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MM 55266 AND MM 55268, GLYCOPEPTIDE ANTIBIOTICS

PRODUCEDBY A NEWSTRAIN OF Amycolatopsis

ISOLATION, PURIFICATION AND STRUCTURE DETERMINATION
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Twonovel glycopeptide antibiotics MM55266 and MM55268 containing fatty acid acyl
functions, and of molecular formula C86H89N8O35C15and C87H91N8O35C15,respectively, have
been isolated and identified from a complex produced by Amycolatopsis sp. NCIB40089. Fermentation
conditions for their production, and methods for their isolation are described. Structures have been
deduced by use of COSYand NOENMRtechniques and supported by chemical degradation

studies. Both glycopeptides possessed good antibacterial activity against Gram-positive organisms.

We report on the production of two novel glycopeptide antibiotics, designated MM55266 and
MM55268, as major components in a glycopeptide complex produced by Amycolatopsis sp. NCIB 40089.
The structures are outlined in Fig. 1.
MM55266 and MM55268 both possess a lipophilic side-chain and in this respect resemble a number

of other glycopeptides namely, the aridicins1*, the kibdelins2), the parvodicins3) and teicoplanin4). However,
unlike these antibiotics, in MM55266 and MM55268 the acyl-bearing sugar is attached to amino acid 6
rather than to amino acid 4. The latter also appear to be more highly chlorinated than the aridicins and
possess three attached sugars rather than two.

This paper describes the isolation, physico-chemical properties and structure determination of MM
55266 and MM 55268.

Materials and Methods

Fermentation Conditions
Amycolatopsis sp. NCIB40089 was maintained as a vegetative cell suspension stored in glycerol 20%

and lactose under liquid nitrogen 10%. Vegetative cell suspension (1 ml) was used to inoculate seed medium
(100 ml) contained in a 500-ml Erlenmeyer flask. The seed stage medium consisted of soya bean flour 1.0%,
glycerol 2.0%, maltose 0.2%, CoCl2-6H2O 0.0005%, and stock trace elements 1.0% in deionised water.
The stock trace element solution contained, CaCl2 -2H2O 1.0%, MgCl2 -6H2O 1.0%, NaCl 1.0%, FeCl3
0.3%, ZnCl2 0.05%, CuCl2-2H2O 0.05%, MnSO4-4H2O 0.05%. The medium was adjusted to pH 7.3
before sterilisation in an autoclave at 121°C for 15 minutes. After inoculation the flask was then incubated
on a gyratory shaking table at 240 rpm at 28°C. After 72 hours aliquots (4ml) were transferred to 500-ml
Erlenmeyer flasks containing seed medium(100 ml) with the same composition as above. These flasks were
then incubated at 28 °C and 240rpm for a further 48 hours.

Seed stage medium(15 litres) with the same composition as above but with the addition of 0.1%
antifoaming agent (polypropylene glycol P2000) was sterilised in a 20-litre, fully baffled fermenter for 1
hour at 121°C. The second flask seed stage (400ml) was used as inoculum and the fermentation was
incubated at 28°C for 45 hours. The fermenter was stirred by an agitator, fitted with three vaned disc
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Fig. 1. Structures ofMM 55266 and MM55268.

impellers, at 200rpm and supplied with sterile air at 0.23v/v/m and an overpressure of 0.5 bar was
maintained throughout.
For the final fermentation 300 litres of medium with the same composition as the 20-litre seed stage

were sterilised in a 450-litre fully baffled fermenter for 1 hour at 121 °C. Vegetative inoculum (12 litres)
from the 20-litre fermenter was used as inoculum and the fermentation was incubated at 28°C until harvest
at 94 hours. The fermenter was stirred by an agitator, as described above, at 100rpm and supplied with
sterile air at 0.5 v/v/m. Anoverpressure of air of 0.5 bar was maintained throughout.
The fermenter was harvested in 50-litre portions which were adjusted to pH 10.9 by addition of 5 m

NaOHsolution prior to centrifugation. The resulting supernatant was adjusted to pH 6~ 8 by addition
of5mHC1.

