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UNIVERSITY OF SOUTHAMPTON
ABSTRACT

FACULTY OF SCIENCE
PHYSIOLOGY AND BIOCHEMISTRY

Doctor of Philosophy
STUDIES ON THE BIOSYNTHESIS OF NEOMYCINS

By Cedric John Pearce

This Thesis is concerned with aminoglycoside antibiotics. Novel anti-
biotics have been produced using idiotrophs of antibiotic-producing
organisms and the biosynthesis of the neomycins has been studied using
both wild-type and idiotrophs of antibiotics-producing organisms.

By incubating 2-deoxystreptamine-idiotrophs of Streptomyces
with the 2-deoxystreptamine analogues 2,4-dideoxystreptamine and

2,4,5-trideoxystreptamine active aminoglycoside antibiotics, lacking
the free hydroxyl groups on the aminocyclitol moiety, have been syn-
thesized. It was demonstrated that the compounds produced have anti-
bacterial spectra similar to the parent antibiotics but are less
potent.

4-0-8 -ribosyl-2,6-dideoxystreptamine was also converted into
antibiotic by 2-deoxystreptamine idiotrophs of Streptomyces. The
antibiotic synthesized by the Z-déoxystreptamine—idiotroph of a
neomycin-producing organism was shown to be identical to deoxyneomy-
cin. It was concluded that 4-0-8 -ribosyl-2,6-dideoxystreptamine was

converted into antibiotic following hydrolysis to produce 2,4-dideo-

xystreptamine.

When a 2-deoxystreptamine-idiotroph of the paromomycin-pro-
ducing organism was incubated with neamine, neomycin was produced.
Results from experiments involving the conversion of (SH:14C) neamine
into neomycin showed that neamine was converted into antibiotic
intact and without prior hydrolysis.

From this latter observation a pathway for neomycin biosynthe-

sis, involving the intermediacy'bf'neamine is proposed.



—iii-

Acknowledgements

I should like to express my gratitude to Dr. J.E.G. Barnett
and Dr. S.D. Gero for initiating, and for their enthusiastic
interest in, this research project. I am also indebted to
Professor M. Akhtar and Dr. C. Anthony for invaluable guidance
throughout this project. I thank Dr. D.L. Corina for providing
massg spectrometry data.

I also thank Professor K.A. Munday for the use of the
facilities of his department and Labaz (Brussels) and the Science

Regearch Council for financial support.



To Sue



CONTENTS

Page No.
Chapter 1

The metabolism of aminoglycoside-antibiotics by bacteria

1.1 Introduction 1
1.2 The biosynthesis of neomycin 6
1.3 Precursors of the carbon skeleton of neomycin 6
1.4 The biosynthesis of 2-deoxystrepltamine 9
1.5 The biogynthegis of the diamino-hexose
moieties of neomycin 15
1.6 The biosynthesis of the D-ribose moiety 17
1.7 The subunit agsembly of neomycin ' 19
1.8 The role of alkaline phosphatase in
aminoglycoside biosynthesis 23
1.9 The biosynthesis of gentamicing and sisomicin 25
1.10 Modification of aminoglycoside-antibiotice by
antibiotic-resistant organisms 33
1.11 Aminocyclitol idiotrophs of antibiotic-producing
organisms 37
1.12 Aimg of this work 473
Chapter 2
Materials and methods
2.1 Chemicals 44
Organisms; source and properties 44
Growth of Streptomyces 45
2.4 Biosynthesis of antibiotics 46
Screening of compounds for their ability to
support the production of antibiotics 47
2.6 Antibiotic extraction 47
2.7 Purification of antibiotics using paper
chromatography 48
2.8 Purification of antibiotics using gel
filtration chromatography 48
2.9 Antibiotic detection using staining technique 50
2.10 Antibiotic detection using a bioautogram 50

2.11 Determination of antibiotic potency 50



2.12 Antibiotic assays

2.13 Ribose assay

2.14 Methanolysis of antibiotics

2.15 Preparation of methanolic hydrogen chloride
2.16 Preparation of radioactive neamines

2.17 Radioactivity measurements

2.18 Electrophoresis

2.179 N-acetylation

2.20 Hydrolysis of N-azcetyl neaminesgs

Chapter 3

The biosgsynthesis of novel antibiotics

3.1 Introduction

3.2 The conversion of aminocyclitols into antibiotics
by deoxystreptamine-idiotrophs of
antibiotic-synthesizing streptomyces

3.3 The biosynthesis of deoxyneomycin
a) Biosynthesis and isolation of deoxyneomycin
b) Estimation of purity of deoxyneomycin
¢) Methanolysis of deoxyneomycin

d) Electrophoresis of product B from the
methanolysis of neomycin and deoxyneomycin

e) Mass spectrometry of product A from the
methanolysis of neomycin and deoxyneomycin

f) The hydrolysis of deoxyneamine
g) Antibacterial potency of deoxyneomycin
3.4 The bilogsynthesis of deoxyparomomycin

a) Biosynthesis and igolation of
deoxyparomomycin

b) Methanolysis of deoxyparomomycin

c¢) Electrophoresis of product B from
the methanolysis of paromomycin
and deoxyparomomycin

d) The hydrolysis of deoxyparomamine
e) Antibacterial potency of deoxyparomomycin
3.5 The biosynthesis of dideoxyneamine

a) Biosynthesis and igolation
of dideoxyneamine

b) Antibacterial potency of dideoxyneamine

Page No.
51
52
52
53
53
54
54
55
55

57

57
60
60
62
62

62

66
66
69
69

69
72

72
72
72
77

T
7



Page No.

Chapter 4

The conversion of 2,6-dideoxystreptamine
ribosides into antibiotics

4.1 Introduction 80

4.2 Antiblotic production in the presence of
2,o-dideoxystreptamine ribosides 80

4.3 Antibiotic blogynthesis by a
2-deoxystreptamine-idiotroph of
S. fradiae during growth with

4-0-B -ribosyl-2,6-dideoxystreptamine 82

4.4 Chromatographic properties of the antiblotic 82

4.5 Electrophoretic properties of the antibiotic 82

4.6 Ribose content of the antibiotic ' 86

4.7 Methanolysgis of the antibiotic 86

4.8 Antibacterial potency of the antibiotic 86
Chapter 5

The conversion of neamine into neomycin by
a Streptomyces species

5.1 Introduction 89
5.2 The biogynthesis of antibiotic from neamine 89
a) Biosynthesis of antibiotic during
growth on golid medium 89
b) Biosynthesis of antibiotic during
growth in liquid medium 89
5.3 Isolation of antibiotic and its separation
into two active components 93
5.4 Methanolysis of the antibiotic 93
5.5 The convergion of radiocactive neamine
into neomycins : 97
5.6 The digtribution of radiocactivity in neomycin
bicsynthesized from radicactive neamine 97
Chapter 6
Disgcussion

6.7 The role of aminocyclitol moiety of neomycins
in determining biological activity 103

6.2 Neomycin analogues containing
2,4-dideoxystreptamine 103



Page No.

6.3 The conversion of 2,4,5-trideoxystreptamine

into an antibiotic 104
6.4 The failure of S. kanamyceticugs to convert

2,4-d1deoxystreptamine into antibiotic 106
6.5 The failure of 2-deoxystreptamine analogues

to support antibiotic production 106
6.6 The effect of myo-inosose-2 on neomycin 106
6.7 The conversion of 4-0-f -ribosyl-2,6-

dideoxystreptamine into an antibiotic 107
6.8 The conversion of neamine into neomycin 109
6.9 The convergion of radioactive neamine

into neomycin 109
6.10 The role of neamine in neomycin biosynthesis 110
6.11 The biosynthesis of neomycin from neamine 113
6.12 Biosynthesis of the glycosidic bonds

of neomycins 113

Appendix

The effect of myo-inogoge-2 on neomycin-producing
S. fradiae cultures

A.1 Introduction 115

A.2 The reduction of neomycin activity in
3. fradiae cultures by myo-inosose-2 115

References 120



Chapter 1.

The metabolism of aminoglycogide-antibiotics by bacteria

1.1 Introduction

The aminoglycoside-antibiotics are a class of/compounds each
of which is comprised of an aminocyclitol to which is linked sugar
derivatives. The majority of the naturally occurring amino-
glycosides contain the aminocyclitol 2-deoxystreptamine (Fig. 1.1)

to which sugars are joined by glycosidic linkages.

Figure 1.1 The structure of 2-deoxystreptamine

The 2-deoxystreptamine-containing antibiotics can be classgi-
fied according to which hydroxyl groups are substituted. One group
of compounds contain 2-deoxystreptamine with sugar regidues linked
to the 4-hydroxyl group. Bxamples of sguch compounds are neamine and
apramycin (Figs. 1.2 & 1.3). 1In a second group the 2-deoxystreptamine
is disubstituted at positions 4 and 5; examples of guch compounds
are neomycin, paromomycin, ribostamycin and butirosin (Figs. 1.4,
1.5, 1.6 & 1.7). 1In a third group the 2-deoxystreptamine is again
disubstituted, but in this case positions 4 and 6 are involved in
the glycosidic linkageg. Members of this group include gentamicin,
kanamycin and sisomicin (Pigs. 1.8, 1.9 & 1.10).

For the gake of clarity the various subunits of the antibiotics
have been assigned Roman numerals; thus 2-deoxystreptamine is always
referred to as ring II, the 4-substituent is ring I whilst the 5~or

6=substituent is referred to as ring ITI, and if another sugar is



Figure 1.2 The gstructure of neamine

HO NH

Figure 1.3 The structure of apramycin
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Figure 1.4 The structure of neomycin
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Figure 1.5 The gtructure of paromomycin

R R’
paromomycin I H CHZN HZ
paromomycin TIT CHZNHZ H



/-

Figure 1.6 The gtructure of ribostamycin
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Figure 1.7 The gtructure of butirosin B
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FPigure 1.8 The structure of gentamicin C
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Figure 1.9 The structure of kanamycin B
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Figure 1.10 The structure of sisomicin
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attached to ring III, as in the case of neomycin, this is referred
to as ring IV.

Other aminoglycogide-antibiotics are the streptidine-
containing streptomycin (Fig. 1.11) and the actinamine-containing
spectinomycin (Fig. 1.12).

The vast majority of the aminoglycoside-antibiotics are pro-

duced by Actinomycetes. Butirosin ig the only known example which

is not; this ig synthesized by Bacillus circulans.

This chapter is.concerned with the blosynthesis of the amino-
cyclitol antibiotics by bacteria, with emphasis being placed on the

biosynthegis of neomycin by Streptomyces fradiae.

1.2 The biosynthesgis of neomycin

Neomycin B (Fig. 1.4) is a pseudotetrasaccharide containing
two amino sugars, 2,6-diamino-2,6-dideoxy-D-glucose*, (ring I),
and 2,b~diaminc-2,6-dideoxy-L-idose*, (ring IV); an aminocyclitol
?2-deoxystreptamine (ring IT); and a five-carbon sugar, D-ribose
(ring III). The following studies on the biosynthesis of neomycin
(Sebek, 1955; Foght, 1963; Schimbor, 1966; Falkner, 1969) involved
incubation of the antibiotic-producing organism 3. fradiae with
14C—labelled compounds followed by isolation and degradation of the
gsynthesized neomycin in order to determine where, if at all, the

label appeared in the molecule.

1.3 Precursors of the carbon skeleton of neomycin

The first clue as to the origin of the carbon skeleton was
provided by the work of Sebek (1955) who reported that 19% of the
radicactivity associated with D—[14C]glucose added to one-day old
S fradiae cultures was incorporated into neomycin. Although there
has been no further report of such high incorporation of D-glucose
into neomycin, other workers have shown that D-glucose can provide
the complete carbon skeleton.

It was demonstrated by Foght (1963) and by Schimbor (1966)
that [1-1%

neomycin and that each subunit was labelled approximately equally.

C]glucose and [6—14C]glucose were idncorporated into

*¥2,6-diamino-2,6-dideoxy~D-glucose is referred to as neosamine C,
and 2,b-diamino-2,6-dideoxy-~L-idose is referred to as neosamine B,
throughout this thesis.



Figuré 1.11 The structure of streptomycin

HQ HQ
0
HOH,C 0 Hr\ll on
HO | NH

OHC

Figure 1.12 The structure of spectinomycin

HO
NHCH,

CH3HN



_.8_.

4

.
Foght (1963) also showed that D-[1- "¢l glucosamine was incorporated

into neomycin to a greater extent than was D-glucose (14.4% compared

14

with 1.4 to 3.6% for glucose). 45% of the total ¢ incorporated

into neomycin B from D~[1—14C]g1ucosamine was found in the neogsamine B
(ring IV) moiety. D-ribose (ring III) contained 1.6% of the incor-
porated label and the other two subunits (I and II) each contained
approximately 25%. D-ribose was also a good precursor for neomycin
biosynthesis and was equally incorporated into ribose, which con-
tained 32% of the total 14C in neomycin, and 2-deoxystreptamine,

14

which contained 30% of the total C, while neosamine B (ring IV)
contained 15% and nesosamine C (ring I) contained 25% of the total.
When 2-[1- 14

(52% incorporation), as expected the majority of

C]deoxystreptamine was incorporated into neomycin
140 wag in the

2-deoxystreptamine moiety of this molecule.

1.4 The biogynthesisg of 2-deoxygtreptamine

As mentioned above D-glucoge is a precursor for the
2-deoxystreptamine moiety of neomycin as gsynthesized by S. fradiae
(Foght, 1963; Schimbor, 1966). 2-deoxystreptamine contained 29% of
radiocactivity from the D—[U—14C]gluoose incorporated into neomycin.
The demonstration that D-glucosamine (Foght, 1963) and D-ribose
(Schimbor, 1966) are incorporated into 2-deoxystreptamine to a
greater extent than is D-glucose may be because these former com-
pounds are intermediates in the conversion of D-glucose to
2-deoxystreptamine and as such are more efficiently used. Alter-
natively the greater incorporation of D-riboge and D-glucosamine
into neomycin may be explained by a more efficient uptake of these
compounds by S. fradiae.

Degradation of neomycin biosynthesized from radicactive pre-
cursors showed that D—[1—14C]glucose and D—[6—14C]gluoose both
labelled 2-deoxystreptamine in the half of the molecule consisting
of carbons 1 to 3 (Foght, 1963). This is in agreement with the
hypothesis that D-glucosge or a derivative of D-glucose cyclises and
that a new bond is formed between carbons 1 and 6. Conclusive evi-
dence for thig was provided by experiments which demonstrated that
D-[1—130]glucosamine and D—[6-1BC]gluoose label the adjacent carbon

atoms 1 and 2 respectively of 2-deoxystreptamine (Rinehart et al.,

1974a).



These observations preclude a pathway in which D-glucose is
first converted into D-glucosamine and then cyclised to produce an
aminocyclitol (Rinehart, 1964; Fig. 1.13). If thig pathway operated
D~[1—130]giucosamine would label pbsition 2 of 2-deoxystreptamine

and D—[6—130}gluoose would label position 1 of 2-deoxystreptamine.

FPigure 1.13 2-deoxystreptamine biogynthegis involving functionalized

D-glucogse and predicted labelling from C-1(o) and C-6(*)

of D-glucose

. SCH,OH
HO

3 D-glucose

HO™~—~ 5 OH

2-deoxystreptamine

If D-glucose ig cyclised prior to amination then D-glucosamine
must be deaminated prior to conversion into 2-deoxystreptamine and
it has been shown that this does indeed occur (Rinehart et al.,
1974b; Rolls et al., 1975)3D—[15N]g1ucosamine added to S. fradiae
cultures only labelled rings I and IV of the biosynthesized neomycin
and was not incorporated into 2-deoxystreptamine. It is therefore
possible that radioactive D-glucosamine is converted to D-glucose
prior to incorporation into 2-deoxystreptamine.

The exact nature of the cyclitol produced from D-glucoge is
not known. It has been showa that during the biosynthesis by

S. fradiae of the girepltidine.moiety of strepfomycin from glucose,
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Pig. 1.14 The biogvnthesig. . of 2-deoxygtreptamine from

D-glucose showing the predicted labelling from

radiocactive D-glucose
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myo-inositol is probably an intermediate (Heding, 1964; Majumdar &
Kutzner, 1962) (fig. 1.17). However, Falkner (1969) failed to
14

demonstrate the incorporation of myo- 2- 'C inositol into neomycin,
thus suggesting that fthis compound is posgsibly not an intermediate

of 2-deoxystreptamine biosynthesis. Other reasonable explanations
for added myo-inositol not being incorporated into 2-deoxystreptamine
are that it does not enter the organism; alternatively the metabolism
of myo-inosgitol may involve enzyme-bound intermediates.

A biosynthetic scheme which explains the data has been proposed
by Rinehart & Stroshane (1976) (Fig. 1.14). This reaction sequence
involves the cyclisation of glucose or a derivative to an inositol-
or inosose-type of intermediate, which is then aminated.

Alternatively 1-phosphate-myo-inosose-2 (Fig. 1.15), which
has been suggested to be an intermediate in the conversion of
D-glucose b-phosphate info myo-inositol 1-phosphate (Loewus & Kelly,
1962), might be aminated (Fig. 1.16), this producing an intermediate

similar to the moncaminated compound in Fig. 1.14 but possessing a

2-0-phosphate group.

Figure 1.15 Mechanism of inogitol cyclase

GH,0 P03 0 =
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HO HY CHO

D-glucose 6-phosphate
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g
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myo-inositol 1-phosphate
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Figure 1.17 Key intermediates involved in the conversion of

D-glucose into gtreptidine
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Ficure 1.16 The possible role of an inogoge derivgtive in

2-deoxyvstreptamine biosynthesis
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N
o
HO
2-deoxystreptamine

In both of the pathways described in Figs. 1.74 and 1.16
amination at carbon-3 occurs prior to amination at carbon-1, which
is favoured by analogy with streptidine biosynthesis (PFig. 1.17).
An alternative pathway involves amination of carbon-1 prior to

amination of carbon-3 (Fig. 1.18).

