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CHARACTERIZATION
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An unidentified Nocardia sp. (SK&F-AAJ-193) was isolated and found to produce ac-
tinoidin A and a novel analog which we have named actinoidin A2. This new glycopeptide
antibiotic differs from actinoidin A by the presence of rhamnose instead of acosamine. This
analog was isolated using Dianion HP-20 resin followed by a specific glycopeptide affinity

column (AfBgel-lO-D-Ala-D-Ala). The purification was accomplished using preparative

ion-pairing chromatography. Actinoidin A2is active against Staphylococcus aureus and
coagulase-negative Staphylococci although it is less potent than actinoidin A.

During the course of screening for novel glycopeptide antibiotics,0 an organism belonging to
the genus Nocardia (SK&F-AAJ-193) was isolated and found to produce actinoidin A (I)2~4) and a
novel analog which we have named actinoidin A2 (II). The new glycopeptide appears to contain the
same aglycone structure as actinoidin Abut based on carbohydrate analysis and fast atom bom-
bardment (FAB)-MS data differs in structure by the presence of rhamnose instead of acosamine (Fig.
1). The difficult separation of the chemically similar glycopeptides I and II at the gram-scale was
achieved by preparative ion-pair chromatography taking advantage of their charge differences. This
manuscript describes the isolation and fermentation of the producing organism, the isolation, separa-
tion and characterization of the antibiotics and their biological evaluation.

Materials and Methods

Reference Antibiotics
Actinoidins A and B were supplied by G. F. Gause, Institute for New Antibiotics, Moscow.
Determination of MinimumInhibitory Concentrations

The minimuminhibitory concentrations (MICs, A«g/ml) for aerobic bacteria were determined by
microtiter broth-dilution tests using Dynatech MIC-2000 equipment. The growth medium was Tryp-
ticase soy broth, pH 7.0, and the inoculum size was approximately 105 cfu/mL The microtiter plates
were incubated at 37°C overnight.

Determination of Activity in In Vivo Mouse Protection Studies
In mouseprotection studies, the growth from an 18-hour Trypticase soy agar slant culture of

Staphylococcus aureus HH127 was diluted in hog gastric mucin (5%) to a level of 3.0 x 107 cfu/ml.
This inoculum, 0.5 ml/mouse, was injected intraperitoneally to produce a uniformly lethal mouse
infection in 18~ 21 g Webster-derived CD1 male mice (Charles River Laboratories). The test anti-
biotics were administered subcutaneously at 1 and 5 hours after infection. The final percentages of
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Fig. 1. Proposed structures of actinoidins A (I), A2 (II), B (III), acosamine, actinosamine and rhamnose.

survival for groups of 10 mice each, obtained after 3 days of observation, were used to estimate the
50% effective dose (ED50, mg/kg) and the 50% lethal dose (LD50, cfu/mouse) values. Studies with
other strains of bacteria were undertaken in a similar manner.

The ED50 and the LD50 values were determined by the logit transformation analysis. Control
compoundswere commercial preparations.

Analytical Procedures
Analytical HPLCwas performed on a Beckman 345 gradient HPLCsystem monitored at 220 nm

with a BeckmanModel 155 detector and an Altex CRIBintegrator. Chromatography was run on a
Beckman Ultrasphere ODScolumn (4.6 x 15 cm) equipped with a Brownlee guard cartridge con-
taining C-18 packing (Brownlee 18-GU). Phosphoric acid buffer (0.1 m) was prepared from Fisher
HPLCgrade phosphoric acid, 85% adjusted to pH 3.2 with KOH. Acetonitrile was HPLCgrade,
(UV, Burdick and Jackson).

Amino acid analyses were run following 6 n HC1hydrolysis as previously described.5) Ac-
tinoidinic acid and /?-hydroxyphenylglycine were monitored by HPLCusing a solvent consisting of
0.1 % trifluoroacetic acid in water on a Beckman Ultrasphere ODScolumn (4.6 x250 mm)as pre-
viously described.5) ^-Hydroxyphenylglycine was obtained from Sigma. IR spectra were obtained
using a Perkin Elmer 299B Spectrophotometer. UVspectra were determined using a BeckmanDU-7.
Isoelectric focusing was carried out as described previously.*0 FAB-MSwere obtained using aVG-
ZAB1F-HF mass spectrometer equipped with a standard FABion source.70 Thermogravimetric
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Table 1. Composition of media 13H and E-l.

