s
-One castor bean contains enough r_u_:_p to

kill a child
/—

297
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Omega 3 fats

Omega-3 fats are a key family of polyunsaturated fats. There
are three main omega-3s:
; 20545 221 6 . _
m‘gf\"- Eicosapentaenoic acid (EPA) and docosahexaenoic acid
" 5(DHA) come mainly from fish, so they are sometimes called
Y25 marine ome W, o B

349" 2. Alpha-linolenic acid (ALA), the most common omega-3 fatty
afmw is found in vegetable oils and nuts
(especially walnuts), flax seeds and flaxseed oil, leafy T
vegetables, and some animal fat, especially in grass-fed
animals. The human body generally uses ALA for energy, and

conversion into EPA and DHA is very limited.

298

Why do we need Omega 37?

Aot

Alpha-linolenic acid (ALA), is found in vegetable oils and nuts (especially walnuts), flax seeds and flaxseed
oil, leafy vegetables, and some animal fat, especially in grass-fed animals. The human body generally uses
ALA for energy ) Je2l ,

The strongest evidence for a beneficial effect of omega-3 fats has to do with heart disease.

Omega-3 fats lower blood pressure and heart rate, improve blood vessel function, and, at higher doses,
lower triglycerides and may ease inflammation, which plays a role in the development of atherosclerosis.
—_—— ——— - ——

VI s
Several large trials have evaluated the effect of fish or fish oils on heart disease. In the Gruppo ltaliano per
lo Studio della Sopravvivenza nell'Infarto Miocardio (known as the GISS| Prevention Trial), heart attack

4 ¥ sunviyors who took a 1-gram capsule of omega-3 fats every day for three years were less likely to have a
i ,é., re,pnéla\f“hﬁ?art attack, stroke, or die of sudden death than those who ook a placebo.
) e s mias e i e

There have also been promising results from studies looking at omega-3 for cancer, depression, and

~ }5 \ ]7,2 attention-deficit hyperactivity disorder (ADHD). Due to these potential health benefits, fish oil, which is rich
in omega-3 fatty acids, has become a popular supplement.
There is evidence that recommended amounts of DHA and EPA, taken as fish or fish oil supplements, may
lo iglycerides and reduce the risk of heart attack, abnormal heartbeat, and stmkewg_r@e
ﬁrﬁ%ﬂmm people who have hardening of the arteries or high blood -
pressure. Similar effects have been found for ALA, but more evidence is needed to support its potential™

Loy
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Linseed- Flax seed ¢!l i

.ll g Active constituents:

2%

/ M
Linseed- Flax seed GUsh Ay
* WL. Family: Linaceae.
*  They’re the best plant source of omega-3 fatty acids. ™
. { 4 Ckam
Flaxsc_eds are also a powerful source of fiber, protein, magnesium, iron, and 1y e ‘JA_
potassium. - - e
. ) = A imer
Fla‘xsceds are also the leading source of a class of compounds called@ﬂ (2,:;
Q.- which are phyto-estro ens, or plant estrogens. Lignans influence the balance of ~ eheny! ¢ oyl
_———— - ; .
P s: . estrogens in the body and help protect against breast cancer. Jg' 'C*H;
~e ’—\_’\—’_ﬂ-—_— —
L ornen The seeds must be grotind, as the nutrients are difficult to absorb from the S

whole seeds. Since the oil'in flaxseed spoils quickly, it’s best to grind them as
needed. Some people us

e a grinder dedicated to flaxseeds, grind them in small
amounts, and keep the ground portion in the fridge in a small glass jar.
Sprinkle ground flaxseeds on oat-meal, cereal, and yogurt, and use it in

smoothies, pancakes, muffins, and quick breads. O

PANCaxes, n X ne to two tablespoons of
ground flaxseed a day is all you need. ek~

Mucilages: including arabinoxylans, galactans, rhamnogalacturonans.

J\‘ v 5t «——Cyanogenic glycosides: Linamarin, linustatin, neolinustatin (yielding under optimal conditions

30-50 mg HCN per 100 gm).

—

Fatty oil (30-45%): chief fatty acids linolenic acid , linoleic acid ,oleic acid.
Proteins.  glvben '\
Gluten: Flax is gluten-free.
*Lignans: secoisolariciresinol-diglucoside

lignans: FIMrce of a lignan called secoisolariciresinol diglucoside (SDG),
which is found in amounts ranging from 1 mg/g of seed to nearly Zﬁm =
lignans are natural antioxidants that may reduce the activity of cell-damaging free radicals,
slow the aging process, and increase overall wellness,

Besides acting as antioxidants, lignans are phyTogs-ﬁ'ogrens

Lignans are especially important for women as studies have shown them to decrease the risk

of breast cancer. In addition, lignans have been proven to reduce breast cancer symptoms and
reduce the spread and growth of breast cancer after diagnosis.
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Biogenesis of natural acetylenes

The precursor of the acetylenic substances is oleic acid
piniedet At o) S s

brie\d J =T

Lemd
H,C-(CH2)7'CH=CH-(CH2)7-COOH
V-2H de k_j drgenaht
H3C-(CH2)4-CH=CH-CH2 CH=CH-(CH,),-COOH
$-2H L. by el T genchlon
HsC(CH,)i-C=C-CH, CH=CH-(CH, ) -cooH
J-2H

H,C-CH,- CH,_CH, cH=cH [czcon CH=CH-(CH,),-COOH

$-2H J-2H L-2H

}z\c\& JS de,; O(Z,WLT; J s
c.c\d e

&ceb lend k}v ‘)—1; &::) ’

sul shances

.