Figure 1.18 Alternative route for amination of 2~deoxystreptimine

CH-, OH OH
HO , o HO NH,
HO HO

D-glucose l

X= Hor OH
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Figure 1.19 The convergion of D-glucose into D-glucosamine
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In summary there is evidence that D-glucose ig a precursor of
2-deoxystreptamine and is cyclised prior to functionalization. It
is not known what the product of cyclisation is and there is no-

evidence to suggest which of the two amino-groups is added first.

1.5 The biosynthesis of the diamino-hexoge moieties of neomycin

D-glucoge has been shown to be a precursor of both neosamine C
(ring I) and neosamine B (ring IV of neomycin B) (Foght, 1963;
Schimbor, 1966). Carbons 1 and 6 of D-glucose were shown to label
carbons 1 and 6 regpectively of neosamine C and neosamine B
demonstrating that the glucose skeleton 1s incorporated intact
(Falkner, 1969).

The incorporation of D-glucosamine into these subunits was
greater than the incorporation of D-glucose (Foght, 1963).
D-glucosamine is more efficiently incorporated because either it is
more readily taken up by the organism or because it is further along
the biogynthetic route leading to the neosamines. The distribution

of 13 3

S. fradiae confirmed earlier observations that D-glucosge and

C in the subunits blosynthesized from ! C-precursors by
D-glucogamine are incorporated intact into neosamines and that
D-glucosamine labels neosamines to a greater extent than does
D-glucose (Rinehart et al., 1974a).

An invegtigation into the incorporation of D—[qSN]glucosamine

15N wag found only in

into neomycin by S. fradiae demonstrated that
the neosamine moieties of the antibiotic and suggests that
D-giucosamine is incorporated without prior deamination.

Although nothing else is known about the biogynthesis of the
neoganines from D-glucosgse it ig tempting fto speculate on the
reactions involved. '

The conversion of D-glucose into D-glucogamine occurs by a
well known pathway (Fig. 1.19). It is possible that 5. fradiae
synthesgsizes D-glucogamine from D-glucose by a gimilar route. The
conversgion of D-glucosamine into neosamine C involves the replace-
ment of the 6-hydroxyl group with an amino~group. Neosamine B
biogynthesis from D-glucosamine is more complicated and requiresg, in
addition to amination at position 6, epimerization to produce the
L-idose=configuration.

There are two posgible pathways for the convergion of
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D-glucosamine into neogamine B. 1In the first (Fig. 1.20a) the
carbon skeleton is isomerized to produce an L-idogaminewderivative
and this is then aminated to produce neosamine B. In an alternative
pathway (Fig. 1.20b) a 2,6-diaminomintermediate is produced prior

to isomerization to the L-idose configuration.

Figure 1.20 The convergion of D-glucosamine into neogamine B

CH,OH
HO 20 q HO 0
HO OH HO OH
HoN HOH ,C  HoN
b
CHyNHy
0
40 0 HO
HO OH HO OH
HoN H NH,C  HoN

neogamine B

Rinehart (1964) favours this second mechanism and also suggests
that neosamines B and C are produced by similar pathways differing
only in the last reaction (Fig. 1.21). Thus D-glucosamine is ami-
nated at posgition 6 and converted into a 5-keto=derivative. The

reduction of the 5-keto group will produce either neosamine B or C.
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Figure 1.21 The biosgynthegig of the neogamineg from D-glucosamine

CH-NH

CH,OH NFp
HN H,N

CH->NH
HO F 20 HO 0
HO on HO qN o OH

HoN H,yNH,C 2
neogamine C neosamine B

1.¢ Biosynthesis of the D-ribose~moiety of neomycin

o)

Early observations that carbon-1 of D-ribose may be derived
from carbon-1 of D-glucose, and that to a lesser extent carbon-5
of D-ribose may be derived from carbon-6 of D-glucose (Foght, 1963),
were later confirmed using 13C precursors (Rinehart et al.,
1974a).

These results are explained by the operation of two known
pathways. The biogynthesis of D-ribose from Déglucose by the
hexose monophosphate pathway (Fig. 1.22) explains the labelling of
carbon-5 from D~[6—14C]glucose and the operation of the glucuro-
nate pathway (Fig. 1.23) explains the labelling of carbon-1 of

4

ribose from D—[1-—1 C}glucose.
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Pigure 1.22 The labelling of D-riboge synthegized from D-glucose

via the hexose monophosphate pathway

*GH-0H

HO —

HO OH

Figure 1.23 The labelling of D-riboge synthegized from D-glucose

via the glucuronate pathway

CH,0H
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1.7 The subunitwasgembly of the neomycing

It is probable that during necwycine~biosynthesis individual
subunits are elaborated and these are then assembled to produce
the final antibiotic or an immediste precursor. Little is known
about the order in which these subunits are assembled.

Schimbor (1966) demonsirated that 35% of Mo from added
[14C]neosamine C (ring I) was incorporated by S. fradiae into
neomycin, between 75 and 80% of this being associated with the
neogamine C molety, the remainder being found in nebsamine B
(ring IV) and 2-deoxystreptamine (ring II). It has been suggested
(Falkner, 1969) that the neomycin isolated in these experiments was
contaminated with neosamine C precursor. In contrast to the results
above Falkner (1969) found that less than 8% of added
{6—14C]neosamine C was incorporated into neomycin and, whilst the

14

majority of the C was associated with the neosamine C moiety,
degradation of thnis subunit showed that the label wag accumulated
at carbon-1 instead of carbon-6. This is a most unexpected result
and warrants re-investigation.

Foght (1963) has demonstrated an incorporation of
[14C]neosamine B into neomycin although only i12% of the incorporated
radicactivity was associated with this moiety. The reliability of
this obgervation was questioned by Schimbor (1966) who claimed that
the precursors used were impure.

hen added 2—[1—14C]deoxystreptamine wasg incorporated by
S. fradiae into neomycin (52% incorporation), 85% of the label was
in the 2-deoxystreptamine=-moiety (Foght, 1963). PFurther evidence
that free preformed 2-deoxystreptamine is a precursor for neomycin
biosynthesis is the isolatiocn of 2-deoxystreptamine-idiotrophs of
5. fradiae (Shier et al., 1969; see Section 1.11).

140

Experiments with D—[1~14C]ribose have ghown that of the
incorporated into the D-riboge=moiety of neomycin by S. fradiae
virtually all remained at position C-1, thus suggesting that
D-ribose is probably incorporated as a preformed subunit
(Schimbor, 1966).

Thus although some results conflict, there is evidence that
all of the subunits are biosynthesized independently prior to

incorporation into neomycin. In the case of the neosamines,

however, further investigation is required.
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Figure 1.24 The sgstructure of neobiosgsamine B

OH

Figure 1.25 The structure of the compound consisting of

rings ITI-TI1I-1V of neomycin B
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A result which contrasts with thig conclusion ig the isolation
of paromomycin (which differs from neomycin only with respect to
ring I being D-glucosamine) from neomycin samples (Hessler et al.,
1970). It is possgible that this is a precursor for neomycin-biosyn-
thesis. This would suggest that the biosynthesis of neosamine C
may be completed subsequent to the assembly of a basic structure.
The completion of subunitebiosynthesis subsequent to the assembly
of a basic structure has been proposed to occur during the production
of gentamicing and sisomicins (see Section 1. 9). However, as
paromomycin was never found to constitute more than 1% of the total
neomycin sample it seemg unlikely that it is a precursor of the
latter antibiotic.

0f the possible intermediates of neomycin biosynthesis from
preformed subunits neamine (Fig. 1.2) was the first to be isolated
(Peck et al., 1949). Furthermore it was shown that this was not a
product of neomycin degradation occurring during the igolation pro-
cedure (Perlman & 0'Brien, 1953). These workers demonstrated that
when S. fradige was grown on medium to which meat extract or the
inorganic fraction of meat extract was added neamine was the prin-
ciple aminoglycogide produced, neomycin B and C being synthesgized
in very small amounts. When the meat extract was omitted from the
medium neomycin B and C were the principle aminoglycosides produced.

There is no evidence that the other half of the neomycin mole-
cule, neobiosamine (rings III-IV; Tig. 1.24), is produced as a free

intermediate by S. fradiae cultures.
4 compound corresponding to rings ITI-ITI-IV (Pig. 1.25) of

neomycin has been igolated from a commercial sample of neomycin
(Claes et al., 1974). These authors suggest that the linkage of
neobiogamine (ring III-IV) to 2-deoxystreptamine may occur.
Alternatively the compound consisting of rings II-III-IV of neo-
mycin could be produced by the linkage of ring IV to rings II-III.
It is unfortunate that no comparison between the amount of amino-
glycogide consgisting of rings II-IITI-IV and the amount of neamine
in the gample was made, although it seems that the former compound
is present only in very small quantities.

Ribostamycin, which contains rings I-II-IIT of neomycin
(Fig. 1.6), has been shown to exist in nature, being synthesized by

Streptomyces ribosidificus (Shomura et al., 1970; Akita et al.,1970).
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2-deoxystreptamine-idiotrophs, organisms unable tTo produce
antibiotic unless 2-deoxystreptamine i1g added to the growth medium
(see Section 1.11), have been used to examine the gubuniteassembly
of various antibiotics. Shier et al. (1974) incubated
?2-deoxystreptamine-idiotrophs of S. fradiae, a neomycin-producing

organism, S. rimosus forma paromomycinus, a paromomycin-producing

organism, and S. kanamyceticus, a kanamycin-producing organism, with

the potential intermediates neamine (rings I-II of neomycin and kana-
mycin B), paromamine (rings I-II of paromomycin and kanamycin C) and
6-kanosamidino-2-deoxystreptamine (rings II-III of the kanamycins;
Fig. 1.26). ©None of the organisms converted any of these compounds
into antibiotics. The 5. fradiae mutant also failed to convert

ribostamycin into any other aminoglycoside.

FPigure 1.26 The structure of 6-kanagamidino-2-deoxystreptamine

NHy
HO

HO Ho

0 CHZOH
HO OH
NHy

Various reasons were proposed why the compounds are not con-
verted into antibiotics (Shier et al., 1974). The precursors may
fail to enter the cell. Thig is not very probable as neamine is
an antibiotic against the producing organisms at a concentration of
1OQﬂg/ml. It is possible that neamine is a precursor for the anti-
biotics but that the antibacterial activity of neamine masks any

modification into other antibacterial compounds. Another
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posgibility for the failure of the compounds to support antibiotic
production is that the pathway for subunit assembly does not include
the compound tested. However in the experiments usging the

2-deoxystreptamine-idiotroph of 3. kanamyceticus, neither of the

two possible intermediateg (rings I-II and rings II-III) are con-
verted into antibiotic, thus suggesting that this possibility is
unlikely in this case.

Other reasons suggested for the compoundg not being converted
into antibiotics are That derivatized intermediates may be involved
in the blosynthesgis or that the intermediates may be enzyme bound.

In support of the former proposal is the observation that amino-
glycoside-phosphates are produced by antibiotic-gynthesizing cultures
(see Section 1.8) and hence these phosphate derivatives may be the
true intermediates.

In conclugion it hasg been speculated that neamine is an inter-
mediate in the pathway for neomycin biogsynthesis (Rinehart, 1964;
Falkner, 1969), although there is no direct evidence for this. Both
of these authors also suggest that rings III and IV are joined to
produce neobiogamine which is then added to neamine to produce neo-
mycin. Evidence for the existence of neobiogamine as an intermediate
igs only indirect (Foght, 1963; Schimbor, 1966; Falkner, 1969).

The sequence of subuniteassembly involved in neomycin bio-
synthegis is discussed at greater length later in this thesis

(Section 6.10).

1.8 The role of alkaline phosphatase in.aminoglvcogide biogsynthesis

It is possible that phosphorylated-intermediates are involved
in the biosynthesls of aminoglycosides. Aminoglycoside-phosphates
are produced by certain antibiotic-biosynthesizing organigms and
hydrolysis of these compounds by alkaline phosphatase, also produced
by the antibiotic-biogynthesizing organism, releases the antibiotic.

Nomi et al. (1968) have isolated a compound, the L-component,
from streptomycin-producing cultures which, on exposure to another
component (H) having phosphatase characteristics, was converted into
streptomycin. Purthermore Miller & Walker (1969) examined kinase

activity in Streptomyces bikiniensig and found an enzyme which

phosphorylated streptidine and streptomycin using adenosine tri-

phosphate as phosphate~donor. Similarly Walker & Skorvaga (1973)
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have shown Streptomyces griseusg has a kinase capable of 0O~

phosphorylating position 3 of the HN-methyl-IL-glucosamine-moiety of
streptomycin., These latter workers also demonstrated streptomycin
6-phosphate phosphatase which removes the phosphate from strepto-
mycin 6-phosphate (O-phosphorylated at position 6 of streptidine)
and from streptomycin 3"-phosphate (O-phosphorylated at position 3
of N-methyl-I-glucosamine).

A posegible advantage of biosynthesizing streptomycin from
streptidine phosphate is that the streptomycin phosphate thus syn-
thegized ig inactive and could be excreted as such. A high phosphate
concentration in the medium would be expected to inhibit dephos-
phorylation and it has been obgerved that in thesge conditions
streptomycin biosynthesis was inhibited (Dulaney, 1948).

It has been shown that when 3. fradiae was grown in the pre-
sence of certain amino-acids, and in particular gerine or glycine,
phosphorylated neomycins B and C accumulated (Majumdar & Majumdar,
1970). When S. fradiae mycelia were incubated in the presence of
SOOPg/ml of thesge phosphorylated compounds the final neomycin con-
centration wasg 325ﬂg/m1, whilst in the absence of the phosphorylated
compounds the final neomycin concentration wags only 102ﬂg/ml.

It is unlikely that the enzyme found in S. fradiae which
phosphorylates the 3-hydroxyl group of neomycin (Miller & Walker,
1969) is responsible for the synthesis of the neomycin phosphate
observed in the work of Majumdar & Majumdar (1970), which probably
has the phogphate linked to the nitrogen of one of the amino groups
of neomycin.

There is more evidence that neomycin phosphate is a genuine
precursor of neomycin than there is for streptomycin phosphate
being a precursor of streptomycin. When 8. fradiase was grown on
three different media i1t was found that neomycin<formation varied
directly with alkaline phosphatase activity (Majumdar & Majumdar,
1971). It was further observed that one of the alkaline phosphatase
activities found in mycelial extracts was specific for neomycin
phosphate.

’ The correlation between alkaline phosphatase and neomycin
biosynthesis was examined in more detail by Bandyopadhyay &
Mejumdar (1974). Using washed mycelia of S. fradiae they showed

that alkaline phosphatase activity and neomycin biosynthesis are
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both maximal with calcium and magnesium present. D-glucose was
shown to inhibit alkaline phosphatase synthesis and neomycin pro-
duction, and arabinose was shown to stimulate both. Asparagine wag
shown to be a very good inducer of alkaline phosphatase and sgtimu-
lated neomycin biosynthesis. PFinally chloramphenicol inhibits the
production of alkaline phosphatase and neomycin.

In summary there ig evidence for neomycin phosphate being an
intermediate in neomycin biosynthesgsig, the last gtep of the
production of this latfer compound being catalysed by alkaline

phosphatase.

1.9 The biosynthegis of gentamicing and sisomicins

It has been proposed that the individual componénts of neo-
mycin are bilogynthegized and then joined to form the final molecule
(Rinehart, 1964; Section 1.7), or the intermediate neomycin phos-
phate (Majumdar & Majumdar, 1970; Section 1.8) which is dephos-
phorylated to produce neomycin. In contrast an alternative route
has been proposed for the biogynthesig of other aminoglycogide
antibiotics in which precursors of the subunits are joined to pro-
duce a bagic gtructure. This is then modified to produce the final
molecule.

For example it has been suggested that the N-methyl group of
the N-methyl-L-glucosamine=-moiety of streptomycin is added after
N-dimethylstreptomycin has been synthesized (Heding, 1968; Heding &
Bajpai, 1973). A similar type of pathway has been proposed for the
biosynthesgis of the gentamicins and sisomicing.,

Small quantities of gentamicing A, A2 and XE’ and antibioticse
J1-20A and 66-40B (see Pig. 1.27 for structures) have been isoclated

from cultures of the sisomicin-producing organism Micromonospora

inyoensis. It has been suggested that these compounds are inter-
mediates of gigomicin biogynthesig and, rather than this latter
antibiotic being produced by the assembly of pre-formed subunits, a
bagic structure is synthesized (probably gentamicin AZ; Pig. 1.27)
and thig is then functionalized (Testa & Tilley, 1975).

Evidence for this was obtained using a 2-deoxystreptamine-

idiotroph (see Section 1.11) of M. inyoensis. This organism was

cultured in the presence of posgsible precursors of sisomicin and

modification of these precursorsg monitored. Sisomicin was produced
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Pigure 1.27 Sigomicin biosynthesis
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from gentamicins A A and XZ’ and antibioticg J1-204 and 66-40B

(see Pig. 1.27 for2structures). Only the product from gentamicin A
was shown to be gisomicin by any technique other than chromatography.
In this case the product was identified using masgs spectrometry.

From thege results the pathway outlined in Fig. 1.27 was proposed
for sisomicin biosynthesis (Testa & Tilley, 1975).

However antibiotic production from the various compounds can
be explained by the hydrolysis of the precursor followed by the
incorporation of the liberated 2-deoxystreptamine into sisomicin.

The results from only one experiment performed by Testa & Tilley
suggest this may not be so; that in which gentamicin A1 was converted
into antibiotic 66-40D (Fig. 1.28). If gentamicin Ay had been hydro-
lysed prior to conversion into antibiotic the compound produced
should be gisomicin. That gentamicin A1 was converted into anti-
biotic 66-40D suggests hydrolysis had not occurred.

The first two steps (a and b) in the proposed sequence for
sisomicin biosynthesis from gentamicin A2 (Fig. 1.27) are methyla-
tion reactions. Lee et al. (1976b) have demonstrated that the
label from L—[methyl—14C]methionine wag incorporated into sisgomicin

by M. inyoengis and suggest that the amino acid provides the methyl

groups of this antiblotic. Moreover shortly after the addition of

L{ methyl—140]methionine to M. inyoengig cultures label appeared in

gentamicin A and antibiotic 66-40B (Pig. 1.27). TFollowing further
incubation 140 appeared in sisomicin also. From these results it
was concluded that gentamicin A and antibiotic 66-40B are precursors
for gisomicin biogynthesis.