167

Seed Medium (13H)
Component g/liter

Production Medium (E-l)

Component g/liter
Starch
S ucrose
Glucose

Corn steep liquor
Hy-S oy
K2HPO4

NaCl
CaCO 3

15.0

5.0

5.0
5.0

7.5

1.5

0.5

1.5

Mineral supplement 5. 0 (ml/liter)a

Glucose
Yeast extract
CaCO 3
CoCl2
HySoy
pH7.0

20

1

1

0.001

10

a Mineral supplement (g/liter) : ZnSO4-7H2O (2.8), ferric ammonium citrate (2.7), CuSO4- 5H2O (0.125),
MnSO4 H2O (1.0), CoCl2-6H2O (0.1), NaB4O7 H2O (0.09), Na2MoO4à"2H2O (0.05).

analyses (TGA) were carried out on a Perkin Elmer TGS2 instrument. Carbohydrates were ana-
lyzed as described previously.5) Preparative chromatography was accomplished using a Water's Prep
500A Liquid Chromatography System equipped with a Whatman Magnum40 column (4.8 x 50 cm)
dry packed with Whatman Partisil 40 ODS-3 (37~ 60 jum) as described previously.5>8)

Results and Discussion

Isolation of the Producing Microorganism
The producing organism, an unidentified Nocardia sp. (SK&F-AAJ-193), was isolated from a

soil sample collected in Pima County, Arizona. Whole cell hydrolysates of SK&F-AAJ-193contain
mtfitf-diaminopimelic acid, glutamic acid, alanine, muramicacid, glucosamine, galactose and arabinose.
Activity was originally detected in a receptor-based screen for glycopeptides involving antagonism of
antimicrobial activity by the cell wall peptide mimetic di-iV-acetyl-L-Lys-D-Ala-D-Ala.10

Production of Actinoidin A2
The entire contents of a 14-day agar slant of SK&F-AAJ-193was suspended in 5 ml of sterile

distilled water and transferred into 500 ml of seed medium 13H (Table 1) in a 4-liter aspirator bottle.
The aspirator bottle was incubated at 28°C on a rotary shaker at 250 rpm with a 5 cm-throw for 3
days.

For scaling up to 550 liters, the first seed was transferred to 10 liters of seed medium13H in a
14-liter fermentor which was maintained at 28°C, aerated at 4 liters/minute and agitated at 250 rpm.
On the third day, 5 liters of the second seed culture was transferred to 50 liters of medium13H in a
75 liters fermentor (Chemapec Inc.). The third seed was incubated at 28°C, aerated at 25 liters/minute
and agitated at 250 rpm. After 3 days incubation, 50-liter was inoculated into 500 liters of the pro-
duction medium(Table 1) in a 750-liter fermentor (ABECCorp.). The production stage was con-
ducted at 28°C, aerated at 150 liters/minute and agitated at 120 rpm.

Actinoidin A production peaked at 124 ^g/ml, as measured by analytical HPLC, by 20 hours (see
Fig. 2). Production of actinoidin A2 occurred during a decline in the actinoidin A level and plateaued
around 18 /^g/ml (Fig. 2) on the fourth day, by which time it was the major component.

Isolation of the Actinoidin Complex
The fermentation broth (550 liters) was clarified by rotary drum filtration (Komline-Sanderson,
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Fig. 2. Fermentation profile of actinoidins A and A2.
à" Actinoidin A concentrations, O actinoidin A2 concentrations, A dissolved oxygen, A pH.

Fig. 3. Analytical chromatogram of the crude

mixture of I and II in ion-pairing system.
Whatman Partisil ODS-3, 4.6x250 mm, 25%

acetonitrile in 0.3% HFBA, 2 ml/minute, UVat
254 nm.

Laboratory Scale Model) using precoat filter aid
(Hyflo Supercel, Johns-Manville Products Corp.)
at the existing broth pH (pH 7.3). The broth
filtrate (380 liters) was chilled to 4°C, and applied
to three Dianion HP-20 (Mitsubishi Chem. Inc.)
resin columns (8.5x110cm) at a flow rate of

0.5 column-volume per hour. After washing
with 8 column-volume of deionized water, the
desired complex was recovered by elution using
acetonitrile - water (20 : 80). The eluate was con-
centrated at 35°C in a rising film evaporator to
yield a crude extract. The extract was applied
in three batches onto a 0.5-liter affinity column
of Affigel-10-D-Ala-D-Ala specific for glycopep-
tide antibiotics.9*10) The column was washed in
each run with 1 liter of water, 1 liter of 10%
acetonitrile and eluted with 2 liters of 50 % aceto-
nitrile containing 0.1 n ammoniumhydroxide.
This procedure yielded 10.2 g of a mixture of
I and II.

