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A study aimed at establishing stereochemical aspects of isobutyrate 
metabolism in the monensin-A producing strain Streptomyces cinnamonensis 
^3827«5 was carried out. l3,3-13C2l, (2S)[3-13cJ, (2S)[3,3,3-2h 3)
and (2R)[3,3,3-2h 3] sodium isobutyrates were prepared. The chiral 
isobutyrates were synthesised using the enantioselective epoxidation of 
Sharpless and their incorporation into monensin-A was studied using 

and ^H-n.m.r. spectroscopy. The pro-S methyl carbon of 
isobutyrate is incorporated only into C-16 of monensin-A.

Tylactone, produced by a mutant of Streptomyces fradiae A252»5 (the 
parent strain produces tylosin), was used to study the origin of the 
aglycone oxygen atoms of tylosin. On incorporation of sodium [l-13c,18o2] 
acetate, propionate and butyrate into tylactone, an analysis of the 
resultant 13c-n.m.r. spectrum in each case revealed that each of the oxygen 
atoms arose from the carboxylate group of one of these precursors. Sodium 
Il“^^C,lS02] butyrate also labelled the propionate carboxylate derived atoms 
with From this study a mechanism for macrocycllc ring closure was
proposed.

The synthesis of a fully functionalised open chain methyl ester 
derivative of tylactone was studied by synthetic modification from 
tylactone. Tylactone was protected as its isopropylidene derivative and 
then reduced with sodium borohydride. Hydrolysis and treatment with 
diazomethane followed by oxidation with manganese dioxide gave an 
Isopropylidene methyl ester. Deprotection with dimethylboron bromide gave 
a product which is consistent with the desired structure. However, a 
rigorous characterisation of this compound has not been accomplished.

A study aimed at the synthesis of two key compounds, required for the 
preparation of a range of possible coenzyme-A derivatives in tylactone 
biosynthesis, was carried out.
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CHAPTER 1

INTRODUCTION

Many of the commercially Important antibiotics are secondary 
metabolites of the bacterial genus Streptomyces. Each year new 
£^eptomyces antibiotics are being Isolated, either by screening methods, 
or by new techniques in genetic manipulation.^

This thesis discusses biosynthetic studies on two commercially 
important Streptomyces produced antibiotics, monensln-A (1) and tylosin 
(2), which are representative examples of the polyether^ and macrollde^ 
classes of antibiotics respectively.

OH

0

Tylosin (2)

mycinose mycaminose mycarose
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Although distinct both structurally and in their mode of action, the 
polyether and macrollde antibiotics have a fundamental similarity in that 
their structures are derived from long, polyoxygénated, branched chain, 
carboxylic acids.

Structural and stereochemical similarities within each class have 
been observed. Celmer^ has described a configurational model for the 
macrolide antibiotics, which has shown remarkable homology throughout the 
entire class (Figure 1 shown overleaf).

The model is a linear representation of a 14-membered macrolide, 
such as erythromycin-A (3), describing the stereochemistry of the 
functionality at each centre as defined by the Fisher convention.

By omission or insertion of two carbon centres, however, the model 
can adapt to both 12- and 16-membered macrolides, such as methymycin (4) 
and tylosin (2).

OH

0 HO'

“''0'
H

OH

0

^OH
OH

N(CH3)2
: O H

Methymycin (4)
C H bO-’^ C H b

Erythromycin -A (3)

OH

Celmers^ model can be extended to describe the configuration at the 
anoraeric centres of the attached sugar moieties. Those sugars attached to 
0-3 of the model will always have an a-L configuration, and those attached 
to 0-5, a 3 - D  configuration.

A structural homology has been observed within the polyether class 
also.5 Certain groups of polyether display common structural and 
stereochemical features. Rings A and B, for example, in monensln-A (1),
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Figure 1.1 The configurational model of CeImer,^ and the known 
configurations of aethymycln, erythromycins -A and -B, and

tylosln.
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Figure 1.2 Representative APPA polyether antibiotics.
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dlanemycin (5) and lenoremycln (6) are Identical In both their 
functionality and stereochemistry (Figure 1.2).