The 140 gentamicin A isolated in the experiment above wag

incubated with a 2-deoxystreptamine-idiotroph of M. invoensis. The

aminoglycosides were purified and it was found that 98.7% of the
recovered 140 was associated with gentamicin A and 1.3% was asso-
ciated with a gisomicin-like compound, again suggesting that
gentamicin A i1s a precursgor of the latter antibiotic. Thisg result
could also be obtained if gentamicin A were degraded and sisomicin
synthesized from the degradation products.

It has been demonsgtrated that the gentamicins may be biosyn-
thesized in a way similar to sisomicin. Testa & Tilley (1976)

igsolated a mutant of Micromonospora purpurea which was unable to

synthesize gentamicin but could produce paromamine, The mutant was
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Figure 1.28 The biosynthesis of antibiotic 66-40D from

gentamicin A
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incubated in the presence of various naturally-produced gentamicins.
After incubation the compounds were examined for conversion into
other gentamicins. Gentamicin C1 wag produced from gentamicin 02
(see Fig. 1.29 for structures), gentamicin C2b wag produced from

gentamicin C, , gentamicin C1a and C2b were produced from antibiotic

la
J1-20A, and gentamicins C2 and C1 were produced from both antibiotic

G-418 and J1-20B. Gentamicins an, 02 and C1 were produced from

gentamicin A and X2. from thegse results the authors propose a

branched pathway for the biosynthesis of gentamicins (Fig. 1.29).
In the proposed pathway (Fig. 1.29) for the conversion of

gentamicin A to gentamicin C4 three methylationereactions occur

and during the conversion of gentamicin A to gentamicin C2b two

methylationereactions occur. Lee et al. (1973, 1974) showed that
140 from L—[methzl—14C]methionine was incorporated into gentamicing

C,y» C, and C, and it was demonstrated (Lee et al., 1975) that the

radioactive precursor was labelling at least some of the methyl
groups of these antibiotics.
Small guantities of gentamicing A, X2 and antibiotic G-418

(see Fig. 1.29 for structures) are produced by M. purpurea. The
14

addition of L—[methyl— ¢! methionine to one-day old cultures of

M. purpurea resulted in a small amount of label appearing in genta-

micing A, X2 and antibiotic G-418 after 15 minutes incubation

(Lee et al., 1976a). At this time gentamicins CWa’ 02 and C1

remained unlabelled., After incubating the culture for 24 hours 14C

appears in gentamicing an, 02 and C1 as well as gentamicin A, X2
and antibiotic G-418. These results support the proposal that

5 1a° 02 and Cq’

and that antibiotic G-418 is a precursor of gentamicing C1 and 02.

15 C2 and CT’

C]methionine, were incubated with M. purpurea they were

gentamicing A and X, are precursors of gentamicins C

However when 140 gentamicins C synthegized from

L—[methzl—14

found to label gentamicin X2 and antibiotic G-418 to a comnsiderable

degree. This i1s an unexpected result and emphasgsises the need for a
more detailed examination of the relationship between these antibiotics.
Gentamicin X2 and antibiotic G-418 could be produced from gentamicinsg

C

1a°? C2 and C, either directly or via a hydrolysis mechanism.

1
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Fig. 1.29 Gentamicin biosynthesis
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1.170 Modification of aminoglycoside antibioticsg by

antibiotic-registant organisms

One of the problems encountered using aminoglycoside (and
other) antibiotics is the increasing population of antibiotic-
registant organisms. The resistant mechanisms of these organisms
have been examined in the hope that information obtained can be used
to predict gtructures to which these organisms will be sensitive.

In bacteria isolated from nature it has been found that
antibiotic-registance is commonly due to the presence of enzymes
which modify, and thereby inactivate, the antibiotics. There are
three mechanisms by which the aminoglycogides are known to be
inactivated (Benveniste & Davies, 1973; Price et al., 1974). These
are phosphorylation or adenylylation of the hydroxyl groups and
acetylation of amino groups. Ten aminoglycoside inactivating
enzymes have been discovered; eight of these inactivate
2-deoxystreptamine containing antibiotics and the remaining two
inactivate streptomycin and spectinomycin (Table 1.71; Figs. 1.30,
1.31 & 1.32).

Knowledge of the mechanisms and substrate specificities of
these inactivating enzymes has made possible the prediction of
structures which will not be modified. For example Umezawa et al.
(1967) discovered that certain kanamycin-resistant R factor carrying
organisms produced one of the aminoglycoside phosphotransferase (3')
enzymes (Table 1.1), which inactivates kanamycin by phosphorylation
at position 3 of ring I. As expected 3'-deoxykanamycin, the kana~
mycin analogue lacking the 3 hydroxyl group phosphorylated by
aminoglycoside phosphotransferase (3'), is an active antibiotic
against organisms with this enzyme (Umezawa et al., 1971).

Paromomycin 1is also inactivated by phosphorylation at position
3 of ring I, this modification again being catalysed by amino-
glycoside phosphotransferase (3'). However lividomycin, which is a
paromomycin analogue lacking the 3 hydroxyl group, is also inacti-
vated by aminoglycoside phosphotransferase (3'), although in this
case phosphorylation occurs at position 5 of ring III (Fig. 1.32).

Alteration of part of the antibiotic away from the gite of
modification can have an effect on whether the antibiotic is a sub-
strate for an inactivating enzyme. Amikacin (Fig. 1.33), which is

a kanamycin analogue with an L(-)-9¥-amino-ot -hydroxybutyryl moiety
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Table 1.1 Aminoglyvcoside dnactivating enzymeg

(Benveniste & Davies, 1973; Price et al., 1974)

Enzyme Antibioticsg dinactivated
Aminoglycoside phosphotransferase (3')-I neomycing, paromomycins,
ribostamycing, lividomycins,
kanamycing

Aminoglycoside phosphotransferase (3')-II neomycing, paromomycins,
ribostamicing, butirosing,
kanamycing

Aminoglycoside phosphotransferase (5") lividomycin
Aminoglycoside nucleotidyltransferase (2") gentamicing, kanamycins
Aminoglycoside acetyltransferase (67) neomycin, rihostamycin

butircosing, kanamycing A & B,
gentamicing C1 & C
a

2
Aminoglycoside acetyltransferase (3)-I gentamicing, kanamycin B¥
Aminoglycoside acetyltransferase (2') gentamicing, neomycing¥*,

paromomycing¥,

kanamycing B* & C¥*,
ribogtamycin*, butirosing*,
lividomycing¥

Aminoglycoside acetyltransferase (3)-II neomyclns, paromomycing,
rivostamycin, kanamycin,
gentamicing, lividomycins

Streptomycin phosphotransferase gtreptomycin
Streptomycin adenylyltransferase gtreptomycin,
spectinomycin

*These compounds are poor subsirates
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Pigure 1.30 Siteg of modification by rneomycin Beinactivating enzymeg
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Pigure 1.32 Sites of modification by lividomycin B-inactivating

enzymes
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Figure 1.33 The structure of amikacin

QHNH
HO

HO [
HO 2
0 Q
H O~ ﬁ /ZNHCCHOHCHZCHZNHZ
0 H,0H
HO OH

NH,



-37~

on the l1-amino group of 2-deoxystreptamine, is inactivated by only
one of the four kanamycin-~inactivating enzymes (Benveniste & Davies,
1973). Amikacin is a substrate for aminoglycoside acetyltransferase
(6') (Table 1.1), an enzyme which acetylates the b-amino group of
ring I.

It has also been shown that an alteration in the aminocyclitol
ring of gigomicin can produce antibiotics which are more active than
the parent compound against organisms containing aminoglycogide-

inactivating enzymes (Testa et al., 1974).

1.717 Aminocyclitol-idiotrophs of antibiotic producing organismg

Organisms have been isolated which can only produce antibiotic
if an essential compound is present. Thus Shier et al. (1969)
reported the isolation of mutants of 8. fradiae wiaich would only pro-
duce neomycin when added 2~deoxystreptamine was present. This type
of mutant was later given the name idiotroph (Nagaoka & Demain, 1975),
a defination of which is a mutant requiring a special nutrient to
produce a product peculiar to that organism. Shier et al. (1969)
found that by incubating the 2-deoxystreptamine-idiotroph in the pre-
sence of the 2-deoxystreptamine—analogues streptamine and epi-
streptamine, neomycinéanalogues were produced (hybrimycins A and B;
Pig. 1.34) in which 2-deoxystreptamine was replaced by the added
analogue.

Since these experiments were described there have been reports
of idiotrophs of various antibiotic-producing orgarnisms being usgsd to
synthesize analogues of paromomycin (Shier et al., 1974; Fig. 1.35)
kanamycin (Kojima & Satoh, 1973; Figure 1,36 ), ribostamycin
(Kojima & Satoh, 1973; Fig. 1.37), sisomicin (Testa et al., 1974;
Figs. 1.38 & 1.39), butirosin (Claridge et al., 1974; Taylor &
Schmitz, 1976; Figs. 1.40, 1.41 & 1.42) and streptomycin (Nagaoka &
Demain, 1974, 1975; Fig. 1.43).

It has been observed that 2-deoxystreptamine-idiotrophs of the
organisms producing the 4,5-disubstituted 2-deoxysireptamine anti-
bictics (neomycin, paromomycin, ribogstamycin and butirosin)
incorporate 2-deoxystreptamine=analogues into antibioticg similar
to the parent compound, excepting that the natural aminocyclitol
(ring IT) is replaced by the synthetic analogue. In contrast, when
the 2-deoxystreptamine-idiotrophs of the organisms which produce

4,6-disubstituted 2-deoxystreptamine antibiotics (sisomicin and
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Pigure 1.34 The structure of hybrimycing A and B
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Figure 1.36 The structure of kanamycineanalogues
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FPigure 1.38 The structure of sisomicin-analogues
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Pigure 1.40 The sgtructure of 5-deoxybutirogamine
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Figure 1.43 The structure of 2-deoxystreptomycin
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kanamycin) are incubated with 2-deoxystreptamine-analogues, as well
as producing analogues of the parent antibiotics in which the amino-
cyclitol is altered, the organisms synthesized compounds in which the
functionalization of ring I and ring III is incomplete (Kojima &
Satoh, 1973; Testa et al., 1974). There is evidence to suggest that
in the case of the 4,6-disubstituted 2-deoxystreptamine-antibiotics,
sisomicin and gentamicin, functionslization of rings I and IIT may
occur after the synthesis of a basic gtructure (see Section 1.9).

On the basis of this last observation the results obtained using

the 2-deoxygtreptamine-idiotrophs supplemented with
2-deoxystreptamine-analogues could be explained by the analogue
being incorporated into a basic structure which is not a substrate

for the functionalization-enzymes.

1.12 Aims of this work

The work described in this thesis is concerned with the
elucidation of the order of subunit-assembly during the biosynthesis
of neomycins and with the synthesis of novel antibiotics; some of
this work has been published elsewhere (Olesker et al., 1975;

Pearce et al., 1976; Cleophax et al., 1976).
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Chapter 2
Materialsg and Methods

2.1 Chemicals

Standard laboratory chemicals used were of reagent grade and
were obtained from BDH Chemicals, Poole, Dorset, U.K. D—[6—3H2]
glucoge and D—[U-14C} glucose were obtained from The Radiochemical
Centre, Amersham, Bucks., U.K. Neomycin sulphate was from
Boehringer Corporation (London), London W.5, U.K. Neomycin B
sulphate and neomycin C sulphate were prepared from neomycin
sulphate using paper chromatography developed with 2-methylpropan-

2-0l/butan-2-one/methancl/6.5M-NH  solution (3:16:1:6, by vol.).

Neamine was prepared from neomycii gsulphate by the method of
Dutcher & Donin (1952) (see Section 2.14). Paromomycin sulphate
was a gift from Parke-Davis, Hounslow, Middlesex, U.K.
Paromomycin I sulphate and paromomycin II sulphate were prepared
from paromomycin sulphate using the technique employed to produce
the B and C components of the neomycin sulphate mixture.

The aminocyclitols and their derivatives were giftes from
Dr. 8. D. Gero, Institut de Chimie des Substances Naturelles,
C.N.R.S., 91190 Gif-sur-Yvette, France.

Diagnostic sensitivity test agar base (DST agar), nutrient
agar and nutrient broth were from Oxoid, London S.E.1, U.K.

Celite hyflo super gel was from Kochlight Laboratories Ltd.,
Colnbrook, Bucks, U.K.

2.2 Organisms; source and properties

All of the antibiotic-producing organisms were obtained from
the American Type Culture Collection (A.T.C.C.), c/o Order
Department, 12301 Parklawn Drive, Rockville, Maryland 20852, U.S.A.

Streptomyces fradiae wild type (A.T.C.C. 10745) synthesizes

neomycin. The 2-deoxystreptamine-idiotroph of Streptomyces fradiae

(A.T.C.C. 21401) synthegizes neomycin only in +the presence of added
2-deoxystreptamine. The 2-deoxystreptamine-idiotroph of

Streptomyces rimogus forma paromomycinus (A.T.C.C. 21484) synthe-

sizes parocmomycin only in the presence of added 2-deoxystreptamine.

The 2-deoxystreptamine-idiotroph of Streptomyces kanamyceticus

(A.T.C.C. 21486) synthesizes kanamycin only in the presence of
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added 2-deoxygtreptamine.
’ The following organisms were used for antibiotic assay. The
number in parenthesis is that given the organism for the experiments
reported in this thesis only.

Escherichia coli Bristol (PTI) was the standard organism used

both to detect and assay antibiotic and was a gift from
Profegsor P. Watt, Department of Medical Microbiology, of this uni-

versity. Egcherichiag coli W3110 was a gift from M.D. Watson of

this department. Egcherichia coli (gentamicin-resistant due to pre-

sence of aminoglycoside nucleotidyl transferase 2") (PT2), Proteus
mirabilin (PT3), the neomycin-resistant Staphylococcus aureus
strains 12336 (PT4) and 5507 (PT5), the neomycin-sensitive Staphy-

lococcusg aureus (PT6) and Pseudomonasg aeruginosa (PT?), were all

gifte from Professor P. Watt. Shigella sonnei C631978 and

Salmonella typhimurium LT2 were gifts from Dr. W. T. Drabble of this

department. Hscherichia coli gtrains K-12 ML1629, K-12 ML1410 and

JR66/W6T77 and Pgeudomonas aeruginosa H9 were all gifts from

Dr. S. Kondo, Institute of Microbial Chemistry, Kamiosaki,

Shinagawa-ku, Tokyo, Japan. E. coli JR66/W677 and P.aeruginosa H9

are neomycin-resistant due to the presence of aminoglycoside
phosphotransferase (3') type II (Matsuhashi et al., 1975), and

E. coli K-12 ML1629 and K-12 ML1410 are neomycin-resistant due to
the presence of aminoglycoside phosphotransferase (3') type I

(Umezawa et al., 1973).

2.3 Growth of Streptomyces

Streptomyces spores were produced on medium containing starch,
1%; KEHPO4, 0.1%; MgSO4.7H20, 0.1%; NaCl, 0.1%; (NH4)ZSO4, 0.2%;
CaCOB, 0.2%; agar, 1% and 0.1% of a 0.1% solution in water of the
following; FeSO4.7H20, Mn012.4H20 and ZnSO4.7H20. 10ml aliquotg of

the above medium were poured into sterile plastic petri dishes.

These were dried, inoculated and incubated at BOOC for three days
and then stored at room temperature. Spore were transfered to
fresh plates every three weeks.

Streptomyces fradiae (A.T.C.C. 10745 and 21401) was grown in

the following liguid media.
a) Sebek complex medium (Sebek, 1955) contained soybean meal,
2.5%; yeast extract, 0.5%; NaCl, 0.5% CaCOB, 0.2% and
glucose, 1%. The pH was adjusted to 7.5 using NaOH solution.




-46-

b) Sebek defined medium (Sebek, 1955) contained glucose, 1%;
casein hydrolysate, 1%:; (NH4)2HPO4, 1%;MgSO4.7H20, 0.05%;
FeS0,.7H,0, 0.005%; CuS0,.5H,0, 0.005% and CaC0,, 1%.
The pH was adjusted to 7.2-7.3 with NaCH solution.

¢) Majumdar and Majumdar defined medium (1971) contained
maltose, 1.5%; NaNOB, 0.51%; K2HP04, OfT%; MgS0 .7H20,
0.05%; CaClZ.ZHZO, 0.004%; FeSO4.7H20, 0.0005%;
Zn30 .7H20, 0.00005%. The pH was adjusted to 7.5 using

4
NaCH.

4

The 2-deoxystreptamine-idiotroph of the paromomycin-producing

organism, Streptomyces rimosus forma paromomycinus, was grown in g

medium of the following composition (Schier et al., 1972). Soybean
meal, 1%; casein hydrolysate, 0.25%;05003 0.5%; gluéose, 1% ;
NaCl, 0.5% and NH,Cl, 0.167%. The pH was adjusted to 7.5 using

NaOH solution.

The ligquid media described above were sterilized at 121°¢ for

4

15 minutes in a steam autoclave prior to use.

The organisms were grown at BOOC in either a 500ml Erlenmeyer
flask containing 50ml of medium, a 21litre EBrlenmeyer flask con-
taining 200ml of medium or a 125ml conical flask containing 10mi
medium. The flasks were incubated on a rotary shaker; in the case
of the 500ml and 125ml flasks the shaker produced a 2.5cm diameter
rotation 150 times/minute, and the shaker used for cultures in the

2 litre flasks produced a 4cm diameter rotation 120 times/minute.

2.4 Biosynthegis of antibiotics

For the production of deoxyneomycin, the antibiotic synthe-
gized in the presence of 4—9—ﬁ—ribosyl—2,6—dideoxystreptamine and
dideoxyneamine, the 2-deoxystreptamine-idiotroph of S. fradiase was
cultured in 50ml Sebek complex medium (Section 2.3) for 2 to 3 days
and 10ml of this was used to inoculate 200ml of Sebek complex
medium to which had been added the amino-cyclitols in gterile
aqueous solutions. The cultures were incubated for five days at
which time the antibiotic production was maximal.