Chromatographic Purification of Actinoidin A2
Separation of the mixture was effected by preparative reversed-phase high performance liquid

chromatography (RP-HPLC) using an ion-pairing mode. An analytical HPLCchromatogram of the
crude extract is shown in Fig. 3. The separation was readily scaled up to 12 g for a single injection
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Fig. 4. Preparative chromatogram of crude mixture of I and II.
Whatman Partisil Prep 40 ODS-3 in Whatman Magnum Prep 40 column (4.8 x 50 cm), 17~25%

acetonitrile in 0.3 % HFBA, 85 ml/minute, UV at 310 nm.

Table 2. Physico-chemical data on actinoidins A and A2 isolated from AAJ-193.
A A*

Elemental analysis
Calcd for : C84H94N9O3iCl à" 10H2O : C84H93N8O33C1 à" 10H2O :

C51.97,H5.92,N6.49,Cl1.83, C51.52,H5.82,N5.72,Cl1.81,

TGA 9.5% TGA 9.2%
Found: C50.06,H5.ll,N5.67, Cl2.49, C48.61,H5.04,N5.13,Cl1.31,

TGA9.5% TGA 8.7%
FAB-MS (M+H)+

Fragments 1,760, 1,631, 1,617, 1,469 1,777, 1,631, 1,634, 1,469

UV ^X3CN-H2° nm (E1L)
pH 2 280 (35) 280 (35)
pH 10 300 (40) 300 (40)
W2D5 (c0.1, H2O) 15.9° 3.3°
pi 8.5 6.9

MP > 300°C (dec) > 300°C (dec)
IR S£ (cm"1) 3400, 2910, 1650, 1600, 1580, 1500, 3400, 2910, 1650, 1580, 1500, 1380,

1380, 1320, 1250, 1205, 1100, 1050, 1320, 1250, 1205, 1100, 1050, 1010
1010

on a large particle low efficiency column (Fig. 4), thus producing the desired amounts of pure anti-
biotics in a single run in a matter of hours. Removal of excess heptafluorobutyric acid (HFBA)from
the pooled fractions from this preparation was accomplished by re-adsorption onto the samecolumn,
washing with 0.1 n phosphate buffer, pH 3.2, elution with 20% acetonitrile - 0.1 n phosphate buffer
followed by desalting on Dianion HP-20. A detailed description of the development of this ion-
pairing chromatographic system will be described elsewhere.

Chemical Characterization
The two major antibiotics displayed IR and UVspectra (Table 2) consistent with the glycopeptide

class of antibiotics, as exemplified by vancomycin,11'1^ ristocetm,13> 14) teicoplanin15) and the aridicins.5)
Component I was presumptively shown to be actinoidin A based on co-elution on HPLC, while the
second component appeared to be novel in that it eluted on HPLCat a retention time distinct from the
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Table 3. Activity of actinoidins A and A2 against Gram-positive bacteria.

FEB. 1987

MIC50 (range)a

Glycopept ide
antibiotic Staphylococcus aureus

MSC (N=13) MRd (N=15)

Staphylococcus epidermidis h

MS (N=13) MR (N=9)

Streptococcus
faecalis

MIC

Actinoidin A 1.6 3. 1
(1.6-3.1) (1.6-6.3)

Actinoidin A2 3. 1 6.3
(1.6-6.3) (3.1-12.5)

Vancomycin 1. 6 1. 6
(1.6-3.1) (0.8-6.3)

Teicoplanin 1. 6 3. 1
(0.8-1.6) (0.8-3.1)

3.1 12.5

(0.8-6.3) (6.3-12.5)

25 50

(3.1->5O) (12.5->50)

3.1 3.1

(0.8-3.1) (3.1-6.3)

3.1 12.5

(0.4-12.5) (3.1-25)

1.6

3.1

3.1

<0.1

a MIQois the minimum inhibitory concentration that inhibited 50% of strains tested. The MICrange
is given in parentheses.

b S. epidermidis includes a number of species of coagulase-negative Staphylococch
c MSindicates methicillin-susceptible strains.
d MRindicates methicillin-resistant strains.

Table 4. Activity of actinoidins A and A2, against
Staphylococcus aureus HH127 in mouse protection

tests.