Detection Methods
Fermentation samples were monitored for antibiotic activity by the agar diffusion method using

Staphylococcus aureus V573.
The relative titres of the glycopeptides could be monitored in the culture broth by stirring clarified

broth samples with D-alanyl-D-alanine affinity resin. The adsorbed glycopeptides were eluted from the
resin with 50%acetonitrile - 0.1 m ammonia. The eluate was evaporated in vacuo and the residue taken up
in water prior to HPLCanalysis.

Preparations of the glycopeptides were assayed on a Waters HPLCcolumn (3.9 x 150mm)contain-
ing Novapak C18 reverse phase material (Waters Associates, Milford, MA, U.S.A.) using a Waters
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Fig. 2. Isolation procedure for MM55266 and MM55268.

600 multisolvent delivery system. Monitoring was by a Waters Lambda Max Model 481 LC spec-
trophotometer at 220nm. The injection volume was 25jul. The glycopeptides were eluted from the
column with 0.1 m sodium phosphate buffer at pH 6.0 containing 25% acetonitrile at a flow rate of
2ml/minute. Under these conditions MM55266 had a Rt of4.4 minutes and MM55268 had a Rt of9.2
minutes.

Both MM55266 and MM55268 have characteristic UVmaxima at 280nm. Purified samples can be
assayed using direct measurement of the absorbance.
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Extraction and Isolation
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The following column media were used in the isolation procedure outlined in Fig. 2. Diaion HP-20:
Styrene divinyl benzene cross-linked polymeric adsorbent (supplied by Mitsubishi Chemical Industries
Limited, Tokyo, Japan). Matrex C18: Reverse phase silica (30 /xm particles, 60A pore diameter) (supplied
by Amicon, Upper Mill, Stonehouse, Gloucestershire, UK). Dynamax 150-A preparative HPLCcolumn,
10 x 300mm, containing 12fim particles of C18 reverse phase silica (supplied by Rainin Instrument Co.,
Woburn, MA, U.S.A).

Sepharose-D-alanyl-D-alanine was prepared by reacting the iV-hydroxysuccinimide ester of
6-aminohexanoic acid Sepharose 4B (60 g) (supplied by Sigma, Poole, Dorset, UK) with D-alanyl-D-alanine
according to general coupling procedures described by the manufacturer.

The glycopeptides were bound onto the affinity resin by stirring solutions containing MM55266
and/or MM55268 with a slurry of the resin for 1 hour, filtering off the resin, and washing it with water.
The glycopeptides were then eluted from the affinity resin by stirring it for 5 minutes with 0.1 Mammonia
in 50%aqueous acetonitrile and filtering off the eluate, which was evaporated in vacuo and freeze dried.

Spectroscopic Methods
NMRspectra on MM55266 were run at 80°C on a Bruker AM400 operating at 400 MHzin DMSO-d6

with TMSas an internal standard. FAB-MSwere obtained on a VGZABIF instrument in a mixture of
glycerol, thioglycerol and TFA.

Sugar Analysis
The presence of glucose and mannose in MM55266 was confirmed by acidic hydrolysis followed by

perbenzoylation and methanolysis of the sugar units in the mannerof Malabarba et al.5). The derivatised
sugars were separated by silica gel chromatogaphy and analysed by *H NMR.

Results and Discussion
Isolation

Culture broth (270 litres) from Amycolatopsis sp. NCIB 40089, when treated as outlined in Fig. 2,
afforded approximately 1 g of MM55266 and 3.7 g of MM55268. The adoption of a lengthy purification
procedure to obtain these two antibiotics was largely aimed at removing small quantities of related

antibiotics that are not reported here. Wehope to publish details of minor components in due course.