For the production of deoxyparomomycin and the conversion of
neamine into antibilotic by the 2-deoxystreptamine~idiotroph of

S. rimosus forma paromomycinus, the organism was grown for three

days in the medium described above. To either 50ml in the case of



.

the neamine conversion into neomycin experimentg,or 200ml in the
cage of deoxyparomomycin production, of the same medium, supple-
mented with the relevant aminocyclitol derivative, was added 2.5ml
or 10ml respectively of the 3-day old culture. The flasks were

then incubated for five days at which time the antibiotic production

was maximal.

2.5 Screening of compoundg for their agbility to support the

production of antibiotic

The following method is based on that reported by Schier et al.
(1973). Aqueous solutions of the compounds to be tested were steri-
lized in a steam autoclave at 103KPa for 15 minutes. These were
added to a solution (2.8%) of sterilized Oxoid nutrient agar at
approximately SOOC and 10ml aliquots poured into sterile plastic
petri dishes. The plates were dried at 3700 and then inoculated

with a single gtreak of Streptomyces spores taken from a culture

grown on a starch/salts agar plate (Section 2.3). The plates were
incubated at BOOC for three days. Antibiotic production was deter-
mined by overlaying the plates with 8ml of a solution (4%) of
Oxoid diagnostic sensitivity testing agar at 4500 containing 2.5%

by volume of an overnight culture of Egcherichia coli Bristol in

nutrient broth. The plates were incubated at 3700 overnight and
then examined for the inhibition of growth of E. coli around the

Streptomyces streak.

2.6 Antibiotic extraction

The cultures containing antibiotics were centrifuged at
10,000 rpm for 30 minutes. The supernatant was poured twice through
a column containing Amberlite TRC50 resin. The column was prepared
in the following way. Amberlite IRC50 (H%*) was suspended in water
and poured into a glass column of 2.5cm diameter. The wolume of
resin used was about 1Tml for every 2.5mg of antibiotic to be
extracted; thig quantity of antibiotic was usually present in
5 to 12.5ml of culture supernatant. 2ml of 4Hi —NH3 solution per ml
of resin was passed through the column in order to generate the
ammonium phase. The regin was then washed with distilled water
until the pH of the eluant was 7.0. The column was then used for

antibiotic extraction.
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The resin through which the supernatant had been passed was
washed four times, each time with a quantity of water equal %o the
regin volume, and the antibiotic eluted using four times the resin
volume of 2M-NH, golution. The eluant containing antibiotic from

3

the regin was dried using a rotary evaporator.

2.7 Purification of antibiotics uging paper chromstography

The usual system for purification of antibiotics involved
descending paper chromatography using Whatman 3MM paper and the sol-
vent system MeOH/NH3 (sp. gr. 0.88) (4:1, V/V). If the solvent was
to be allowed to run off the end of the chromatogram the paper was
gserrated ensuring an even solvent front. Chromatography was
carried out in glass tanks 25cm x 30cm x 55cm which were equili-
brated with solvent for approximately 1 hour before starting.
Chromatograms were dried in a drying cabinet at 4OOC.

Antibiotics were eluted from the chromatogram using the
apparatus described in Diagram 2.1. The elution was completed
after approximately 2.5ml had been collected; initially this was
checked by assaying for the presence of antibiotic activity in the

paper.

2.8 Purification of antibictics using gel filtration chromatography

The column was prepared for purifying deoxyneomycin from a
crude extract containing the antibiotic and 2,4~dideoxystreptamine
as major components, '

100gm Sephadex G10 was boiled in 200ml O.TM—NH3 solution,

The slurry was poured in one go into a column 2.5cm diameter with

a glass scinter base covered with a 0.5cm layer of celite hyflo
super gel, The column was left overnight to settle; the final
column wag 45cm high. The homogeneity of the column was checked by
applying 2mg dextran blue to the top of the column and eluting this
with O.1M—NH3 gsolution. The dextran blue passed through the column
in a narrow blue band. o=nitro phenol and dextran blue dissolved
in 1ml O.1M—NH3 solution, were applied to the top of the column and

developed uging O.1M—NH3 solution. b5ml fractions were collected.

The dextran blue eluted in fractions 13, 14 and 15 and the g-nitro
phenol in fractions 30 to 38. When 50mg of neomycin and 20mg of

2-deoxystreptamine digsolved in 1ml were applied to the top of the
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Diagram 2,1 Elution apparatus

Petri digh containing water

\)\ 2 glass slides held together
5 V,___._.___ by an elastic band

paper being eluted sandwiched
between glass slides

e beaker collecting eluate

Diagram 2.2 Simplified diagram of the apparatus used during

M.I.C, determinations

- loops
g
v plate with wells containing
L bacteria
o
platform

When the platform is raised the loops dip into the wells
containing bacteria. The plate with the wells is lowered and
replaced with an agar plate containing antibiotic. The platform
is raised again until the loops touch the agar surface. In this

way the agar plate is inoculated,
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column and developed usging O.HVI—NH3 solution, and 5ml fractiong
collected, the majority of neomycin appeared in fraction 14-19

and the 2-deoxystreptamine appeared in fraction 21 onwards.

2.9 Antibiotic detection using a staining technigue

The neomycins were detected on paper chromatograms using the
method described by Pan & Dutcher (1956). This method detects
amino and amide groups.

The paper chromatograms were air dried and sprayed with a
0.5% solution of sodium hypochlorite in water. When the chromato-
gram had dried it was sprayed with absolute ethanol. After this
had evaporated the chromatogram was sprayed with a solution con-
taining equal volumes of a 1% aqueous soluble starch solution and
a 1% aqueoug potassium iodide solution.

On spraying with the final solution the neomycins immediately

appear as deep blue spots against a colourless background.

2.170 Auntibiotic detection using a biocautogram

This method was used to detect active antibiotics on paper
chromatograms.

A gtrip lcem wide was cut from the chromatogram along the path
the migrating antibiotic had taken. This was cut into 4cm pieces
and placed on the surface of Oxoid diagnostic sensitivity testing
agar three mm in depth and containing 2.5% by volume of an over-
night culture of E. coli Bristol. The plates were incubated

overnight at 3700 and the zones of growth inhibition measgured.

2.11 Determination of antibiotic potency

Minimum inhibitory concentrations for antibiotics were deter-
mined using an agar dilution technique. A solution (4%) of diag-
nostic sensitivity testing agar was sterilized in a steam autoclave
at 103KPa for 15 minutes and cooled to approximately BOOC. Aqueous
golutiong of antibiotic were added to 10ml aliguots of the molten
agar which were then poured into sterile plastic petri dishes. When
the agar had solidified the plates were dried at 3700 for 2 hours.
The plateg were inoculated with organisms usging a multi-inoculator
(Diagram 2.2). Organisms suspended in glycerol (40%) were placed
in the wells of the multi-inoculator. The loops were sterilized

using 70% aqueous ethanol followed by flaming.
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The inoculated plates were incubated overnight at 37OC and then
examined for growth. The minimum concentration of antibiotic which
inhibited the growth of an organism is referred to as the minimum
inhibitory concentration (M.I.C.) for that organism.

The bacteria usged in the M.I.C. determination (Section 2.2)
were grown in Oxoid nutrient broth in a bijou bottle at 3700 and
an equal quantity of 80% agueous glycerol (sterilized for 15 minutes
at 103KPa) was added. The suspensions were stored in a deep freeze

at —ZOOC and required no further preparation before use.

2.12. Antibiotic agsays

These were carried out using a paper disc technique. 25»1 of
a solution of antibiotic to be tested wag applied to a Wnatman no.17
chromatography paper disc six mm in diameter which had been placed
on the surface of an 0Oxoid diagnostic sensitivity testing agar plate
seeded with 2.5% by volume of an overnight broth culture of E. coli
Brigtol. The plates were incubated at 37OC overnight and the
diameter of the zoneg of growth inhibition around the paper disc
measured. A plot of the diameter of the circular zone of growth
inhibition agains? the logarithm of the concentration of antibiotic
gave a straight line. 1

Standard solutions of neomycin were prepared in 0,.1M-phosvhate
buffer, pH7.9. The assay was used to measgsure antibiotic concentra-
tion between 32ug and Tmg neomycin sulphate/ml (1mg neomycin
sulphate is equivalent to 665pg neomycin base). Cultures containing
more than this were diluted using O.TM—phbsphate buffer.

In the neamine incorporation experiments (Chapter 5) the
antibiotic produced was less active than 32ug neomycin/ml and was
assayed using a well technique. Oxoid diagnogtic gengitivity
testing agar plates were prepared as in the disc assay above except
the agar was six mm deep. Using a 10 mm diameter cork borer, holes
were cut into the agar. O.1ml of the solution to be assayed were
added to the wells. The plates were incubated overnight and the
zones of inhibitlion measured as in the paper disc-type assay. In
these experiments the gtandard solutions contained both neomycin
and neamine. The sgtandard corresponding to zero conversion of
neamine into neomycin contained 50ﬂg neamine/ml and no neomycin.

The standard corresponding to 100% conversion of neamine into
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neomycin contained neomycin sulphate (100pg/ml) but no neamine.
Although neamine is an antibiotic SOpg/ml was not detected using

either the well or disc technique.

2.173 Riboge assay

The purity of the neomycins was determined by assaying their
ribose content using the procedure of Dutcher et.al. (1953). The
method is based on the observation that when neomycin is heated
with strong mineral acid, furfural is produced from the ribosgs
(ring III). The furfural is measured by the amount of absorption
at 280my.

The assay was carried out as follows. Either 0.5 or 0.25ml
(containing 180pg to 1.5mg) of a solution in water of neomycin
sulphate was made up to a total volume of 5ml with 40% aqueous
sulphuric acid in a boiling tube and heated in a boiling water
bath for 1.5 hours. After cooling the extinction of the solution
was meagured in gilica cells using a Unicam SP1800 ultra violet
spectrophotometer at 280mu.

A plot of the guantity of neomycin used against the extinction

at 28OQM produced gives a straight line.

2.14 Methanolysis of antibiotics

This was carried out using the procedure described by
Dutcher & Donin (1952).

1g of neomycin sulphate was added to 100ml of dry methanol
and sufficient methanolic hydrogen chloride (see Section 2.15) to
produce a final HCl concentration of approximately 0.35M. The
suspension was refluxed over an oil bath at 1OOOC for 2.5 hours,
filtered hot through Whatman no. 1 filter paper and the filtrate
cooled in an ice bath. 40ml of anhydrous diethyl ether was added,
this producing a white precipitate of neamine (or deoxyneamine
from deoxyneomycin). The precipitate was collected on a glass-
gecinter filter covered with a 5mm layer of Celite hyflo super gel.
The precipitate was washed with cold methanol, dissolved in water
and filtered, and finally evaporated to dryness.

Typically this gave a yileld of approximately 200mg of
neamine hydrochloride.

This methanolysis procedure, scaled down as necessary, was
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used to produce deoxyneamine from deoxyneomycin.

The procedure for the methanolysis of radiocactive neomycin,
deoxyparomomycin and paromomycin was similar to that described above
except isolation of the products was carried ocut using paper chroma-
tography. A typical reaction mixture contained 16mg deoxyparomomycin
and 5ml of 0,35M-HC1l in methanol. This was refluxed for 2.5 hours
at 10000 and the reaction mixture dried using a rotary evavporator.
The regidue was disgsolved in water and dried again. This was
repeated to remove all traceg of HCl. The residue was finally dis~
solved in water and chromatogrammed on Whatman 3MM paper using
MeOH/NH3 solution (sp. gr. 0.88) (4:1, V/V). The products, detected
using the staining technique (Section 2.9), were eluted from the
paper using water. Typical Rf values for the products were neamine,
0.25; deoxyparomamine, 0.45; paromamine, 0.35; and methyl neobio-

saminide, 0.6.

2615 Preparation of methanolic hydrogen chloride

Dry methanol (100ml) was put into a 250ml round bottom flagk
and cooled in an ice bath. HC1 (gas) was bubbled through for
1.5 hours. HCl (gas) was obtained from either a cylinder or from
an HCl generator. The concentration of HC1 in the methanol was
determined by titration with 1M-NaOH. The golution was stored in

a round bottom flask with a ssaled stopper at 0°c.

2.16 DPreparation of radioactive neamines

a) The synthesis of {ring IwBH; ring II—BH] neamine

S. fradiae wild type (A.T.C.C.10745) was grown in Sebek
defined medium (Section 2.3) for three days and 2.5ml of the culture
was added to 50ml of Sebek complex medium (Section 2.3) in a2 500ml
Erlenmeyer flask. After three days incubation SQMCi of
D—[6—3H2] glucose (25/Lmoles) was added to the culture and after
a further two days, when antibiotic production was maximal, neo-
mycin was isolated (Section 2.6) and purified (Section 2.7).

%y

Usually 25 to 30mg of neomycin was produced. Incorporation of
into neomycin (generally labelled in rings I to IV) was 3 to 4%.
[ring I—BH; ring II—BH] neamine was prepared from the

generally labelled |ring I--H; ring TI--H; ring III-°H; ring IV- H]
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neomycin by a method involving methanolysis in methanolic HCI
followed by purification of the products using paper chromatography
(Section'2.14). The yield of neamine was usually 7.5 to 10mg. By
the method of preparation the neamine was 3H—labelled in both

rings I and II and is designated [ring I—BH; ring II~3H] neamine.

b) The synthesigs of [ring 1—140] neamine

The 2-deoxystrepitamine-idiotroph of S. fradiae (A.T.C.C.21401)
was grown in Sebek defined medium (Section 2.3) for three days.
Then 10mlL of this culture was transferrea to a 2-litre Erlenmeyer
‘flask containing 200ml of Sebek complex medium (Section 2.3). After
three days incubation a solution containing 50mg of 2-deoxystreptamine,
which had been sterilized for 15 minutes at 103KPa in a pressure
cooker, and BQ#Ci of D—[U—14C] glucose (25 moles) was added to the
culture. This was incubated for a further two days and the neomycin
extracted (Section 2.6) and purified (Section 2.7). This yielded
20 to 40mg neomycin. Neamine was produced as in Section 2.16a.
By the method of preparation this species of neamine is labelled

14 14

with C only in ring I and is designated[ring I- *¢] neamine.

14

c) The preparation of [ring I- C,BH; ring II~3H] neamine

Solutions containing [ring I—BH; ring II~3H] neamine and
[ring I—14C] neamine were mixed to give [ring 1—14C,3H; ring II—BH]

neamine.

2.17 Radioactivity measgurement

3H and 14C were assayed using a Philips liquid scintilation
analyser. Solutions in water of the samples containing radio-
activity were added to 10ml of scintilant. The scintilation fluid
contained zylene, 2 litres; synperonic NXP, 1 1litre; 2,5-diphenyloxazole,
12g; and 1,4-bis (4-methyl-5-phenyloxazol-2-yl) benzene, 0.89g. If

necessary the scintilant was clarified using water.

2.18 Electrophoresgis

Electrophoregis at pH3.5 was carried out using a Gilson high
voltage electrophorator, model D. The buffer contained pyridine:
acetic acid : water (1:10:280, by vol.). FElectrophoresis at pH?0.0
was carried out using a Locarte high voltage electrophorator. The
buffer contained 50ml triethylamine in water with the pH adjusted

to 10.0 using acetic acid.



2.19 N-acetylation

The method of lN-acetylation was based on the procedure of
Carter et al. (1961).

Neamine free base was prepared by passing 100mg neamine
hydrochloride in 10ml water through 4ml IRA400 regin in the hydroxyl
phase. The regin was washed with water and the eluates pooled and
evaporated to dryness. The product was suspended in 12ml methanol
and cooled in an ice bath. 4ml acetic anhydride was added and the
sugpensgion cleared. This was left at 0°¢c overnight and then poured
into 40ml of anhydrous diethyl ether. This produced a white
precipitate which was collected and dried.

Deoxyneamine and deoxyparomamine were N-acetylated using a

similar technique, scaled down as necessary.

2.20 Hydrolysis of N-acetyl compounds

The following method is based on the technigue reported by
Carter et al. (1961).

Tmg of N-acetyl compound was refluxed with 0.5ml of 2.5M-HCL
at 100°C for 10 hours. The HC1l was removed using suction and the
regidue diggolved in a minimum of water. The products were then

subjected to paper chromatography.
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Figure 3,1 The conversion of aminocyclitols into antibiotic by

deoxystreptamine-idiotrophs of antibiotic-gynthesizing organiom:
2

The following compounds were tested for their ability to support
antibiotic production (Section 2.5). 4 denotes antibiotic production

and - denotes no antibiotic production.
Compound (250g/ml) Antibiotic production
b S. fradiae S. rimosus 3, kanamyceticusg

2-deoxystreptamine

NHp
HO~ + +

HO NH>»

HO

2,4-dideoxystreptamine - + -

NH2
HO

HO NHZ

2,4,5~dideoxystreptamine + - -

NH2

HO
NH,
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Chapter 3

The biosynthesis of novel antibiotics

3.1 Introduction

Aminocyclitol-idiotrophs of amincglycoside-producing
organisms have been previously used to produce antibiotics in
which the natural aminoccyclitol is replaced by a synthetic ana-
logue. Thus 2-deoxystreptamine has been replaced by streptamine,
epi-gtreptamine, streptidine and 2,5-dideoxystreptamine in a num-
ber of antibiotics (Schier et al., 1969; Kojima & Satoh, 1973;
Testa & Tilley, 1975; Claridge et al., 1974; Taylor & Schmitz,
1976). Also the streptidine moiety of stréptomyoim has been
replaced by 2-deoxystreptidine using similar techniques (Nagaoka
& Demain, 1975).

This section is an account of the biosynthesis of novel

antibiotics of the neomycin and neamine type using a similar

approach.