This ring system is constructed from subunits derived sequentially 
from acetate, propionate, propionate and acetate, or APPA. There are a 
large number of structurally related polyethers also possessing this APPA 
starter unit sequence.

Members of the APPA group have a further similarity in that the 
stereochemistry of the common oxygen and alkyl substituents are the same at 
any given position along the carbon backbone from ring A to ring E.

Cumulative evidence^ suggests that both the polyether and macrolide 
classes of antibiotics are constructed by the condensation of building 
blocks derived from low molecular weight carboxylic acids including 
acetic , propionic and butyric . The condensation processes operating are 
apparently common to both classes, and are thought to be analogous to those 
processes operating in classical fatty acid biosynthesis.

As an introduction to their biosynthesis, it is therefore useful to 
consider fatty acid biosynthesis as a model for the processes operating in 
polyether and macrolide construction.

Fatty Acid Bioysnthesis^

Fatty acids are found universally as primary metabolites in both 
mammals and bacteria, and their biosynthesis has been studied in detail 
from several different sources. In each case the entire synthesis takes 
place on a multienzyme complex, with no enzyme free intermediates released 
at any stage.

It is generally accepted that fatty acids are biosynthesised from 
acetate units. Chain extension can be considered as a cyclic process, 
where each cycle involves the addition of one two-carbon unit to the chain.
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Thls sequence of enzymic reactions completes the first cycle in fatty 
acid biosynthesis. The next cycle is initiated by the transfer of the 
butyryl moiety to the cysteine residue on the B-ketoacyl synthetase, 
leaving the AGP available to accept another malonyl unit.

Saturated fatty acids such as palmitic (Cje) and stearic (Cig) *re 
blosyntheslsed by 7 or 8 cycles, respectively, followed by either 
transesterification to afford their coenzyme'~A species, or release as the 
free acid by the action of a specific thioesterase.

The introduction of double bonds to form unsaturated fatty acids 
occurs by a variety of mechanisms, depending on the system being studied.

I® higher plants and animals, the double bonds are introduced at a 
later stage by the action of desaturases, usually giving rise to els double 
bonds. Oleyl-CoA (7) is produced from stearoyl-CoA in animals by a 
desaturase^ (Figure 1.9).

0
SCoA

Stear yl -CoA
li. I

desaturase

0
'SCoA

Oleyl -CoA(7)

Figure 1.9. The action of a desaturase gives oleyl»CoA(7).

Vaccenic acid (8) is a principal unsaturated fatty acid in E.coli. 
Unsaturation is introduced during the chain elongation process. The 
condensation of the fifth malonyl-ACP gives rise to 6 -hydroxydecanoyl-ACP, 
which is then dehydrated by the enzyme 3*hy^i^oxydecanoyl thloester 
dehyratase, to give an a , B -unaaturated intermediate, which undergoes an
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Fatty acid synthetase from the harderian gland of the guinea pig^^ 
shows no discrimination between acetyl-CoA and propionyl-CoA as a starter 
unit, and displays little selectivity for malonyl-CoA over methylmalonyl- 
CoA on chain extension*

Polyketides

Investigators became aware that a large number of structurally 
diverse natural products could be derived from malonyl coenzyme-A by an 
elaboration of the fatty acid synthetase model.

Birch and Donovan,^^ in 1953, proposed that the aromatic metabolite 
orsenillic acid (11), found in lichens, could arise from the condensation 
of one acetyl coenzyme-A and three malonyl coenzyme-A units, to give a 
polyketide assembly.

The polyketide could then undergo a series of enzymically directed 
transformations giving rise to orsenillic acid (11). A similar 
biosynthetic construction for the related metabolite 6-methylsalicylic acid 
(12) can be envisaged (Figure 1.12).

 ̂ ■ C o “
0

0
CH;

SEnz

6-Methvlsallcvllc acid (1 2) Orsenillic acid (11^

Figure 1.12. Polyketide assembly to give (11) and (12).
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The activation of acetate as malonyl-CoA, before incorporation into 
fatty acidsy is believed to be analogous to the processes by which acetate^ 
propionate and butyrate are activated before incorporation into the 
polyether and macrolide antibiotics.