Properties of MM55266 and MM55268
The physico-chemical properties of MM55266 and MM55268 are shown in Table 1 and the XH

NMRdata obtained on MM55266 in Table 2. Both compounds have a UVabsorption maximumof
280 nm, typical of glycopeptides.
Both glycopeptides show a Gram-positive spectrum of antibacterial activity and typical MICs are

shown in Table 3. Both were marginally less active than vancomycin.

Structure Determination
The binding of MM55266 and MM 55268 to

D-alanyl-D-alanine affinity resin gave a strong

indication as to their glycopeptide nature. Further-
more, hydrolysis studies on these glycopeptides

followed by TLC and HPLCexamination, indicated
the absence of actinoidinic acid but the presence of
a component co-eluting with chloroactinoidinic acid
obtained from glycopeptide A410306). In addition,

Table 1. Physico-chemical properties of MM55266 and
MM 55268.

MM 55266 MM 55268

C86H89N8O35C15 C87H91N8O35C15

1,969 1,983

280 (e 8,680) 280 (e 8,430)

1662, 1600, 1506 1661, 1595, 1505

-6.8° -72° (c 0.1, H2O)



VOL.44 NO.8 THE JOURNAL OF ANTIBIOTICS

Table 2. JH NMR data on MM 55266 at 400MHz and 80°C in DMSO-d6.

811

w2 7.09 d,.7=9.9Hz

w3 7.45 d, /= 10.6Hz
w4 7.35 d, /=7.5Hz

w5 8.60 d, /=6Hz

w6 6.10 br d
w7 8.12 d, /=6.4Hz

xx 4.33 s

x2 5.08 m

x3 6.07 d,.7= 10.6Hz
x4 5.69 d,.7=7.3 Hz
x5 4.4 1 Overlapped
x6 4.12 d,.7=11.1Hz

x7 4.53 d, /=6.2Hz

If 7.72 dd, /=9.4, 1Hz
le 7.37 d, J=9AHz
lb 6.78 d,.7=1 Hz
2b 7.25 d, /=2Hz
2e 7.28 d, /=8.5Hz
2f 7.20 dd, /=8.5, 2Hz

3f 6. 59 Overlapped
3d 6. 59 Overlapped
4b 5.81 s
4f 5.ll s
5b 7.13 s
5f 6.82 d, /=2.1 Hz

Sugar H

6b
6f
7d
7f
lg
z2
z6
Gx
G,

M,
*G6
Mx
M2
^M6

Ax
A.2

A3

A4

As

7.80 d, /=2Hz
7.38 d, /=2Hz
6.41 d, /=2.0Hz
6.37 d, /=2.0Hz
2.38 s
5.15 d, /=5.1Hz
5.33 s
5.39 d, /=7.5Hz

3.43 Overlapped
3.33 Overlapped
3.7-3.0 Overlapped
5.26 d, /=1.4Hz
3.92 m
3.7-3.0 Overlapped

4.41 Overlapped, / small
3.4 Overlapped
3.25 Overlapped
3. 1 5 Overlapped
3. 5 Overlapped

A-NH 7.50 br d
Side-chain 2. 17 2H, m

1.50 2H, m
1.25 7H, CH2 envelope

0.85 6H, d, /=6.6Hz

Assignments made by COSYand NOEexperiments.

Table 3. Antibacterial activity of MM55266, MM55268 and vancomycin.

MIC (jug/ml)

MM55266 MM55268 Vancomycin

Bacillus subtilis ATCC6633
Corynebacterium xerosis NCTC9755
Micrococcus luteus NCTC 8340
Staphylococcus aureus Oxford
S. aureus Russell
S. aureus V573 MRa
S. saprophyticus FL1
S. epidermidis 60137

Streptococcus pyogenes CN1 0
S. agalactiae Hester
S. sanguis ATCC 10556

S. faecalis I

4

8

4

4

8

2

16
8
2
4
4
8

4

4

2

4

4

1

8

4

0.25

2

2

4

0.25

2

2

2

2

2

2

2

1

1

2

2

a Multi-resistant (methicillin, tetracycline, erythromycin and gentamicin-resistant).
Tests were carried out by serial dilution in nutrient broth by microtitre. Inoculum was prepared

by dilution of an overnight broth culture to give the equivalent of approx 106 cells/ml.

the biphenyl ether fragment obtained by hydrolysis, appeared to have similar elution properties to that
isolated from aridicin A1*. These studies gave preliminary indications as to the nature of rings 1,

3, 5 and 7 in MM55266 and MM55268.