3.2 The conversion of aminocyeclitols into antibiotics by

2-deoxvstreptamine-idiotrophs of antibiotic-synthesgizing

streptomyces

Using the technique described in Section 2.5 the compounds
shown in Fig. 3.1 and Fig. 3.2 were tegted for their ability to
support the production of antibioctic active against E. coli. Three
of the compounds were able to support antibiotic synthesis (Fig. 3.1).
Thus wnen the 2~deoxystreptamine-idiotrophs of neomycin- and
paromycin-producing organisms were grown in the pressnce of
2,4-dideoxystreptamine, antibiotic was produced. The 2-deoxystrep-
tamine~idiotroph of the neomycin-producing organism was also capable
of synthesizing antibiotic in the presence of 2,4,5-trideoxystreptamine,
whereasg the paromomycin-producing organism failed to do so. The
kanamycin-producing 2-deoxystreptamine-idiotroph only produced
antibiotic from 2-deoxystreptamine. The other two idiotrophs used also
produced antibiotic from 2-deoxvstreptamine. None of the compounds had
any effect on the antibiotic activity produced from 2-deoxystreptamine
except myo-inosose-2 (see Appendix for an account of the effect of

myo~inosose-2 on the neomycinsg).
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Figure 3.2 Structureg of aminocyclitols not able to support

antibiotic bicsynthesis

OH
HZN
CH 3O
HO OH
OH

2-0-methyl-1L-1-amino-1-
deoxy-myo-inogitol

OH
OH
HO
HO OH
OH

myo-inositol

OH
HoN
HO
HO OH
OH
1L-1-amino-1-deoxy-
myo-inositol
OH O
HO
HO OH

OH

myo-inosoge-2%

*Interpretation of results with myo-inosose-2 is difficult because
this compound inactivates neomycin and would probably inactivate

any antibiotic produced (see Appendix).
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Scheme 3.1 Reactions involved in deoxyneomycin degradation

(For the gsake of clarity only the B igomer is shown)

HZNHZ 5
H
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deoxyneamine

NHZ

i) MeOH, Ac 0
ii) HC1
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neogamine C 2,4—dideoxystreptamine
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3.3 The biogynthegis of deoxyneomycin

The experiments described below demonstrate that
2,4~dideoxystreptamine ig incorporated into a neomycin-type anti-
biotic such that it replaces 2-deoxystreptamine. The antibiotic

produced is thus deoxyneomycin (gtructure shown in‘Scheme 3.1).

a) Biosynthesis and igclation of deoxyneomycin

A sample of the antibiotic produced by the 2-deoxystreptamine-
idiotroph of S.fradise (A.T.C.C.21401) from 2,4-dideoxystreptamine
(QBOﬂg/ml) was prepared, extracted from the culture and purified as
described in Sections 2.4, 2.6 and 2.7. The chromatogrammed anti-
biotic, which was detected by staining (Section 2.9) and using a
biocautogram (Section 2.10) was eluted from the paper (Section 2.7)
with water and was dried using a rotary evaporator, this producing
a yellowish regidue. A%t no stage in the proceduré was the temperature
allowed to rise above SOOC.

As an alternative to purification using paper chromatography,
gel filtration chromatography was examined (Section 2.8). Crude
deoxyneomycin (50mg) eluted from the IRC-50 regin was applied to
the top of the column in Tml and eluted with O0.1M —NH3 solution.
2,4-dideoxystreptamine was eluted in fraction 35-41 and the anti-
biotic wag eluted in fractions 23-33 (fraction volume 3ml). The
fractions containing antibiotic were pooled and coucentrated using
a rotary evaporator.

The antibiotic could be geparated into two active components
by paper chromatography and the solvent t-butanol/butan-2-one/
methanol/6.5M —NH3

degignated deoxyneomycin B and deoxyneomycin C depending on their

solution (Table 3.7a). The components were

properties in comparigson to neomycin B and C. Thus deoxyneomycin B
migrated a greater distance from the origin in two different
chromotography conditions than did deoxyneomycin C. Deoxyneomycin B
was a more active antibiotic than deoxyneomycin C.

Although the Rf values for the B and C components are
differeant using ?’kﬁeOH/NH3 solution (sp. gr. 0.88) as solvent
(Table 3.1b) in practice chromatography with this solvent  is not
a satifactory way To prepare individual components because of

imperfect separation.
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Table 3.1 Chromatographic properties of deoxyneomycin

a) Deoxyneomycin was chromatogrammed on paper using the
golvent t-butanol/butan-2-one/methanol/6 .51 —NH3 golution
(3:16:1:6). The chromatogram was developed for T72hours.
Antibiotics were detected using the staining technique

(Section 2.9) and using a bicautogram (Section 2.10).

Compound Distance migrated (cm)
deoxyneomycin B 16
deoxyneomycin C 9

b) The components separated as above were eluted using
water and rechromatogrammed on paper using MeOH/NH3
solution (sp. gr. 0.88) (4:1, V/V). Antibiotics were

detected using the staining technique (Section 2.9).

Compound Rf value
neomycin B 0.25
neomycin C 0.165
deoxyneomycin B 0.29

deoxyneomycin C 0.21
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b) Bstimation of purity of deoxyneomycin

The purity of the deoxyneomycin complex purified on paper
was determined uging the ribose asgsay (Section 2.13) and by using
a radiochemical assay.

[BH]—deoxyneomycin was prepared from 2,4—[1—3H]dideoxy—
streptamine using the technique described in Section 2.4, with the
modification that 2,4-{1-3H]dideoxystreptamine (0.11xCi/mg, 1mg/ml)
wag added ag thes aminocyclitol supplement. From the gpecific radio-
activity of both the 2,4-dideoxystreptanmine and the synthssized
deoxyneomycin, it was possible to calculate the purity of the
deoxyneomycin, The results in Table 3.2 show that the radiochemical
and the ribose assay give gimilar values for the purity of deoxy-
neomycin. The chemical assay estimates the antibiotic to be 72%
deoxyneomycin and the radiochemical agsay estimates the antibiotic
to be 66% deoxyneomycin.

In order to determine the structure of the antibiotic the

following experiments were performed.

¢) Methanolysis of deoxyneomycin

Methanolysis of deoxyneomycin (100mg) (Section 2.14) gave
two products (A and B). The yield of deoxyneamine (product A) was
12.5mg and the yield of product B was 16mg. Chromatography showed
that methanolysis of both neomycin and deoxyneomycin gave two pro-
ducts (Table 3.3). Product B from deoxyneomycin methanolysig had
the same Rf value as product B from neomycin methanolysig, indi-
cating that it is possibly a mixture of methylneobiogsaminides
(Scheme 3.1). Product A from deoxyneomycin methanolysis had a
different Rf wvalue to that of product A from neomycin methanolysis
(neamine). These results are expected on the basis that the
difference between the two antibiotics is in that half of the

molecule containing ring IT.

d) Blectrophoresgis of product B from the methanolysis

of neomycin and deoxvneomycin.

Product B from the methanolysis of deoxyneomycin behaved in
a similar way, under various conditions of electrophoresis, to
product B from neomycin which is known to be a mixture of methyl-

neobiosaminides (Table 3.4). Prom this information and that



Table 3.2 Egtimation of purity of deoxyneomycin

[BH]udeoxyﬁeomycin was prepared and purified using the techniques
described in Section 2.4, 2.6 and 2.7. The purified deoxyneomycin

was analysed using the ribose assay (Section 2.13) and the specific
radicactivity wag determined by measuring the amount of 3H present

in a sample of purified deoxyneomycin (0.1ml of a solution

containing 17.5mg deoxyneomycin/ml).

a) Radiochemical assay

Compound Specific radiocactivity (dpm/ulol)
7
2,4 dideoxystreptamine 37,950

added to the medium
deoxyneomycin isolated o
from the medium 24,925

Therefore the antibiotic contains 66% deoxyneomycin.

b) Ribose assay

0.25ml of a solution containing 4.38mg of deoxyneomycin
produced the same quantity of furfural as 3.25mg neomycin.

Therefore the antibiotic contains 74% deoxyneomycin.
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Table 3.3 Chromatographic properties of the methanolysis

products from the neomycing

Approximately 250mg of each methanolysis product was chromato-
gramed for 4.5 hours using MeOH/NH3 solution (sp. gr. 0.88)

(4:1, V/V). The compounds were detected by staining (Section 2.9).

Starting material Rf value
neomycin 0.20
deoxyneomycin 0.25
Methanolysig product Rf vaiue
From neomycin: product A
. 0.25
(neamine)
product B
(methyl 0.6

neobiogaminide)

From deoxyneomycin: product A 0.35
product B 0.6
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Table 3.4 Blectrophoresis of product B from the methanolysis

of neomycin and deoxyneomycin

The product B of the methanolysis described in Section 3.3c was
purified by paper chromatography using MeOH/NH3 solution

(sp. gr. 0.88) (4:1, V/V). The compound with an Rf of 0.6 was
eluted and subjected to paper electrophoresis in two different
buffer systems (Section 2.18). Compounds were detected by staining

(Section 2.9).

a) Electrophoresis was carried out using 4,000 volts for

20 minutes in buffer pH3.5.

Compound Digftance migrated (cm)
Product B from neomycin 17.5 towards cathode
Product B from deoxyneomycin 17

b) Electrophoresis was carried out using 4,000 volts for

20 minuteg in buffer pH10.

Compound Distance migrated (cm)
Product B from neomycin 5 towards cathode

Product B from deoxyneomycin

The experiment described in b) above showed a non-migrating spot

from both compounds.
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obtained from chromatography it is probable that products B from neo-
mycin and deoxyneomycin are identical and are methylneoblosaminides,

these being produced from neoblosamine (see Scheme 3.1).

e) Mass spectrometry of product A from the methanolysis

of neomycin and deoxyneomycin

The mass spectra of the tetramethylsilyl derivatives of
products A from the methanolysis of neomycin (neamine) and
deoxyneomycin were gimilar except that two peaks in the spectrum
of neamine appeared 88 mass units lower, at m/e 255 and 372. This
decrease in mass would correspond to the loss of an —OSi(CHB)3
group in the tetramethylsilylated derivatives which corresponds
to the replacement of a hydroxyl group with a proton in the
original compound.

This confirms that the difference between neomycin and

deoxyneomycin lies in the rings I-II fragment, and that this

fragment of deoxyneomycin is probably a deoxyneamine.

£) The hydrolysis of deoxyneamine

Neamine and deoxynesmine were both exposed to N-acetylating
conditions (Section 2.19). The glycosgidic bond joining neosamine C
(ring I) to deoxystreptamine (ring II) is relatively stable to acid
hydrolysis. This is because the 2-amino group of neosamine C can
be protonated and thus provides an electrostatic shielding of the
glycosidic bond which inhibits protonation of the glycosgidic
oxygen. N-acetylation removes the basic amino-group adjacent to
the glycosgidic link by producing a neutral amide. Hydrolysis of
the glycosidic link is then posgsible (Rinehart, 1964).

The N-acetylated compounds were hydrolysed in 6N-HCl for
10 hours (Section 2.20) and then subjected to paper chromato-
grapvhy together with standards. The hydrolysis of neamine produced
a compound corresponding to 2-deoxystreptamine and the hydrolysis
of deoxyneamine produced a compound corresgponding to
2,4-dideoxystreptamine (Table 3.5). A compound with an Rf value
of 0.3 was produced from the hydrolysis of both compounds.

In these conditiong the N-acetyl group will be removed from
the compounds. The minor spot (Rf value 0.4) produced from the
deoxyneamine hydrolysis mixture was probably deacetylated starting

material.
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Table 3.5 Chromatography of the hydrolysis products from

neamine and depxyneamine

Compounds, hydrolysed in HCl as described in the text, were
chromatogrammed on paper for 4.5 hours using MeOH/NH3 solution
(sp. gr. 0.88) (4:1, V/V). Compounds were detected by staining
(Section 2.9).

Compound . Rf walue
deoxystreptamine 0.55
hydrolysed neamine i) 0.55

ii) 0.3

dideoxystreptamine 0.6
hydrolysed deoxyneamine i) 0.6
ii) 0.3

iii) (minor spot) 0.4
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Scheme 3.2 Reactiong involved in deoxyparomomycin degradation

(For the sake of clarity only the I isomer is shown)

CH,OH
deoxyparomomycin 2
HO 0 CHoOH NHz
HoNH,C kg:;;:;J
MeOH/HC1
HO 0 CH0H

methylneobiosaminide

CHon

deoxyparomamine
NHz

i) MeOH, Ac 0
ii) HC1

HZOH INH2
HO
O NH‘

D-glucosamine 2,4~dideoxystreptamine
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Thus the difference between neamine and deoxyneamine is
that the former contains 2-deoxystreptamine and the latter

2,4~dideoxystreptamine.

g) Antibacterial potency of deoxyneomycin

Using the technique described in Section 2.11, the anti-
bacterial potency of the deoxyneomycins and deoxyneamine against
various organisms was determined. The results in Table 3.6 show
that the deoxyneomycin complex has a similar antibacterial spectrum
to, but is slightly lesgss active than neomycin, although deoxy-
neomycin C is more potent than neomycin C. Deoxyneamine ig also

an antibiotic but is weak compared with neamine. (Table 3.13).

3.4 The biogynthegis of deoxyparomomycin

The experiments desgscribed below demonstrate that
2,4-dideoxystreptamine is incorporated into a paromomycin-type
antibiotic such that it replaces 2-deoxystreptamine. The anti-
biotic produced is thus deoxyparomomycin (structure shown in

Scheme 3.2).

a) Biosynthesis and isolation of deoxyparomomycin

A gample of the antibiotic synthesized by the

2-deoxystreptamine-idiotroph of S.rimosug forma paromomycinug in

the presence of 2,4-dideoxystreptamine (ESOPg/ml) wag prepared,
extracted and purified uging the technigues described in Section
2.4, 2.6 and 2.7. The antibiotic was separated by further paper
chromatography into two components (Table 3.7a).

The components were desgsignated deoxyparomomycin I and
deoxyparomomycin IT depending on their propertieg in comparison to
paromycin I and II. Thus deoxyparomomycin I migrated a greater
distance from the origin in two different chromatography conditions
than did deoxyparomomycin II. Deoxyparomomycin I was a more active
antibiotic than deoxyparomomycin ITI.

Although the Rf values for the I and II components were
different using MeOH/NH3 solution (sp. gr. 0.88) as solvent
(Table 3.7b) in practice this technique is not a satisfactory way to
prepare individual components because of imperfect separation.

The following experiments were carried out in order to

determine the structure of the antibiotic,
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Table 3.6 Antibacterial potency of deoxyneomycing

The minimum inhibitory concentrations (M.I.C.) of the

deoxyneomycin components and neomycin components (prepared from

mixtures of the relevant antibiotic using paper chromatogravhy as

described in Table 3.1a) against the organisms listed below were

determined using the technique described in Section 2.11.

The

deoxyneomycin mixture was 50% pure (see Section 2.13 for method)

and the results for this antibiotic mixture have been corrected

accordingly.

Organism

mixture
E. coli PT1 0.62
E. coli PT2 >80
E. coli W3110 2.5
P. mirabilig PT3 1.25
S. aureus PT4 > 80
S. aureus PT5 > 80
S. aureus PT6 0.62
P. aeruginoga PT7 80
S. sonnei C631-978 80
S. typhimurium LT?2 2.5
E. coli K-12 ML1629 » 80
E. coli K-12 ML1410 y 80
E. coli JR66/W699 Y80
P. aeruginosa H9 »80

neomycin

2.5
1.25
»80
»80
0.62
80
40
2.5
>80
>80
»80

»80

M.I.C. (ug/ml)
7

>80
40
10
280
>80
80
>80
>80
40
>80
280
>80

»80

deoxyneomycin

mixture B

1.25 2.5
y80 »80

1.25 1.25

2.5 5
»80 »80
180 >80

2.5 2.5
80 80
)80 >80

5 5
>80 >80
»80 >80
780 »80
%80 »80

180

80

y 80
»80
20
»80
»80
20
» 80
»80
»80

>80
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Tavle 3.7 Chromatographic propertieg of deoxyparomomycin

a) Deoxyparomomycin was chromatogrammed on paper for 72 hours
using the solvent t-butanol/butan-2-one/MeQH/6.5M —NH3
golution (3:16:1:6, by vol.). Compounds were detected
using the staining method (Section 2.9) and using a

biocautogram (Section 2.10).

Compound Digtance migrated (cm)
deoxyparomomycin T 20
deoxyparomomycin IT 11

b) The components separated as above were eluted and
rechromatogrammed for 4.5 hours using MeOH/NH, solution
-
(sp. gr. 0.88) (4:1, V/V). Antibiotics were detected

using the staining method (Section 2.9).

Compound Rf value
paromomycin I 0.3
paromomycin II 0,22
deoxyparomomycin T 0,34

deoxyparomemycin IT 0.275
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b) Methanolysis of deoxyparomomycin

Deoxyparomomycin (16mg) was refluxed in methanolic HC1
(Section 2.14). The product was subject to paper chromatography.
Prom the results (Table 3.8) it can be ssen that one common
fragment is produced by the methanolysis of paromomycin and
deoxyparomomycin (product B) and this corresponds to methylneobio-
saminide. The other fragment ig different; paromamine migrates
with an Rf value of 0.35 whereas the corresponding compound from

deoxyparomomycin has an Rf value of 0.45.

¢) Electrophoresis of product B from the methanolysis

of paromomycin and deoxyparomomycin

Product B from the methanolysis of deoxyparomomycin behaved
in a similar way, under various conditions of electrophoresis, %o
product B from paromomycin which is known %o be a mixturs of
methylneobiosaminides (Table 3.9). From this information and that
obtained from chromatography it seems probable that products B
from paromomycin and deoxyparomomycin are identical and are
methylneobilosaminides, these being produced from neobiosamine

(see Scheme 3.2).

d) The hydrolysis of deoxyparomamine

Product A from deoxyparomomycin methanolysis was shown to be
deoxyparomamine by the following experiment.

Deoxyparomamine (bmg) was N-acetylated (Section 2.79) and
hydrolysed in 6N HC1 (Section 2.20). The hydrolysate was subjected
to paper chromatography together with standards. Chromatography of
the hydrolysate produced only one spot (Table 3.10) which has an
Rf value gimilar to 2,4-dideoxystreptamine and D-glucosamine. It
was concluded that subunits I and 11 were probably D-glucosamine

and 2,4-dideoxystreptamine respectively.

e) Antibacterial potency of deoxyparomomycin

Using the procedure described in Section 2.11 it was shown
that deoxyparomomycin was a less active antibiotic than paromomycin

(Table 3.11).
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Table 3.8 Chromatographic properties of the methanolysis

products from the paromomycins

Antibiotice were subject to methanolysis as described

(Section 3.4b). The residue produced when the methanol and HC1
were removed wag applied to paper and developed for 4.5 hours
using MeOH/NH3 solution (sp. gr. 0.88) (4:1, V/V). Compounds

were detected using the staining technique (Section 2.9).