Oleic acid [18:1]

Linoleic acid [18:2 ] - Linolenic acid [18:3]

Crepenynic acid (12-13 dehydrolinoleic acid)
—’_'_-_——\—__‘———-—._

Dehydrocrepenynic acid
PSS e el

Ref.:
Prof. Sulaiman Khalil
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ket «uu  Prostaglandin
.v,"]ll) cé . ’a\ Po—l‘r\ = P—Q"\"—r - fc‘k’\ess 2 5w 0—-”'.8
N ‘j“’) o The Prostaglandins (PG) are a group of ph
2

E diverse hormone-like effects in animals,
ALY
¥ m(‘ (Cholyl .

ysiologically active lipid compounds having

Prostaglandins have been found in almost every tissue in humans and ot

her animals, They are
derived enzymatically Maﬂxggig@rachodonic acidz. Every prostagla

20 carbon atoms, including a 5-carbon ring

- (Pe) i

-""\-‘——-/\/\co H
\ =
HO OH
P 4

O, 2

(PGF,,) —

Arachldonle acld
N CO,H
proslaglandin H.

Cox 1 uneyi (PGH) synihass 2 0,
PromGiaRtin 2 ua Tyt
endopeéraxide [ O, . i\__=/\/\

reduclase I

O

ndin contains

B e

Cexl
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prosiacyciin (PGY) o]
COH Synthase T
e

oM Y
taal HO 5
F » e Proslaglandin H Prostaglandin OH
h. & M.b‘ erwude_ (PGH,) 1 endoperoxide £ .
isomerase Somerasa Prostaglandin 1,
lec (Prostacyelin)
HO

0
W
HO OH
Prostaglandin E,
(PGE,)
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1
Prostaglandins. (elcosgﬁmds) C,, compounds derived

from arachidonic acid and related fatty ty acids  gv wsd M-
— : =

SLF
hormone:. (Greek, horman, to set in motion) chemical
messengers from one cell to another, that acts as a signal for
__‘——-h‘\,____.—_d
a biochemical event.

~-_——
— = COH
phospholipid <I\N/\/\/

Arachidonic acid
CO;H
proslaglandin H :
(PGH) synthase, 2 Oz J
HO " ]
h AN ST pnrzstaglan%: . W prostecycht (PG) 9
- = & roxi " \__/\/\ H &
O\/\/\/\c/o i rez;l:bse T" o i i
b - Ony / . OV\/\N

HO OH OH

pms.ragbna‘.-n Prostaglandi H pmstaglandin
rm"’ﬂé‘:"‘" Faa endoperoxide D roe ::’C. ” ,m ? ) endoperoxide E Prostaglandin I
(PGFy,) isomerase ? isomerase (Prostacyclin)

: g Z Y

o OH HO &4
Prostaglandin D, Prostaglandin E;
(PGE;) (PGE;) 304

Prostaglandin biosynthesis

prostaglandin H
= = coH synthase
-

cyclooxygenase
(COX-1 or COX-2)

Arachldonic acid

exiaceby sed, eglve

celec hiuc
(91\ 2
:.g()

e ) ext<elecen;)

sho il ¢ ogl 2 cell membrane
Jo e T E o AL
/P ‘_’ ‘ Tyr-385 )\ L
NS ~ L YN ? ((acetylsalicylic acld ) 52'65:0
% 5‘;.\- s Ser-385 |
o
J\ c . ' 1 e " 0 covalently modified
4"‘ D gl TR

Pa«[r- rankn_tJj
Pcvr/ ;‘-—’t\l\f"ﬁ
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P8 generete PG Rk Gayy
COX-1 is a constitutive enzyme that is expressed in virtually,)
all mammalian cells g n Pre Fechsn o GI Mg

diate inllomabion o ~ ir STy
CJ(OX -2 is an inducible enzyme that is expressed 4s aresults of .
,mr“ ¢ a biochemical response; expressed in phagocytes Ty
B (macrophages) as part of an inflammation response. &4
— T ———— - e e T

vallamm gL
NSAIDs: non-steroidal anti-inflammatory drugs

Aspirin, ibuprofren, and haproxen are non- -selective

yip—— )
inhibitors of COX o Qcc 61 eClocy— 'nSF){‘
e (CecV
@cozu /'\/d\coz CO;H @o ,(1(;
OAc H,CO A—‘iv &
La_lecur-o‘a) r_(l,_ca,,'b vo\o\ ceerib
Celebrex, woxx and brextra are selective inhibitors
of COX-2 (coxibs) o) Coardieumsentar € Ok
0\\,,0 00

o 0O
S. \S \\Sf/
/©/ i “NH,
N~

N
d
FJC% o |
e
CH

3
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g g\t ~gyregkine

Thromboxanes: named for their role in thrombosis, the formation
. - —
of a clot inside a blood vessel