Compounda
Actinoidin A
Actinoidin A2
Vancomycin
Teicoplanin

1.6

1.6

1.6

1.6

1.6

2.6

1.4

1.4

Compoundsadministered subcutaneously 1 and
5 hours post infection. Challenge dose: 28xLD50.

other glycopeptide antibiotics in our collection,
including actinoidin B. The actinoidin glyco-

peptides were first described by Shorin et al.2) as
products of Proactinomyces actinoides. Subse-
quent structural studies indicated that the two
components A and B, differed in the number of
chlorine atoms present. Based on extensive
degradation studies as well as analogy to other
glycopeptide structures reported in the literature
the tentative structures shown in Fig. 1 have

been proposed for actinoidins A and B.2~4)
The identity of I as actinoidin A was further supported by isoelectric focusing data, (8.5 pH units

for both) and FAB-MS(M+H+clusters for both at m/z 1,760 with major fragments at m/z 1,631,
1,617 and 1,469). The FAB-MSpeaks were attributable to losses of acosamine, actinosamine, and
acosaminyl-glucose as shown in Fig. 1. Component II had a pi of 6.9, a FAB-MScluster of m/z
1,777 and fragments at 1,631, 1,634 and 1,469. The presence of pseudo-aglycone fragment with the
same mass (m/z 1,469) and the identical nature of the cluster profile (isotope ratios) suggested that the
two antibiotics (I and II) had the same or isomeric nuclei but differed in carbohydrate content.

The antibiotics and an authentic sample of actinoidin A were hydrolyzed in dilute acid and the
released carbohydrates were analyzed, as alditol acetates, using gas chromatographymass spectro-
metry.5) The chromatograms of component I and actinoidin A both showed the presence of the alditol
acetates of actinosamine (289 amu), acosamine (317 amu), mannose (434 amu) and glucose (434 amu).
Component n, in the same analysis, lacked the peak corresponding to acosamine, but showed a new
peak at 376 amu corresponding to the alditol acetate of a deoxyhexose, rhamnose, confirmed by com-
parison with an authentic sample. The substitution of rhamnose (C6H12O5)for acosamine (C6H13NO3)
accounts for the 17 mass unit difference between the antibiotics and is consistent with the observed
FAB-MSfragmentation pattern of II, m/z at 1,631 (loss of rhamnose), 1,634 (loss of actinosamine)
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and 1,469 (loss of rhamnose and glucose). This last fragment suggests that the rhamnose is on the
same location as the acosamine in actinoidin A, but does not exclude the possibility that the rhamnose
is attached elsewhere in the molecule.

Further confirmation of the chemical similarity of these antibiotics to the actinoidins comes from
the amino acid analyses obtained using a recently described HPLCprocedure.5'1*0 Acid hydrolysis
of I, II and actinoidin A each yielded actinoidinic acid4) and /7-hydroxyphenylglycine (IV). The
presence of phenylalanine in the hydrolysates was more difficult to discern on HPLCdue to the low
extinction coefficient of this amino acid. However, phenylalanine and ^-hydroxyphenylglycine could
both be readily detected in all three hydrolysates using a BeckmanAutoanalyzer ion-exchange system
and detection by ninhydrin.

The physico-chemical data is consistent with component I being actinoidin A and component II
being a novel glycopeptide which differs from actinoidin A in the substitution of rhamnose for the
amino sugar acosamine. Because of this similarity we have namedthe major componentII "actinoidin
A2" and propose a structure for this antibiotic as shown in Fig. 1. Because certain structural features
for actinoidin A, such as location of the chlorines and sugar substituents, have not as yet been com-
pletely resolved in the literature, samples of actinoidins A and A2 are currently being studied by 2D
NMRspectroscopy. The results of the studies will be published elsewhere.17)

Biological Evaluation
Studies were carried out to determine the antimicrobial potency and spectrum of activity of ac-

tinoidin A2 in comparison with actinoidin A, vancomycin and teicoplanin. In commonwith other
membersof this class, actinoidin A2was active against Gram-positive bacteria and was inactive against
Gram-negative strains. Actinoidin A2 was consistently 2-fold less active than actinoidin A against
S. aureus strains. This difference was more pronounced with coagulase-negative Staphylococci
(Table 3).

In mouse protection tests, actinoidin A2 was effective against strains of Staphylococcus sp. which
were susceptible in vitro. Thus, the ED50 against S. aureus HH 127 was 2.6 mg/kg compared to 1.6
mg/kg for actinoidin A, 1.4 mg/kg for vancomycin and 1.4 mg/kg for teicoplanin (Table 4).

Conclusions

The new glycopeptide antibiotic, actinoidin A2, is structurally related to actinoidin A, but differs
in having the neutral sugar rhamnose rather than the amino sugar acosamine. Although similar in
polarity, this resulted in a lower net positive-charge for actinoidin A2. This necessitated the develop-
ment of an ion-pair preparative chromatographic separation system using HFBAto effectively separate
the two antibiotics. Actinoidin A2 has somewhat lower potency than actinoidin A against S. aureus
and coagulase-negative Staphylococci, potentially due to its decreased positive-charge.
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