Starting material Rf value
paromomycin 0.25
deoxyparomomycin 0.30
Methanolysig products Rf value
from paromomycin; product A 0.35
(paromamine) oe
product B
(methylneobio- 0.6
saminides)
from deoxyparomomycin; product A 0.45

product B 0.6
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Table 3.9 FElectrophoresgis of product B from the methanolyvsisg

of paromomycin and deoxyparomomycin

The products B from the methanolysis described in Section 3.4b
were purified on paper using the solvent MeOH/NH3 solution

(sp. gr. 0.88) (4:1, V/V). The compound with an Rf of 0.6 was
eluted and subjected to paper electrophoresis in two different

buffer systems (Section 2.18). Compounds were detectsd by staining

e
(Section 2.9).

a) Electrophoresig was carried out using 4,000 volis for

20 minutes in buffer pH3.5.

Compound Distance migrated (cm)
product B from paromomycin 17.0 towards cathode

product B from deoxyparomomycin 17.5

b) Electrophoresis was carried out using 4,000 volts for

20 minutes in buffer pHI0.

Compcund Distance migrated (cm)
product B from paromomycin 4.5 towards cathode
product B from deoxyparomomycin 4,0

The experiment described in b) above showed a non-migrating spot

from both compounds.
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Table 3.10 Chromatography of the hydrolysgis products

Trom deoxyparomamine

N-acetyl deoxyparomamine was hydrolysed as described in the
text and the hydrolysate chromatogrammed for 4.5 hours using
MeOH/NH3 solution (sp. gr. 0.88) (4:1, V/V). Compounds were

detected using the staining technique (Section 2.9).

Compound Rf wvalue
deoxyparomamine hydrolysate 0.63
D-Glucosamine (ring 1) 0.64
2,4-dideoxystreptamine (ring II) 0.63

Table 3.12 Chromatographic properties of dideoxyneamine

The antibiotic preoduced by S. fradiae in the presence of
2,4,5-trideoxystreptamine (Section 3.5) was chromatogrammed on
paper for 4.5 hours using MeOH/NH3 solution (sp. gr. 0.88)
(4:1, V/V). The antibiotic was detected using the staining

technique (Section 2.9) and using a bioautogram (Section 2.10).

Compound Rf value
2,4,5-trideoxystreptamine 0.65
antibiotic (dideoxyneamine) 0.45

deoxyneamine 0.35
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Table 3.11 Antibacterial potency of deoxyparomomycin

The minimum inhibitory concentrations (M.I.C.) of the
deoxyparomomycin components and the paromomycin components
(prepared from the mixture using paper chromatography as described
in Table 3.7a) against the organisms listed below were determined

using the technique describsd in Section 2.11.

Organism M.I.C. gkg/ml)
paromomycin deoxyparomomycin

I IT I IT"
E. coli PT1 2.5 20 20 Y40
E. coli PT2 Y80 »80 ¥80 )40
E, coli W3110 1.25 10 10 40
P. mirabilig PT3 0.65 2.5 5 10
8. aureus PT4 »80 »80 Y80 40
S. aureus PT5 Y80 )80 80 740
3. aureus PT6 2.5 20 >80 > 40
P. aeruginosa PT7 »80 ¥80 )80 > 40
8. sonnei C631-978 »80 »80 780 Y40
S. typhimurium LT2 10 40 40 Y40
E. coli K-12 ML1629 >80 »80 280 y40
E. coli K-12 ML1410 »80 280 >80 40
B. coli JR66/W599 »80 »80 280 740
P. aeruginosa H9 »80 )80 >80 240

*Deoxyparomomycin II was tested only up to a concentration of 4qu/ml.
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3.5 The biogynthegis of dideoxyneanmine

0
If 2,4,5-trideoxystreptamine is incorporated into a
neamine~type antibiotic such that it replaces 2-deoxystreptamine,
the compound produced will have the structure shown in Pigure 6.3
Ingufficient starting material was available to be able to produce
enough antibiotic to characterize it to the same degree as the

other deoxyaminoglycosideg.

a) Binsynthesis and isoclation of dideoxyneanine

A sample of the antibiotic synthesized by the 2~
deoxystreptamine-idiotroph of S.fradize in the pressnce of
2,4,5~-trideoxystreptamine (250ﬁg/ml) was isolated and purified as
described in Sections 2.4, 2.6 and 2.7. Chromatographic properties

of the antibiotic are given in Table 3.12.

b) Antibacterial potency of dideoxyneamine

The antibacterial potency of the compound was determined
using the technigque described in Section 2.11. The results are
presented in Table 3.13. As can be geen the compound is not such
a potent antibiotic ag neamine, which ig itself inferior 1o
neomycin, and 1t has a similar activity spectrum to that of

neamine,
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Table 3.13 Antibacterial potency of deoxyneamine and dideoxyneamine

The minimum inhibitory concentrations (M.I.C.) of neamine
and deoxyneamine (prepared as described in Section 2.14), and
dideoxyneamine (prepared as described in Section 3.5a) were

determined using the technique described in Secfion 2.717.

Organism M.I.C. g}g/ml)
neamine deoxyneamine dideoxyneamine
E. coli PT1 40 80 80
E. coli PT2 Y80 >80 Y80
BE. coli W3110 40 80 80
P. mirabilis PT3 20 40 40
S. aureus PT4 Y80 0 Y80
S. aureus PT5 580 y80 Y80
S. aureug PT6 20 80 80
P. aseruginosa PT7 Y80 Y80 Y80
S. sonnei €631-978 80 80 780
S. typhimurium LT2 20 >80 N.D.
E. coli K-12 ML1629 »80 N.D. >80
E. coli K-12 ML1410 >80 N.D. ’80
E. coli JR66/W699 )80 N.D. >80
P. aeruginosa H9 280 N.D. »80

N.D. represents not determined.
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Figure 4.1 The structureg of 4- and S—O—ﬁ -ribosyl-
2,6-dideoxystreptamine

OH  OH

0 NH>
CH,OH 0

HO NH

4—Q—ﬁ -ribogyl-2,6-dideoxystreptamine

NH->

WA
CH,0H 0 NH)

0

OH OH

S—Q—P -ribosgyl-2,b~dideoxystreptamine
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Chapter 4

The conversion of 2,6-dideoxystreptamine

ribogides into antibiotics

4.1 Introduction

The biosynthesis of neomycin by S. fradiae may involve an
intermediate consisting of rings II-IIT (see Section 1.7). This
chapter is an account of an attempt to determine the sequence of
subunit assembly of neomycins using an analogue of the possible
intermediate congisgting of rings II-III, This was examined for its
ability to support the biosynthesis of an active antibiotic by
2-deoxystreptamine-idiotrophs of aminoglycoside-producing
organisms.

It has been suggested that aminocyclitol-glycosides
(consisting of rings I-1I1 of an aminoglycogide antibiotic) may be
converted into antibiotic by 2-deoxystreptamine-idiotrophs via
hydrolysis, releasing aminocyclitol which can then be incorporated
into antibiotic (Rinehart & Stroshane, 1976). This chapter is
algo an account of a demonstration of antibiotic biosynthesis by

such a mechanism.

4.2 Antibiotic production in the presence of

2,b-dideoxystreptamine-ribosides

From Table 4.1 it can be seen that while 2-deoxystreptamine-
idiotrophs of both neomycin- and paromomycin-producing organisms
produced antibiotic when grown in the presence of 4-Q—ﬁ -ribosyl-
2,6-dideoxystreptamine (Fig. 4.1), neither organism is capable of
producing antibiotic in the presence of 5-0- B -ribosyl-2,6-
dideoxystreptamine (Fig. 4.1). It was also found (Table 4.1) that
2-deoxystreptamine-idiotrophs of neomycin- and paromomycin-producing
organisms produced compounds with antibacterial activity when grown
in the presence of 2-deoxystreptamine and BﬁQ—ﬂ ~-ribosyl-2,6-
dideoxystreptamine. This demonstrates that the latter compound
does not inhibit antibiotic production. The 2-deoxystreptamine-
idiotroph of the paromomycin-producing organism was algo capable

of converting deoxyneamine into antibiotic.
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Table 4.1 Antibiotic production in the presence of

2,4-dideoxystreptamine derivativesg

The following compounds were tegsted for their ability to

support antibiotic production (Section 2.5).

Compound Antibiotic production by
2-deoxystreptamine-idiotrophs

(zone of inhibition; mm)

S. fradiae S. rimosus forma
paromomycinus
_ i hoav] oD fdid .
4-0-f-ribosyl-2,6-dideoxystreptamine 53 o5
(250pg/ml)
5—O~ﬁ—ribosyl—2,6~dideoxystreptamine
- 0 0
(250pmg/ml)
2-deoxystreptamine (12§Ng/ml) 43 40
2-deoxystreptamine (12§ﬂg/ml) plus
5-0-P-ribosyl-2,6-dideoxystreptamine 40 37

(75mg/ml)
deoxyneamine (ZSQ#g/ml) 0 25
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4.3 Antibiotic biosvnthegis by a 2-deoxystreptamine-idiotroph

of 8. fradiae during gcrowth with 4-0- B ~ribogyl-

2.6-dideoxystreptamine

When the 2-deoxystreptamine-idiotroph of 3, fradiase was grown
in Sebek complex medium (Section 2.3) supplemented with
4-0- B -ribosyl-2,6-dideoxystreptamine (125xg/ml), antibiotic was
produced, the final activity being approximately equal to
SQ#g deoxyneomycin/ml (Section 2.4).

The following experiments were performed to characterize the

antibiotic.

4.4 Chromatographic properties of the antibicotic

The antibiotic (produced as described in Section 2.4) was
extracted from the culture (Section 2.6) and purified using paper
chromatography (Section 2.7). The antibiotic was detected using
the staining technique (Section 2.9) and using the biocautogram
(Section 2.10). The Rf value was similar to that of deoxyneomycin
(Table 4.2a).

Paper chromatography of the antibiotic developed with
t-—bu’canol/butan—z-one/methanol/6.SM—NH3 (3:16:1:6, by vol.) demon-
gtrated that the antibiotic contained at least two components (for
Rf values see Table 4.2b), both possessing antibacterial activities
and corresponding to the positions of deoxyneomycin components C
and B. Furthermore purified antibiotic B components from deoxy-
neomycin and from the antibiotic derived from 4~Qe/3~ribosyl—
2,6-dideoxystreptamine migrated together when re-chromatogrammed
(Table 4.3), as detected using the bioautogram and staining method.
Both antibiotics have equal potency (Section 4.8) therefore if the
chromatography had separated the B components there should be two
peaks of antibacterial activity of similar magnitude. The small
peak of antibiotic present in the biocautogram at 5cm from the
origin ig probably due to the presence of small quantitiesg of

component C.

4.5 Electrophoretic properties of the antibiotic

Electrophoresis of -the antibiotic in pH3.9 buffer showed that
the antibiotic derived from 4-0-j3 -ribogyl-2,6-dideoxystreptamine

migrated with deoxyneomycin (Table 4.4).



Table 4.2

-83-

Chromatographic propertieg of ths antibiofic

a)

b)

Purified antibiotics (ZBOﬂg) were chromatogrammed for
4 hours on paper using MeOH/NHB—solution (sp. gr. 0.88).

Compounds were detected by staining (Section 2.9).

Compound Rf value
deoxyneomycin 0.2

antibiotic produced from
4-0- B -ribosyl-2,6- 0,2
dideoxystreptamine

Purified antibiotics (ZSQAg) were chromatogramed on

paper for 60 hours using t-butanol/butan-2-one/methanol/

6.5M-NH
PRt 5

detected using the staining method (Section 2.9). The

gsolution (3:16:1:6, by vol.). Compounds were

two components from both antibiotics were shown to be

active using a bioautogram (Section 2.10).

Compound Distance migrated (cm)
deoxyneomycin A 13
B 21

antibiotic produced from
4-0~ 3 -ribosyl-
2,b-dideoxystreptamine; A 13

B 24
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Table 4.3 Co-chromatography of antibiotic B components

The faster migrating component (B) of deoxyneomycin and the
antibiotic from the precursor 4—97{3—ribosyl—Z,b—dideoxystreptamine
were eluted from a paper chromatogram which had been developed as
degcribed in Table 4.2b. 25ng aliquots of each antibiotic com-
pornent were applied to the same spot on a paper chromatogram which

was developed ag described in Table 4.2b for 72 hours.

a) Compounds detected by staining (Section 2.9)

Compound Digtance migrated (cm)
deoxyneomycin B 10.5

B component of antibiotic
derived from 4-0-P -ribosyl- 10.5
2,6~-dideoxystreptamine

mixture of the two antibiotics
10.5
above

b) Biocautogram of chromatogrammed mixture (Section 2.10)

20+
zone of
inhibition 107
(mm)
T H i
0 5 10 15

distance from origin (cm)
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Table 4.4 Electrophoretic properties of the antibiotic

Antibiotics (ZBO#g) were subjected to paper electrophoresis
for 45 minutes using 2,000 volts in pH3.9 buffer (Section 2.18).

Compounds were detected using the staining method (Section 2.9).

Compound Distance migrated

deoxyneomycin 11.5cm towards cathode

antibiotic derived from

4—Q-? ~-ribosyl-2,6-dideoxystreptamine 11.5cm towards cathode
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4.6 Ribosge content of the antibiotic

Antibiotic (0.5ml) in aqueous solution was assayed for ribose
using the technique of Dutcher et al. (Section 2.13). In terms of
ribose concentration a solution containing 10mg of deoxyneomycin/ml
was equivalent to a solution containing 5mg of neomycin /ml, and
a solution containing 10mg of antibiotic derived from 4~Q—ﬁ -
ribosyl-2,6-dideoxystreptamine was equivalent to a solution
containing 4.8mg of neomycin/ml. Thus the antibiotic derived ffom
4—&%)3—ribosyl—Z,6—dideoxystreptamine contains 98% of the ribosge

content of deoxyneomycin.

4.7 Wefhanolvgig of the antibiotic

The antibiotic was subjected to methanolysis followed by
chromatography (Table 4.5). It was demonstrated that the Rf values
of the methanolysis products from the antibiotic are the same as

those obtained from the methanolysis products of deoxyneomycin.

4.8 Antibacterial potency of the antibiotic

Using the technigue described in Section 2.11 the antibiofic
potency of the B components of the compound derived from
4ﬁg~ﬁ-aribosyl—Z,6—dideoxystreptamine was shown to be very similar
to the antibiotic potency of the corresponding deoxyneomycin compo-
nent (Table 4.6), differing in only two cases. Thig last observa-
tion could bhe due to slight impurities in the components from the

former antibiotic.
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Table 4.5 Chromatography of methanolvsis products from

the antibiotic

Antibiotic derived from 4—Q—ﬁ ~ribosyl-2,6-dideoxystreptamine
(1mg) was subject to methanolysis (Section 2.14) followed by paper
chromatography of the productg for four hours using MeOH/NH3
solution (sp. gr. 0.88) (4:1, V/V). Compounds were detected using

the staining method (Section 2.9).

Methanolvsis products Rf value

from deoxyneomycin; A
B " 0.7

from antibiotic derived from 4-0-f -
ribosyl-2,6-dideoxystreptamine; 4

B 007
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Table 4.6 Antibacterial potency of the antibiotic

Using the technique described in Section 2.11, the anti-

bacterial potenciesg (Minimum inhibitory concentration, M.I.C.) of

deoxyneomycin B and the corresponding component of the antibiotic

produced from 4—Q—ﬁ -ribogyl-2,6-~dideoxystreptamine were

determined.

Tegt organism

coli PT1
coli DPT2

mirabilis PT3

aureus PT4

aureus PT5

It oo o Y e jo
° -3

aureus PT6

aeruginosga PT7

typhimurium LT2

= = o

coli K-12 ML 1629

coli K-12 ML 1410

coli JR66/W6TT7

aeruginoga H9

deoxyneomycin B

2.5

M.I.C. Sﬂg/ml)

component B from antibiotic
produced from 4—Q-ﬁ -ribosyl-
2,6-dideoxystreptamine

2.5
> 80
10
> 80
> 80
2.5
> 80
10
> 80
» 80
»80
»80
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Chapter 5

The convergion of neamine into neomvein by

a Streptomyces gvecies

5.1 Introduction

It is probable that 2-deoxystreptamine (ring II of neomycin)

exists as a free intermediate during neomycin biosynthesis (see
Section 1.7) and that this is then glycosylated at positions 4 and
5 by rings 1 and rings III or ITII-IV regpectively. There 1g little
evidence in favour of either mechanism although Rinehart (1964) and
Falkner (1969) have both proposed routes for neomycin biosynthesis
involving the intermediacy of neamine (see Section 1.7).

This chapter is an account of the conversion of neamine

intact into an antibiotic by Sireptomyceg rimosgug forma paromomycinusg.

Thig antibiotic was subsequently shown to be neomycin but in earlier

experiments ig referred to as antibiotic.

5.2 The biogynthegis of antibiotic from neamine

a) Biosynthesis of antibiotic during growth on solid medium

When a 2-deoxystreptamine-idiotroph of S. rimosug forma

paromcmycinusg was grown on nutrient agar in the presence of neamine,

antibiotic was produced (Table 5.1). By contrast, 2-deoxystreptamine-

idiotrophs of S, fradiae and S. kanamvceticug both failed to produce

antibiotic under similar conditions. The reason for thig is not

obvious and is discussed later (Section 6.5 ). The growth of all

three Strepltomyces was inhibited by Wogug of neamine/ml of the

incubation medium.

b) Biosynthegis of antibiotic during growth in liocuid medium

Table 5.2 ghows the result of an experiment in which the

2-deoxystreptamine-idiotroph of S. rimosus forma paromomvecinusg was

grown in liquid medium in the presence of neamine. It is seen that
neamine itself at concentrations of 100ﬂg/ml shows antibiotic
activity. While there wag no initial antibiotic activity in the
broth with BQMg/ml or less of neamine, after 5 days incubation
antibacterial activity was present, antibiotic production being
optimal using 59Mg neamine/ml medium. The results presented in
Table 5.3 demonstrate that antibiotic activity was at a maximum

after 5 days incubation and decreased after 6 days incubation.
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Table 5.1 The biosynthesgis of antibiotic from neamine during

growth on solid medium

The conversion of neamine into antibiotic by various
2-deoxystreptamine-idiotrophs was examined using the technigues

described in Section 2.5. The organisms are described in Section 2.2.