Proton assignments in MM55266 were made by a combination of COSYand NOENMRmethods
(Table 2) and indicated the presence of three sugar units. It was not possible to determine the stereochemistry
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of these residues entirely by NMRdue to overlapping signals in the spectrum but recourse to acid hydrolysis
of MM55266 and suitable derivatisation of the carbohydrate residues confirmed that glucose and mannose
were constituents of MM55266 and unambiguous assignment of sets of signals in the 2D NMRspectrum
was a facile exercise. The third sugar proved to be 2-amino-2-deoxyglucuronic acid by consideration of
the connectivities and coupling constants of the related protons. The A5 proton appeared to be coupled
only to A4 suggesting a carboxylic acid function at the C-6 position. Further evidence for this was
found from a consideration of 13C DEPTNMRdata, only two oxygenated CH2groups (at <5 61.5 and
61.2) corresponding to the C-6 of glucose and mannose units being evident in the spectrum. Furthermore,
isoelectric focusing experiments established a pi of approximately 4.9 for MM55266 and MM55268,
closely matching that of aridicin1* which also features the same acidic sugar.

The points of attachment of the three sugar units to the heptapeptide nucleus and also the positioning
of the acyl side-chain on the amino sugar were determined by a consideration of NOEeffects. Thus, the
anomeric proton of the amino sugar, assigned to signal at <54.41 in the NMRspectrum of MM55266
showed not only the expected shielding from aromatic ring 67), but also large negative NOEeffects to the
z6 and 6f resonances as well as to the 'NOE nest'8) associated with amino acids 5, 6 and 7. Furthermore,
the CH2adjacent to the acyl carbonyl in the side chain showed NOEeffects to the amide NHof the amino
sugar and also to other resonances such as z6 and 6f, clearly positioning the acylated amino sugar at the
benzylic position of amino acid 6. It was similarly shown by NOEexperiments that the anomeric proton
of mannose was in close proximity to aromatic proton 2e, placing mannose on ring 4. Unexpectedly, no
NOEeffect was seen between this anomeric proton and position 6c indicating that this position may be
chlorinated, a fact which emerged later on detailed analysis of the 2D spectrum. The point of attachment
of the glucose moiety to the glycopeptide nucleus is not so clear. Irradiation of the anomeric proton, Gl5
failed to indicate any NOEelsewhere in the molecule suggesting attachment of the sugar unit to a phenolic
hydroxyl with substituted ortho positions. The only phenolic group to fulfil this criterion is positioned at 5d.

The C-l~C-2 proton coupling constants (Table 2) for the three sugars was indicative of the
stereochemistry of the linkage between the sugars and the heptapeptide nucleus and a consideration of

these led to the conclusion that glucose and mannosewere present as /?-anomers but that the acylated
aminosugar was a-linked since the coupling constant was small.

The NMRspectrum of ristocetin in DMSOis reported to show NOEeffects between x3 and both
3b and 3fdue to oscillatory motion9). In the spectrum ofMM55266 only one such enhancement is observed
providing further evidence for chlorination at position 3b.

The structure of the acyl side-chain in MM55266 was readily deduced by a consideration of the *H
NMRspectrum (Table 2) which clearly indicated terminal branching.
MM55268 exhibited an almost identical *H NMRspectrum to MM55266. The only differences

observed related to the branching in the acyl group. Specifically, two methyl signals were observed at
5H 0.75 (t), Sc 10.9 and SH 0.75 (d), dc 19.0 indicating branching at a non-terminal position. The side-chain
present in MM55268 was clearly longer by one C atom than that present in MM55266, as judged by
FAB-MS.
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