Thus proplonyl-CoA and butyryl-CoA could be carboxylated by specific 
acyl-CoA carboxylases to afford methyl- and ethyl-malonyl-CoA , 
respectively (Figure 1.13).

¥
acetyl-CoA
carboxylase • SCoA

-OH

acetyl-CoA malonyl-CoA

0
SCoA

propionyl-CoA

propionyl-CoA
carboxylase

0

methylmalonyl-CoA

HjC-

0
‘SCoA butyryl-CoA

carboxylase

butyryl-CoA ethylmalonyl-CoA

Figure 1.13. Specific carboxylases are thought to act 
in macrolide and polyether biosynthesis.

Although proplonyl-CoA carboxylase has been isolated from bacterial^^ 
and mammalian^® sources, no evidence to date has shown the presence of a 
specific butyryl-CoA carboxylase.
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CHAPTER 2

THE MACROLIDE ANTIBIOTICS

The majority of the macrolide antibiotics have been isolated from 
soil actinomycètes of the genus Streptomyces. They are one of a group of 
antibiotics which act by inhibiting protein biosynthesis at the ribosome, 
and as a class display excellent antibacterial activity, particularly 
against Gram +ve bacteria.

Their selective toxicity may depend on either a much greater 
permeability of the macrolides across bacterial cell membranes, or the fact 
that bacterial ribosomes differ structurally from eukaryotic ribosomes.

The ribosomes of the bacteria Escherichia coll are constructed from 
657. ribonucleic acid (RNA) and 35% protein. Each ribosome is made from two 
subunits, designated 50S and 30S by virtue of their sedimentation 
constants. The 50S subunit is twice the size of the 30S subunit, and 
contains about 34 individual proteins. The specific action of these 
proteins is not clear, but it is on one or more of these which provides the 
binding site for the macrolide antibiotics.

Structurally the macrolide antibiotics can be classified into 12, 14 
or 16-raerabered macrolides according to the size of their macrocyclic 
lactones. They are polyfunctional molecules, and the majority contain at 
least one amino sugar moiety.

Their biosynthetic construction has been studled21»24 number of 
representative examples, and their construction from units derived from 
acetate, propionate and butyrate appears to be universal throughout the 
series. In the case of leucomycin-A (17) it has been shown^O that a 
subunit can be derived from an alternative source (vide infra).
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14-Merobered Hacrolldes

The erythromycins produced by Streptomyces erythreus are the most 
widely studied of all the macrolide antibiotics. Erythromycin-A (3) is 
used clinically to treat Gram +ve bacterial infections. It has a similar 
antibacterial spectrum to the penicillins and is therefore a useful 
alternative for patients who are allergic to penicillins.

Figure 2.2. Structures of the Erythromycins.

Much work has gone into the study of erythromycin biosynthesis. 
Early feeding experiments using l^C-labelled precursors have shown that 
erythromycin-A (3) is biosynthesised from three primary metabolites. 
Propionate^^ and 2-methylmalonate^^ are the primary precursors of the
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•glycone, whereas glucose^^ Is the biosynthetic precursor of both sugar 
moieties.

The evidence to date suggests that the erythronolide aglycone is 
biosynthesised from a propionyl-CoA starter unit and six methylmalonyl-CoA 
condensing units. S-Adenosylmethionlne is the source of the 3^-methyl 
group of cladinose and both the dlmethylamine groups in desosamine^ however 
the biochemical source of the nitrogen atom is unclear.

The later stages in erythromycin biosynthesis have been established 
largely by the accumulation of biosynthetic precursors in the fermentations 
of point mutants of Streptomyces erythreus.^^

Point mutants are generated by the irradiation of, or introduction 
of chemical mutagens to, the antibiotic producing bacterial strain. In 
certain cases this treatment will give rise to daughter strains which 
accumulate a precursor to the antibiotic as this strain has lost the 
enzymic capacity to complete the next step in the biosynthetic pathway.

The study of a series of point mutants blocked at various stages in 
erythromycin-A biosynthesis has provided valuable information regarding the 
sequence of events during erythromycin-A construction. This sequence is 
outlined in Figure 2.3 overleaf.