Compound added Zone of growth inhibition produced (mm)

S.fradise S.rimosus forma S.kansmyvcelticus

paromomyvcinug
none 0] 0 0]
deoxystreptamine (25ng/ml) 4 33 37
neamine (SQMg/ml) 0 31 0

neamine (TOQMg/ml) no growth no growth no growth
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Table 5.2 The bicgvnthegig of antibiotic from neamine during

growth in liguid medium

The 2-deoxysgtreptamine-idiotroph of the paromycin-producing

organism, S. rimosug forma paromomycinug, was grown in liquid
medium (Section 2.3) for three days. 2.5ml of this culture was
used to inoculate 50ml of gimilar medium containing neamine in =
500ml Erlenmeyer flask. This was incubated as described in
Section 2.3. Sampleg of the culture were removed at the intervals
indicated and the antibiotic activity assayed using the procedure

degcribed in Section 2.12.

) Increase in
Neamine ml ntibiotic activity* | TEmS————
2 S“g/ ) 4 = 2e. L antibiotic activity

Initial TFinal (after 5 days)

0 0 o | 0
10 0 0-4 O-4
20 0 4. 4.
30 0 7.5 7.5
40 0 11 11
50 0 14 14
100 9 11 2
250 20 20 O

*antibiotic activity is expregsed in terms of activitfy

equivalent to /Lg of neomycin/ml medium.
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Table 5.3 Time course of antibiotic production from neamine

The 2-deoxystreptamine~idiotroph of S. rimosus forma

paromomycinus was grown for seven days in the presence of neamine

hydrochloride (SQMg/ml medium). Samples were removed from the
culture daily and agsayed for antibiotic. Details of methods are

in Section 2.4 and 2.11.

Incubation period (days) Antibiotic (equivalent to;;v neomycin/ml)
0 O
1 5
2 10
3 12
4 15.5
5 20
6 20

15.5
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The reason for this decrease is not known but it ig a common

occurrence in antibiotic~producing cultures (for example see

Wagman et al., 1973)

5.3 Isolation of antibiotic and its geparation into two

active components

The 2-deoxystreptamine-idiotroph of 3. rimosus forma paromo-
mycinus was grown in the presence of neamine (50pug/ml) (Section 2.4)
and the resulting antibiotic was extracted and purified as described
in Sections 2.6 and 2.7. The purified antibiotic was rechromato-
grammed with standard neomycin. The results presented in Table 5.4
show that the biocsynthesized antibiotic migrated the same distance
as the standard neomycin,

A sample of the antibiotic was separated by further chroma-
tography into two components; tThese corresponded to neomycins B
and C as detected by staining and antibacterial activity (Table 5.5).
The antibiotic activity associated with component C in the mixture
was less in the cage of the antibiotic derived from neamine than
in the commercial sample of neomycin.

These results suggest the antibiotic synthesized from neamine

is neomycin. The following experiment confirms this.

5.4 lMethanolyvsig of the antibiotic

A sample of the antibiotic produced by the 2-deoxystreptamine-

idiotroph of S. rimosus forma paromomyvcinug supplemented with

neamine (SQMg/ml) was subjected to methanolysis followed by paper
chromatography (Table 5.6). The results demonstrate that both of
the methanolysis products from the antibiotic have gimilar chroma-
tographic properties to the corresponding methanolysis products
from standard neomycin, but that neither product migrates with
paromamine which is one of the methanolysis products obtained from
paromomycin,

It is concluded that the antibiotic produced from neamihe in
the experiments above is a2 mixture of neomycin B and C.

It is possible, however, that neomycin was synthesized from
neamine via a hydrolysis mechanism in which neamine was cleaved to
produce free 2-deoxystreptamine which was then incorporated into a

neomycin-type antibiotic. Alternatively neamine may be cleaved and
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Table 5.4 The chromatogravhic vroperties of the antibiotic produced

from neamine by S. rimosus forma paromomycinug

The antiblotic produced by the 2-deoxystreptamine-idiotroph

of S. rimosug forma paromomycinus in the presence of neamine

(SOMg/ml) (described in Section 2.4) was extracted and purified as
described in Section 2.6 and 2.7. The purified antibiotic was
eluted from the first chromatogram with water and subjected to
paper chromatography with standard neomycin usingzMeOH/NH3 solution
(sp. gr. 0.88) (4:1, V/V) as solvent and developing the chromato-
gram for 7 hours. Approximately ZSOﬂg of each compound was applied
to the paper. The antibiotics were detected as described in

Section 2.9.

Compound Digtance migrated relative to neamine
neamine 1
neomycin 0.55
paromomycin 0.77
antibiotic synthesized 0.52

from neamine
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Table 5.5 The geparation into components of the antibiotic produced

from neamine by the ?2-deoxystreptamine-idiotroph

of S. rimosus forma paromomycinus

2500g aliquots of the purified antibiotic, synthesized from
neamine as described in Table 5.4, and neomycin standards were
subjected to paper chromatography developed for 72 hours using the
solvent t-butanol/butan-2-one/6.5M-NH
(3:16:6:1, by vol.).

The antibiotics were detected using the staining method

colution/methanol

3

(Section 2.9) and by bioautography (Section 2.10).

a) antibiotic detected by staining

Compound Distance migrated (cm)
neomycin B 11
neomycin C 6

antibiotic derived
from neamine 1) 10

2)

b) antibiotic detected using a biocautogram

_____ antibiotic derived from neamine

— neomycin

10 ~

zone of
inhibition 5 -

(mm)

distance from origin (cm)
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Table 5.6 Methanolysis of the antibiotic

Purified antibiotic synthesized from neamine by the

2-deoxystreptamine-idiotroph of 5. rimosus forma paromomycinus

(see Table 5.4) was subjected to methanolysis (Section 2.14).

The products of methanolysis were subjected to paper chromatography
developed for 4 hours using MeOH/NH3 solution (sp. gr. 0.88)

(4:1, V/V). Compounds were detected using the staining method

(Section 2.9).

Compound Rf value
antibiotic derived from neamine 0.2
0.2

neomycin

methanolysis products from antibiotic

derived from neamine 1) 0.25

2) 0.7

neamine 0.25
methyl necbiosaminide 0.7

paromamine 0.4
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then resynthesized prior to conversion into neomycin.
The following radiocchemical experiments were designed to

confirm that neamine is converted into neomycin intact.

5.5 The conversion of radioactive neamine into neomycinsg

The experiment described in Section 5.3 was repeated using

14 3

neamine containing C and “H in ring I, and BH only in ring II.

This latter neamine is designated {ring I—T4C,BH; ring II—BH] neamine
(for details of the preparation of this compound see Section 2.16).

The double labelled neamine was incubated with the
2-deoxystreptamine-idiotroph of the paromomycin-producing organism
for 5 days in liquid culture, and at the end of this period the
antibiotics were extracted from the broth and separated using paper
chromatography. The areas corresponding to neamine, neomycin B and
neomycin C were eluted and the radicactivity and antibiotic activity
determined in each sample. The regults in Table 5.7 show that
neamine, and the compounds corresponding to neomycin B and neomycin C
all have gimilar 3H:MC ratios, suggesting that neamine is
incorporated intact into the neomycins.

Neomycin was biosynthesized from a mixture containing equal
amounts of the double-labelled neamine and non-radiocactive 2=deoxy-
gtreptamine. Once again the 3H:MC ratios of the precursor neamine
and the antibiotic produced were almost identical (Table 5.8) con-
firming that neamine ig incorporated intact and not via a

hydrolysis-resynthesis mechanigm.

5.6 The distribution of radioactivity in neomycin biosynthegized

from radioactive neamine

To show that neamine was incorporated into rings I-I1 of
neomycin the following experiment was performed.

The double-labelled neamine was incubated with the
2~deoxystreptamine-idiotroph of the paromomycin-producing organism
and the neomycin produced was isolated and purified. A sample of
the latter was subjected to methanolysis followed by chromatography.

14 3

The majority of the C and “H isolated from the chromatogram was

associated with neamine (Table 5.9). During this biosynthesis and
degradation procedure no change in the 3H:HLC ratio of the precursor
neamine and that obtained from the degradation of neomycin was

observed (Table 5.10).
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Table 5.7 The convergion of radiocactive neamine into neomycin

. 1 . .
2.5mg of [ring I- 40, 3H; ring II—BH] neamine {(see Section 2.16)

wag incubated for five days in a 50ml culture of the

2-deoxystreptamine-idiotroph of S. rimosus forma paromomycinus as

degcribed in Section 2.4. Synthesized antiblotic and unchanged
neamine were isolated from the culture as described in Section 2.6
and purified as described in Section 2.7 excepting that the chroma-
togram was developed for 72 hours using the solvent system t-butanol/
butan—E—one/methaﬁol/6.BM—NH3 solution (3:16:1:6, by vol.). For the
determination of specific radiocactivity, neomycin and neamine were
asgayed by the procedure described in Section 2.12; purified
neomycin B was used as a standard.

Radiocactivity was measured in 10ml tritoscint II using a

Philips liquid scintilation analyser (Section 2.17).

3 14

Compound isolated dpm H; C ratio Specific Radioactivity
(dpméumol)
BH 14C BH 140
neamine 9290 510 18.2 8930 490
neomycin B 4790 300 16 8300 520

neomycin C 2220 125 17.7 - -
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Table 5.8 The conversion of radiocactive neamine into neomycin

in the presence of 2-deoxystrepntamine

The experiment described in Table 5.7 was carried out with
the modification that 2.5mg non-radiocactive 2-deoxystreptamine was

added to the culture medium together with the radicactive neamine.

14

Compound isgolated Radiocactivity (dom) 3H: C ratio
3H 140
neamine 1290 530 14
neomycin B 9920 620 16

neomycin C 3160 270 12
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Table 5.9 The digtribution of radicactivity in neomyecin

biosvnthesized from radioactive neamine

Neomycin was synthesized from radioaciive neamine as
described in Table 5.7. The neomycing were extracted and purified
(Sections 2.6 and 2.7) and subjected to methanolysis (Section 2.14)
together with 200mg of neomycin sulphate carrier. The products
were subjected to paper chromatography developed using MeOH/NH3
solution (sp. gr. 0.88) (4:1, V/V) for 4 hours and the chromatogram
divided into five gections. Each section was eluted with water and

the radiocactivity determined.

Isotope Radioactivity (dpm) din section eluted
1 2 3 4 5
g 830 4600 380 510 30
g 660 3900 400 620 310

Section corregponds to - ring I-IT - ring ITI-IV -
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Table 5.10 Radicactivity associated with aminoglycogides during

a gynthegig and degradation cycle

The radiocactivity associated with i) a sample of the neomycin
biosynthesized in the experiment degcribed in Table 5.9, 1i) neamine
produced from the methanolysisg of this biosynthesized neomycin, and
iii) unchanged neamine isolated from the culture broth in the same

experiment, was determined as described in Section 2.17.

Compound Radiocactivity (dpm) 3H: MrC ratio
3y M'C
neomycin isolated from culture 1520 1400 1.08
neamine igolated from culture 4560 3820 1.19

neammine produced by the methanolysis

of the igolated neomycin 4600 3900 1.18



-102~

Figure 6.1 The gtructure of deoxyneomycin

GHoNH,

R R'
deoxyneomycin B H CHzNHZ
deoxyneomycin C CHZNHZ H

Figure 6.2 The structure of deoxyparomomycin

CH,O0H
HO O

NHZ

NH>

R R
deoxyparomomycin T H CHZNHZ
deoxyparomomycin IT CHzNHZ H
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Chapter 6

huiatuhanif ety

Discussion
This digcussion i1g concerned with the biliosynthesis of
neomycing and of novel antibioticsg, and with the influence of the

aminocyclitol moiety on the bilological activity of thege compounds.

6.1 The role of the aminocyclitol moiety of neomycinsg in

determining biological activity

It has been demonstrated that modification of the aminocyclitol
moiety of aminoglycosides can have a profound effect on the
biological properties of the antibiotic,

The effect on the biological activity of neomycin in which
2-deoxystreptamine is replaced with streptamine or epi-streptamine
has been examined (Davies, 1970). It has been shown that the
streptaminewcontaining analogue, hybrimycin A1 (Fig. 1.34), is
approximately as active as neomycin B (Fig. 1.4) as an antibiotic,
as an inhibitor of RNA-directed protein synthesis and in its ability
to produce misreading during poly-uridine-~directed peptide biocsyn-
thegis. The streptamine~containing neomycin C analogue, hybrimycin A2
(Fig. 1.34), was more effective.in both of the latter experiments
than the parent molecule, neomycin C (Fig. 1.4).

However the replacement of the 2-deoxystreptamine-moiety of
neomycin with epi-streptamine produces the antiblotics hybrimycin B1
and B2 (Fig. 1.34), neither of which is as potent as neomycin B or C
in any of the above experiments.

Hybrimycins A and B are both more effective substrates, than
neomycin, for the neomycin-inactivating enzgymes aminoglycoside
phosphotransferase (3') and aminoglycoside scetyltransferase
(Davies, 1970).

An alteration of the aminocyclitol moiety of neomycin there-
Tore produces an antibiotic different from neomycin in a number of

respects,

6.2 DNeomycin .analogues containing 2,4-didecxystreptamine

From the results of the experiments described in Section 3.3
and 3.4, it i1s concluded that 2,4-dideoxystreptamine was incorporated

into deoxyneomycin (Fig. 6.1) by the 2-deoxystreptamine-idiotroph of
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g, fradiae, and into deoxyparomomycin (Fig. 6.2) by the

2-deoxystreptamine~idiotroph of S. rimosus forma paromomycinus.

The reactions involved in the eiucidation of the structures are
-outlined in Schemes. 3.1 and 3.2. Methanolysis of the antibiotics
produced methylneobiogaminides and either deoxyneamine or deoxy-
paromamine, Hydrolysis of deoxyneamine or deoxyparomamine produced
2,4-dideoxystreptamine and either neosamine C or D-glucosamine.

That deoxyneomycin and deoxyparomomycin are antibictics proves
that the free hydroxyl of 2-deoxystreptamine is not essential for
biological activity.

Deoxyneomycin C (Fig. 6.1) was shown to be a more active
antibiotic than neomycin C. This is similar to the observation
that hybrimycin A2 (Fig. 1.34), the streptamine=~containing analogue
of neomycin C, was a more potent protein synthesis inhibitor than
neomycin C. Whether or not there is a common mechanism for the
higher activity of both neomycin C analogues 1g difficult to
agcertain.

Neither deoxyneomycin nor deoxyparomomycin ig active against
organisms resgistant to the parent antibioticg, including those
organisms whose regisftance is due to the presence of the antibiotic
inactivating enzymes, aminoglycoside phogphotransferase (3') I or II,

or aminoglycoside nucleotidyl transferase (3) (Section 1.10).

6.3 The conversion of 2,4,5-trideoxystreptamine into an antibiotic

The synthesis of an antibiotic, dideoxyneamine, by the
2-deoxystreptamine-idiotroph of 5, fradiase in the presence of
2,4,5-trideoxystreptamine is reported in Section 3.5. Although
detailed characterization of the antibacterial compound was not
performed, its mobility on paper chromatography, in which the com-
pound, like deoxyneamine, migrated further than neamine, is consistent
with the compound having the sgtructure shown in Fig. 6.3. That this
compound 1s an active antibiotic shows that no hydroxyl group on the
2-deoxystreptamine~moiety of neamine is required for biological
activity. Organisms which were resistant to neamine were also

regsigtant to dideoxyneamine.
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Pigure 6.3 The structure of dideoxyneomycin

CHoNH,
HO I
HO
H5N INHo

0
NH,

Pigure 6.4 The structure of three deoxykanamine agnalogues

CH,R

HO
HO
NH->
a7
HO NH2
deoxy-analogue of rings I-II of ; R R
kanamycin A NHZ OH
kanamycin B NHZ NHZ
kanamycin C OH NHZ
Figure 6.5 The structure of 3—-0—'B -glucogyl-2,6-dideoxystreptamine
CH,OH
HO —
HO
HO NH-

Tm,
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6.4 The failure of S. kanamyceticus to convert

2,4-dideoxystreptamine dinto antibictic

Al though 2,4-dideoxystreptamine lacks the hydroxyl-~group
of which ring III of kanamycin is normally attached, the

2-deoxystreptamine~idiotroph of S. kanamycelicusg might be expected

to synthesize deoxyneamine-type analogues (FPig. 6.4) in the presence
of 2,4-didecxystreptamine. One of these compounds, deoxyneamine

(the deoxy-analogue of rings I-II of kanamycin B), has been shown 1o
be an antibiotic (Section 3.3), and it is reasonable to suppose that

if it were produced it would be detected. Since the medium from the

9]

incubation of the Z2-deoxystreptamine-idiotroph of 3. kanamveceticu

with 2,4-dideoxystreptamine did not contain antibioctic activity it
ig concluded that deoxyneamine wag not produced.
It has been demonstrated that when a 2-deoxystreptamine-

idiotroph of S, kanamyceticug was incubated with 2-deoxystreptamine-

o

analcgues, kanamycin type antibioctics were produced which contalns
D-glucoge ag ring I (Kojima & Satoh, 1973; Pig. 1.36). It is

poggible that the 2-deoxystreptamine-idiotroph of 3. kanamyceticus

incubated with 2,4-dideoxystreptamine (Section 3.2 ) produced a
compound of the structure shown in Fig. 6.5, which also contains
D-glucose as ring I. It is reasonable to presume that such a com-
pound will not be an active antibiotic (Benveniste & Davies, 1973)
and would not therefore be detected using the technigue degcribed

in Section 3.2.