OH
H o} :
K e OH OH

"y Thromboxane A, Thromboxane B,
@ a family of eicosanoid inflammatory mediators
produced in leukocytes by the oxidation of the essential fatty acids arachidonic
acid” O‘Jf—_f\ﬁ

COH M S COH

<—_/\i—/\\/\//\/ Heme, O, CC.&/H:/\D\/\/

Aracidonic acid Leukotriene A,

Leukotriene Dy
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Antibiotics derived from the acetate
metabolism

1- Antibiotics with fused ring system:
-Griseofulvin
-4-—"_(-

-Tetracyclines

-Anthracyclines
2-Macrolide antibiotics

3-Polyene antibiotics

Tetracyclines

W ‘-‘__Jf,a-br_l.‘c skrw cbvea
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Tetracyclines

20y P ia

. 2c 2c 3O
iosynthesized from 1 MalonamylCoA + 8 fnalonylCoA <— velb.l

(1NH,-CO-CH,-CO-SCoA +8 HOOC-CH,-CO- SCoA)—)C—lQ
Polykettd@m—zcychsatuon -2C-6 methylation ->OH at

)(v C-4 >dearoma tgtljtl\k/et: derivative = Cl at C-7 ><

- amination-and stepwise methylation at C-4 -
. o \.
hydroxylation C-6 ->reduction of double bond inTing B

Biosynthesized in Streptomyces spp. (S. aureofaciens, S.
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Biosynthesis

: i has
Y « A biosynthesis of tetracycline, particularly in its latter Stigaebslished
\ }’) been studied with the use of mutant cultures. It has been e
2 }a/ ® that the so-called pretetronids:

»

* are intermediates, convertible by non-mutated Strepfomyces
aureofaciens into tetracyclines. Cosynthesis, by use of blocked
mutants, has demonstratéd that 4-hydroxy-6-methylpretetranid (R, =
Me, R, = OH) is a transformable intermediate and the precursor to the
6-methyltetracyclines. The complete biosynthesis is as follows :
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Naturally occurring: Tetracycline, Chlorotetracycline, Oxytetracycline,

Demeclocycline
— _Semi-synthetic: Doxycycline, Meclocycline, Methacycline, Minocycline,
, Tigecycline,...
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Antineoplastic anthracycline derivati Ry RSEs Fecr
Produced by cultures of Streptomyces Spp-; inhibit DNA dependeat RNA synthesis

SE: nausea, bone marrow depression, hair loss, local tissue necrosis;

.),, Biosynthesis: 1 PropionylCoA + 9 MalgnylCoA > v\
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Griseofulvin: I

Produced by Penicillium spp (P. griseofulvum, ....)
\ »\> 1 AcetylS-CoA + 6 MalonylS-CoA > Polyketide ->

v )'L/[ o, Griseophenone C=>B A -—)D_ehydﬁgnseofulvm >
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Macrolide antibiotics
Wp e

“*Synthesized from acetate units " -

“*Produced by Streptomyces spp. LJ SRR
™~

“Large lactone ring (12, 14, 16 orm

e
<*Numerous CH; substituents in lactone ring

«*1-3 deoxy-sugar/sugar moieties attached to the ring
“*Erythromycin A, B as examples

—_———
“*Mainly active against Gram-positive bacteria and

Mycoplasma spp.; useful in pat. with penicilline allergy

**Protein synthesis inhibitors
*»SE: few, mainly Gl symptoms
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Ertyfhr_omycm A: 1 [PropionylCoA] + 6 [2-MethylmalonylCoA] ->Poly-
eto-acid - condensation ->Erythronolide ring (14 atoms)->glycosidation
->Erytrhromycine (Azithromycine is its semi-synthetic analog)

[ 1 CH,-CH,-CO-SCoA + 6 HOOC-CH-(CH; )-CO-SCoA ]

Aeoij Sujars.

Bond

e Polylenes#““""

of antibiotics known collectively as polyenes is
actone ring (2044 membered)
d double bonds.

)

e The group
characterized by a lar
containing a series of conjugate

” « The macrolide ring is often linked via a hydroxyl group to
N e~ *1'? " anaminosugar unit
fgyaid « The macrolide ring is probably derived from acetate and
by "’: ( propionate. acctape ma \snabe o a}-me]
’NL»_-’J" . They are often mixtures of closely related compounds.

4 '*J"( J « Streptomyces are the usual producing organisms, and to
date over 200 polyenes have been claimed

' s suz{ceptible to the polyenes

« Cutaneous, intestinal and vaginal infections of Candida
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Amphotericin B: formed of 16 acetate units ({1 Ac.etleoA +
<——_15 MalonylCoA)+ 3 MethylmalonylCoA); macrolactone ring

catl followed by glyeGsidation withD-mycosamine via OH at C-19
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