Deoxyerythronolide-B (15) is the earliest Intermediate Isolated to 
date from a point mutant of Streptomyces erythreus. This may indicate that 
the lactone is biosynthesised on a synthetase with no enzyme free 
intermediates released before lactone formation.

Cane and co-workers^® have studied the origin of the aglycone oxygen 
atoms of erythromyclns-A and -B. Introduction of doubly labelled 
^®0i Iproplonate to cultures of Streptomyces erythreus furnished 
erythromyclns-A and -B, which were derlvatlsed as their 2"-benzoate esters 
(Figure 2.4).
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0

'OH

6-Deoxyerythronollde-B (15)

By taking advantage of the oxygen-18 induced shifts in the resultant 
spectrum (see Chapter 5, page 95), they were able to show that 

carbons C-1, C-3, C-5, C-9, C-13, and C-11, which are derived from C(l) of 
propionate, were directly attached to an oxygen-18 atom (Figure 2.A).

JN a

H Erythromycin-B 2"-benzoate derivative

Figure 2.4. Sites labelled by oxygen-18 on Incorporation of 
sodium [l-^3c^ 18q  ̂ ]proplonate Into erythromyclns-A and -B.
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The same authors have since reported the purification of malonyl-CoA 
decarboxylase from Streptomyces erythreus.30 Malonyl-CoA decarboxylase, 
although specific for malonyl-CoA, also decarboxylated (2R)-methyl- 
malonyl-CoA at 37. of the substrate rate. The stereochemistry of -this 
decarboxylase Is, however, different to that of decarboxylases Isolated 
from mammalian sources^^ (Figure 2.8).

0

0

malonyl-CoA

decarboxylase
*co.

HjC
/ ^ S C o A

malonyl-CoA acetyl-CoA

3% rate

malonyl-CoA 
decarboxylase

- ^ S C o A  --------^
HOjCn^ H
H3C

0
(2R)-methylmalonyl-CoA

0 A
0

propionyl-CoA

F^igure 2.8. Actions of malonyl-CoA decarboxylase from S. erythreus.

The authors suggest that this enzyme may play a role In generating 
proplonyl-CoA from (2R)-methylmalonyl-CoA, as the starter unit In 
erythromycin biosynthesis.

The fourth enzyme to be purified from Streptomyces erythreus32 1»
C-6 erythronollde hydroxylase which converts 6-deoxyerythronollde-B (15) to 
erythronollde (16) (Figure 2.9 shown overleaf).

Introduction of the hydroxyl at C-6 occurs with retention of 
configuration. The C-6 erythronollde hydroxylase Is known to be a 
cytochrome-P^5Q ®onooxygenase.
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^OH

‘'•OH
C-6 erythronolide 

hydroxylase
'OH

‘'OH
6-Deoxyerythronolide-B(15)

f

QH

''OH

' Y' ''OH

Erythronolide-B(16)

Figure 2.9. Action of C-6 erythronolide hydroxylase.

16-Membered Macrolldes

The clinically Important members of this group are leucomycln-A3 
(17), magnaraycln-A (18) and tylosln (2).

>

OH

CH,0.

CHO isovaleryl
mycarose

/mycaminose

‘CHa

Leucomycin-A^C17)

O'

0
''18CH0

Ji7

C H i -

isovaleryl
mycarose
mycaminose

‘CH:

Magnamycin-A(18)

Both magnaraycln-A and leucomycln-A3 have a very similar aglycone 
moiety, the biosynthesis of which has been studied In some detail.

Studies Involving ^^C-labelled precursors have shown the 
incorporation of seven acetate units and one propionate unit Into the 
aglycone of magnamycln-A. The origin of carbons 5, 6, 17 and 18 has not 
been deduced for magnamycln-A (18).
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Tylosln

Tylosln (2) is a 16-mambered macrolida antibiotic produced by 
strains of Streptoisyces fradlae.37 streptonvces rliposu.38 ,nd 
Streptonyces hyBroscoplcgs.39 it shows excellent ectlvlty agelnst Greis +ve 
bacteria and la used conmerclelly for the preservetlon of food and as an 
animal feed supplement*

Tylosln (2) was first reported^^ In 1961 from cultures of 
S_^reptomycy_ fradlae. Its structure was elucidated almost completely by 
chemical degradatlon.-^O Correlation^^ of shifts In the 13c-n.m.r. spectrum 
of tylosln with those In the spectrum of the structurally related
antibiotic clrramycln-A, was used to determine that the dlsaccharlde was 
attached at C-5 and not C-3.