6.5 The failure of 2-deoxysireptamine analogues to support

antibiotic production

There are a number of posgible reasgons wihy the majority of
aminocyclitols and cyclitols tested (Pig. 3.2) did not support
antibiotic production., It is posgible that not all of the com-
pounds entered the organisms, or that they were modified but the
compound produced lacked antibacterial activity, or that the

compounds were not modified.

6.6 The effect of myvo-inosose-2 on neomycin

Myo~inosoge-2 might have been incorporated into antibiotic

.

although none was actually detected in the experiments described

H

in Section 3.2. Thig is because myo-inogose~-2 has been shown to
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inactivate neomycin produced by either the wild-type S. fradiae or
the 2-deoxystreptamine-idiotroph of the same organism (see Appendix).
Thus if an antibiotic of the neomycin-type had been produced it

would probably have been inactivated.

6.7 The conversion of 4-0-PB -ribosyl-2,6-dideoxystreptamine
1

into an antibiotic

Antibiotics were produced by the 2-deoxystreptamine-idiotrophs

of S. fradiae and 3. rimosus forma paromomycinug grown in.the pre-

sence of 4—Q—ﬁ -ribogyl-2,6-dideoxystreptamine (Chapter 4).

If the 2-deoxystreptamine~idiotroph of 3. fradiase had incor-
porated 4-0-fB -ribosyl-2,6-dideoxystreptamine intact into an anti-
biotic, then a compound with the structure given in Fig. 6.6 would
be expected. Thig antibiotic should differ from deoxyneomycin
(Fig. 6.1) in the following ways. The ribose content would be double
that of deoxyneomycin. On electrophoregis in acid buffer, when
amino-groups would be protonated, the antibiotic with 4-amino groups
would be expected to migrate less than deoxyneomycin with 6-amino
groups.

It has been suggested that the amino-groups on ring I have a
profound effect on the antimicrobial activity of the aminoglycosides
(Benveniste & Davies, 1973). It would be reasonable %to expect there-
fore that replacement of the neosamine C moiety of deoxyneomycin with
riboge would have some effect on the antibiotic potency of the
compound.

The results reported in Section 4 are not consistent with the
responges expected if 4-0-P -ribosyl-2,6-dideoxystreptamine was incor-
porated into an antibiotic as an intact unit (Fig. 6.6). Moreover
the regults suggest that the antibiotic produced by the 2-deoxystrep-
tamine-~idiotroph of 3, fradiase supplemented with 4—Q—B - ribosyl-2,6-
dideoxystreptamine 1s identical to deoxyneomycin. The antibiotic
produced by the organism supplemented with 4<Q—ﬁ -ribogyl-2,6-
dideoxystreptamine must therefore arise via a hydrolysis mechanism
(Fig. 6.7).

This is the first report of an aminocyclitol-glycoside being
metabolised by.an antibiotic-producing organism using this mechanism,
although it has been previously suggested that it may occur (Rinehart

& Stroshane, 1976).
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Figure 6.6 The structure of a deoxyneomycin B ansalogue containing

-riboss ag ring T

OH OH

Figure 6.7 The conversion of 4-0- -ribogyl-2,6-dideoxystreptamine

into antibiotic

OH H
I
0 NH>
HO NH2
CH20H

a2

deoxyneomycin
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It is agssumed that . the 2-deoxystreptamine-idiotroph.of .

S. rimosus forma paromomycinus metabolises 4~Q—ﬁ —ribosyl-2,6~

dideoxyvstreptamine in a way similar to S. fradiae and that it

produces deoxyparomomycin,

6.8 The conversion of neamine into neomycin

—

The results from the experiments reported in Chapter 5 demon-
strate that neamine is converted into neomycin by the

2-deoxystrentamine~-idiotroph of S. rimogug forma paromomycinus.

Although supplementing cultures of this organism with neamine
might be expected to lead to neomycin~production, the observation
that these cultures produced antibiotic activity does not necesgssgarily
mean neamine wasg incorporated intact into neomycin. Evidence teo
suggest this may occur is provided by the demonstration that
4—Q—p ~ribogyl-2,6-dideoxystreptamine wag hydrolysed by the
2-deoxystreptamine-idiotroph of 8. fradiae prior tco conversion into
antibiotic (Section 6.7).

Thus it was consgidered possible that the antibacterial scti-
vity detected in the experiments degcribed in Section 5.2 was not
due to neomycin but to an antibiotic formed by the incorporation of
the 2-deoxygtreptamine moiety from hydrolysed neamine into a
paromomycin-related compound.

The obhgervation that the antibiotic isolated from cultureg of
the 2-deoxystreptamine-idiotroph of the paromomycin-producing orga-
nism supplemented with neamine has characterigtics similar o
neomycin, rather than paromomycin, with respect to chromatographic
properties (Section 5.3) and from the products of methanolysis
(Section 5.4), strongly suggests that neamine was converted intact
into the antibiotic neomycin. The radiochemical exveriments were

degsigned to confirm this.

6.9 The conversion of radioactive neamine into neomycin

If the antibiotic produced from neamine was a result of the
hydrolysis of neamine and the released 2-deoxysireptamine bheing
incorporated into antibiotic, the loss of ring I from neamine and its
replacement with a subunit synthesized by the organism may occur.

g II-BH] neamine by

C and the 3H:MFC ratio

Antibioctic gynthesized from {ring I—T4C,BH; ri

such a mechanism should therefore contain no
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of the antiblotic produced should approach infinity. However the
results in Section 5.5 show that the 3H:“LC‘ ratio of the gtarting —
neamine and the isolated antibiotics were the same, indicating that
the precursor neamine wasg incorporated intact.

The posgibility that the gpecies of neamine incorporated into
neomycin had been formed by the hydrolysis-resynthegis cycle
(Pig. 6.8) was eliminated by growing the 2-deoxystreptamine-idiotroph

14C,)H; ring II-BH] neamine and non-

in the presence of {ring I~

radioactive 2-deoxystreptamine., If a bilosynthetic pathway involved

hydrolysis of neamine then the 3H asgociated with the

2~-deoxystreptamine produced would be diluted with non-radiocactive
3,04

2-deoxystreptamine., Consequently the "H: 'C ratio of the antibiotic

produced under these circumstances should decrease. However the

3H:14C ratios of the original

results in Section 5.5 show that the
neamine and the bilosynthesized neomycin were identical, thus
suggesting that the neamine incorporated into antibiotic is the
original species added to the culture.

Figure 6.8 The conversion of neamine into neomycin via a
hydrolysis/resynthesis mechanism

resynthesis  via

i Intermediotes l l
neamine hvdrotys:s > ringI + ring[l
neomycin

14, 3

The observation that neomycin synthesized from,[rimg I- 'C, H;
ring II—BH] neamine containg radioactivity associated with the
neamine part of the molecule only (Section 5.6) is also consisten
with the conclusion that added neamine was incorporated intact into

neomycin,

6.10 The role of neamine in neomycin biogyntheegis

There sre two possible routes for the assembly of neomycin
from preformed subunits (Pig. 6.9). In route a) neamine (rings I-II)

ig an intermediate and in route b) either the compound comprising

rings II-TTT or that comprising rings II-III-IV are intermediates.
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Figure 6.9 Two alternative pathways for neomycin biosynthesgis

from preformed subunits

ring I >ringsl—1II

b

ringsO-I0-IV ringsl-0-M-I¥

Figure 6.10 The conversion of neamine into neomycin

neamine neobiosamine
(ringsI-IT) (ringsM-IV)

v
ribostamycin —— neomycin
(ringsI-0O-I11) (ringsI-0-IT-IV )
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Although in the past a choice between these two pathways has
been difficult the work reported in Chapter 5 suggests that neamine
is involved in neomycin biosynthesis (Fig. 6.9a).  This excludes
route b) of Fig. 6.9 as a biosynthetic pathway for neomycin
production.

The observation thal neamine is produced by 3. fradise in
certain conditions (Perlman & O'Brien, 1953) is explained by the
organism being unable to complete the subunit assembly. Thig may
be due to the inhibition of the biosynthesis of rings III and IV or
the inhibition of the formation of the glycosidic=link beiween
neamine and the next intermediate of neomycin bilogynthesis,.

The reason that 5~g—ﬁ ~ribosyl-2,0-dideoxystreptamine (rings
II-IIT of deoxyneomycin)does not, but deoxyneamine does, support
antibiotic production (Section 4.2) is explained by the involvement
of a neamine-type compound as an obligatory intermszdiate of subunit
agsembly and that The enzymes involved in this pathway cannot accept
a compound consisting of rings I1-I1T.

Tne synthegis of dideoxyneamine from 2,4,5-trideoxystreptamine
argues against the involvement of compounds of the rings II-III or
rings II-ITI-IV type in neomycin blosynthesis. Thus if rings II-I1I1I
or rings II-ITI-IV had to be synthesized prior to the addition of
ring 1, then 2,4,5-trideoxystreptamine, which lacks the hydroxyl
group to which ring III igs linked, could not he converted into an
antibiotic of the neamine type.

While this work was in progress Testa & Tilley (1975) demon-
strated that neamine and paromamine were precursgors for sisomicin
biogynthesis. Although they omitted to demonstrate that these com-
pounds were incorporated into sisomicin intact, a pathway for the
biosynthesis of this antibiotic was proposed which involved an
intermediate of the rings I-II type. Purther evidence that an
intermediate of the rings I-IT type dis dinvolved in the biosynthesis
of other aminoglycosides is provided by the demonstration that a

2-deoxystreptamine-idiotroph of S. ribogidificusg can convert uneamine

into ribostamycin (Kojima & Satoh, 1973), and by the isolation of

a mutant of the gentamicin-producing organism, M. purpurea, wnich

produces only paromamine (Testa & Tilley, 1976).



=113~

£.11 The bicsynthesig of neomycin from neamine

one unit, In pathway b) ribostamycin is synthesized from neamine,
and thisg is then converted into neomycin.

Although neobiosaminesg, rings I1II-IV, have never been igolated
their involvement in neomycin and biosynthesis hag been propoged by
Falkner (1969). The evidence for this suggestion is that rings
III-IV of neomycin synthesized by S. fradise in the presence of
radioactive precursors were labelled less than rings I-IT (Foght,
1963; Schimbor, 1966; Falkner, 1969). As the radiocactive precursors
were added after incubation of the culture had started, it was
guggested that a proportion of rings IIT-IV(or rings III and IV) had
been synthegized prior to the addition of labelled compound and
therefore contained legs radicactivity than rings I-II, which were
suggested to be synthesized gubsegquent to the addition of label.

In contrast ribegtamycin, which consists of rings I-TII-IIT of

neomycin, is produced by S. ribogidificusg. If ribostamycin were an

intermediate of neomycin biosynthesis it would exclude pathway a)
of Fig. 6.10.
An unambiguous choice between the two routes in Fig. 6.10 is

not nossible.

6.12 Biosynthesis of the glycosidic bonds of neomycins

Neomycin is elaborated by the formation of glycosidic-linkages
between the subunits. Many naturally occurring glycosylation reac-
tions involve activated-sugar intermediates which are usually
nucleogide diphosphate (NDP) derivatives (Glaser, 1964). These
activated intermediates react with an acceptor (R-0H) in the

following way (Ferrier & Collins, 1972);
NDP-sugar + ROH —s= Glycosyl-OR + NDP

It is posgible that the glycosidic Dbonds of neomycin are
gynthegized by a similar mechanism. Neamine for example could be
produced by a route involving NDP-neogamine C as the activated-inter-
mediate and 2-deoxystreptamine as the acceptor-molecule. NDP-

neosamine C could be synthesized from nucleoside triphosphate and
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neosamine C 1-phosphate, or via an NDP=derivative of a neosgamine C
precursor which ig further modified to produce NDP-neogamine C,
Rinehart (1964) has proposed that neosamine C and neosamine B are
synthesized by a similar pathway which divergeg to produce either
epimer (Section 1.5). As epimerization reactions have also been
shown to involve NDP-intermediates (Glaser, 1972), it is possible
that UDP-neosamine C and UDP-neogamine B are produced from a

UDP-derivative of a common precursor.
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Appendix

The effect of myo-inogose-2 on neomycin-producing

3. fradiae cultfures

A.1 Introduction

During experiments designed to elucidate the precursors
invelved in the biosynthesis of the carbon skeleton of strepto-
mycin myo-inosoge-2 was incubated with 3. griseug cultures (Hunter
& Hockenhull, 1955). It was observed that myo-inosose-2 (1mg/ml
incubation medium) significantly reduced the final streptomycin
activity. Tt was suggested that myo-inosose-2 inhibits the produc-
tion of streptomycin by inhibiting either the bilosynthesig of
N-methyl-L-glucosamine or the incorporation of streptidine into
streptomycin.

In experiments performed on & neomycin-producing culture it
was found that the presence of myo-inososge~2 decreasgsed the final
neomycin activity. This appendix is an account of the effect of

myo-inosoge-2 on neomycin producing cultures.

A.2 The reduction of neomycin activity in 3. fradiae cultures

by myo-inogsoge-2

The effect of myo-inosose-2 on neomycin activity produced in
cultures of 8. fradiae in two different media is shown in Table A.17.
In a complex medium neomycin activity after five days incubation
was halved using 0.5mg myo-inosose-2/ml and in a defined medium neo-
mycin activity was halved by O.1mg myo-inosose-2/ml.

A 2-deoxysgtreptamine-idiotroph grown in the presence of
2-deoxystreptamine and myo-inosose-2 produces legs antibacterial
activity than when it is grown in the presence of only
2-deoxystreptamine (Table A.2).

In cultures of both organism it is possible by adding
sufficient myo-inososgse~2 to completely abolish the antibacterial
activity.

It was considered that myo-inosose-2 might react with neomycin
to produce an inactive derivative. To investigate this possgibility
myo-inosose-2 and neomycin were incubated together in fresh growth
medium and the antibiotic activity measured. The results obtained

(Table A.3) demonstrate a slight decrease in antibiotic activity
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after 5 days incubation. This decrease in antibiotic activity was
not dependent on gzg-inosose—2.

However when neomycin was incubated together with myo-
inosose-2 in an 8. fradiae culture the antibiotic activity decreased
(Table A.4). It is concluded that S. fradiae produces conditions
where myo-inosose-2 dependent neomycin inactivation is catalysed.
The factor responsible for this catalysis is produced only by
cultures older than 3 days (Table A.5).

It has previously been demonstrated by Perlman et al. (1974)
and Perlman & Cowan (1974) that aminoglycosides can be chemically
modified in the presence of aldo-sugars. The N-glycosides thus pro-
duced are legs active than the parent antibiotic. For example
neomycin B glucoside was prepared which was between 5 and 33% as
potent an antibiotic as the parent compound (Perlman & Cowan, 1974).

It is possible that neomycin is modified by myo-inosose-2 by
a mechanism gimilar to that proposed for the modification of

aminoglycosides by aldo-sugsrs.
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Table A.1 The reduction of neomycin activity. in S. fradise

(wild type) cultures by myo-inosoge-2

a) Sebek complex medium (50mls; Section 2.3) in a 500ml
baffled flask was inoculated with 2.5ml of a 2-day old culture
of 8. fradiae grown in similar medium. Myo-incsoge-2 solution
(which had been sterilized at 103KPa for 15 minutes in a steanm
autoclave) was added at the start of the incubation period and

{

S am o . o .
reomycin asgayed after 5 days

myo-incsoge-2 (mg/ml) neomycin gug/ml)
0 600
0.5 320
2.0 120
5.0 0

b) Majumdar and Majumdar medium (10ml; Section 2.3) in a
125ml conical flask was inoculated with Iml of a 3-day old
culture of S. fradiae grown in similar medium. Myo-inosose-2
wasg added to the medium ag in A.1a and the culture incubated

for 5 days. Neomycin was then assayed (Section 2.12).

myo-inogose-2 {mg/ml) neomycin (Ug/ml)
0 320
C.1 140
0.2 40
0.5 10

1.25 0
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Table A.2 The reduction of neomycin activity in S. fradiae

(2-deoxystreptamine~idiotroph) cultures by myo-inosoge-2

The 2-deoxystreptamine-idiotroph of 3. fradise was grown for
2 days in Sebek complex medium (Section 2.3). 1ml of this was
added to 10ml of similar medium to which had been added
2-deoxystreptamine (5mg) and myo-inosose-2. Neomycin activity was

agssayed after 5 days incubation (Section 2.12).

myo-inogose-2 (mg/ml) neomycin (P /ml)
0 220
0.25 170
0.5 150
1 120
5 0

Table A.3 The effect of myo-inososgse-2 on neomycin in sterile

culture medium

Neomycin (500 g/ml) and myo-inosose-2 were incubated in
sterile Sebek complex medium (Section 2.3) for 5 days at 30°C and

neomycin assayed (Section 2.12).

myo-inogose-2 (mg/ml) neomycin (ﬁg/ml)

0 380
380
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Table A.4 Neomycin inactivation by myo inosose-2

A 10% inocculum of a 2-day old culture of the
?-deoxystreptamine-idiotroph of S. fradiae was added to Sebek
complex medium (10ml; Section 2.3). Myo-inosose-2 was then added
as in Table A.la. After 2 days incubation neomycin wag added to

the cultures and after a further 3 days neomycin wag asgsayed.

myo-inosose-2 {(mg/ml) neomycin (ug/ml)
I
0 400
72

Table A.5 The effect of the time of addition of myo-inosose-2

on neomycin production by S. fradiae

A 10% inoculum of a 2-day old culture of S. fradiae was
added to 10ml of Sebek complex medium (Section 2.3). Myo-inosose-2
(50mg) was added at different times during incubation and samples

were removed from the cultures for neomycin assay (Section 2.12).

Age of culture when myo-inosoge~2 neomycin (jLg/ml)
added (days) age of culture (days)

1 2 3 4 5

0 62 180 350 180 80

1 8% 220 220 100 62

2] - 220% 330 180 62

3 - - 270% 180 70

4 - - - 400* 140

control - - - - 600

*neomycin assayed before myo-inosose-2 added to culture
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