HO

(mycarose)
Tylosln (2)

Structurally tylosln (2) Is composed of a 16-membered macrocycllc 
aglycone, with three sugar moieties, myclnose, mycamlnose and mycarose.

Structure activity

Structure activity studles^^ have revealed that the presence of the 
mycamlnose sugar Is essential to antibacterial activity.

An activity study carried out on demycamosyltylosln (19) showed a 
similar activity to tylosln (2), Indicating that the mycarose sugar Is not 
essential for antibacterial activity.
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Another derivative of tylosin, S-O-mycaminoeyltylonolide (20) showed 
increased activity against Gram -ve bacteria such as E.coli.

The reduction^2 both carbonyl groups at C-9 and C-20 of tylosin 
(2) led to total loss of activity, whereas the selective oxidation at C-9 
gave relomycin (21) which had a reduced antibacterial activity, implying 
that the presence of both carbonyl groups is Important for full activity.

OH
»1 = »2 » 0

(loss of activity)

Relomycin (2 1 ) 
(reduced activity)

Relomycln (21) and the structurally related antibiotic oacrocln (22) 
•te coproduced with tyloaln (2) In Strepto.ycea fradlae fern.entatlons>3
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T O « ,  «»pound, occur during th. t.rnlnnl ,t.g„ of tylo.In blo.ynthe.l.

in Fur;. ««' ^  m u . t r . « d

0

Tylosln C 2 )

f 0

Iigure_2;12j-- Proposed biosynthetic pathway --macrocln (22)
and relomycln (21),
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0-Methylation at 3'**-0 of macrocln by nacrocla 0-methyl-
transferase^S be the final step in tylosln blosynthesla. The
for-yl group ut C-20 of tylo.ln 1. then reduced, giving rl.e to relonycln 
Ui; as a fermentation coproduct.

BIOSYNTHETIC STUDIES USING BLOCKED MUTANTS

 ̂  ̂ The Isoletlon of metebolltes from blocked mutenta of Streptomvces
l E ^ e  played an Important role In determining the l.te7»t.gea in
tylosln bloayntheala.« Similar Inv.atlgatlons have been carried out with 
the erythromyclns.27

A mutant strain which Is blocked In tylosln production may accumulate
a biosynthetic Intermediate of tylosln. This accumulation Is due to the
Inability of the mutant strain to synthesise the required enryme for the
next step In the pathway. Such a mutant may still retain the enzymic
activity requited for the subsequent transformations to tylosln after the 
point block.

The lsolatlon*7a characterisation of tylactone (23) from a mutant 
strain of Streptomyces ftadlae. represents the earliest isolated 
intermediate on the biosynthetic pathway to tylosin.

Tylactone (23)

Tylactone (23) contains methyl groups at C-20 and C-23 and lacks all 
the sugar residues of tylosin (2).
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F^lgure 2,13. C-Axls projection of ty lac tone X-ray48

The biotransformation of tylactone to tylosin in parent strains of 
^ yptomyces fradiae has been reported,H.12,20 indicating that tylactone 
is a preraetabolite of tylosin (2).

Biotransformations of a series of intermediates in tylosin 
biosynthesis have been used successfully by Oraura and co-workers^9 to 
establish the sequence of steps on the modification of tylactone to 
tylosin. The addition of cerulenln, an inhibitor of polyketlde and 
macrollde biosynthesis, to the parent cultures of Streptomyces fradiae was 
a necessary prerequisite to avoid the de-novo synthesis of'^losln.

Baits and co-workers,50 on the other hand, have studied the latter 
sUges of tylosin biosynthesis using a mutant of Streptomyces fradiae


































































































































































































































































































































































































