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The LL-D05139 complex, containing LL-D051398 and azaserine, was recovered from
the fermentation filtrate of Glycomyces harbinensis (NRRL 15337). A chemically defined
medium was developed which favored the production of LL-D051398. Antibiotic LL-
DO051395 was isolated from the fermentation filtrate by adsorption on granular carbon and
further purified by chromatography on microcrystalline cellulose. Acid hydrolysis of LL-
D051398 gave one molar equivalent each of alanine and serine. Both amino acids were
found to have the L-configuration by GC analysis on a chiral column and alanine was as-
signed to be the N-terminal amino acid by Edman degradation. This information coupled
with IR, UV, tH NMR, *C NMR and MS spectral data allowed us to assign the structure of
LL-D051398 as alanylazaserine. LL-D051398 demonstrated greater antibacterial and
biochemical induction assay activities than azaserine. The two drugs showed similar anti-
tumor activities.

The LL-D05139 complex was produced by Glycomyces harbinensis, isolated from a soil sample
collected in the vicinity of Harbin, China.” The activity in the fermentation broth was initially de-
tected as a cell-wall biosynthesis inhibitor by the use of a g-lactam supersensitive mutant of Escherichia
coli. The antibiotic complex inhibited the growth of Proteus mirabilis and Staphylococcus aureus but
not their respective L-forms.? The complex was also found to be active in the biochemical induction
assay (BIA),” a detection system for agents directly or indirectly initiating DNA damage, which has
been used for antitumor drug screening.®

The fermentation, isolation, structure determination and biological activities of LL-D051398 (1)
are described in this paper.>~® The other component of the complex, LL-D05139« (2), was identified
as azaserine, a known antitumor antibiotic.?1%

Fermentation

Early analytical work showed that Glycomyces harbinensis (NRRL 15337) produced a mixture
of two components with LL-D05139« (azaserine) predominating, Fermentation studies were ini-
tiated to selectively improve the yield of LL-D051398. A variety of complex carbohydrate and
nitrogen sources were tested and all resulted in substantial yields of the &« component only. How-
ever, the use of a chemically defined medium led to fermentations with enhanced yields of LL-D051398
(~ 330 pug/ml) and reduced yields of LL-D0513% (~ 95 ug/ml). The composition of the seed medium
and fermentation media for production of a (medium A) and 8 (medium B) are shown in Table 1.
Seed medium (50 ml in 250-m! Erlenmeyer flasks) was inoculated with mycelial and spore scrapings
from slant surfaces and was incubated on a rotary shaker (200 rpm) at 28°C for 3 days. A 5.0-ml
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Table 1. Seed and production media for the LL~-D05139 antibiotics.
Seed medium= Production medium A® Production medium B*
(g/liter) (g/liter) (g/liter)
Glucose 10 Glucose 10 Glucose® 20
Dextrin 20 Bacto-peptone® 5 NaNO; 1
Yeast extract 5 Molasses 20 FeSO, - 7H,0 0.1
NZ-Amine A 5 CaCO; 1 MgSO,-7H,0 0.2
CaCoO, 1 CaCo;, 5

¢ The pH of all media was adjusted to 6.84-0.2; tap water was used for all media preparation.

b  Pifco Laboratories.
¢ Sterilized separately.

Table 2. Physico-chemical properties of antibiotic LL-D051398.

Decomposes rapidly below pH 5.0, fairly stable in weakly basic solutions

Appearance Pale yellow amorphous solid
Stability
[} +57+5° (¢ 0.19, H;0)

244
250 (646) (Fig. 1)

MW (FAB-MS) m/z
UV 2E8 nm (¢)
IR (KBr) cm™1

3600~ 3150, 3150~2500, 2120, 1680, 1620, 1525, 1390, 1345 (Fig. 2)

TLC? (Rf) 0.27 (1-propanol - H;O, 80:20), 0.35 for azaserine;
0.62 (MeOH - H,0, 95:5), 0.3 for azaserine
HPLC (R,o1) 6.0 mi®, 3.2 ml for azaserine

®  Merck Silica gel 60. Detected by bioautography against Klebsiella pneumoniae AD, UV, .1, quenching

and ninhydrin spray.

b Column: Nucleosil 10, N(CH;);, 4.0 mmx25cm; solvent: MeOH - 2-propanol - H,O (75:5:20);
detector: UV, 254 and 280 nm, both at 0.05 aufs; flow: 1.5 mi/minute.

FAB-MS: Fast atom bombardment mass spectra.

portion of the seed was inoculated into the
production medium (100 ml in 500-ml Erlenmeyer
flasks), which was then incubated under the same
conditions and harvested after 5~ 6 days.

The ratio of the components produced and
the antibiotic titer in fermentation broths were
monitored by bioautography against Klebsiella
pneumoniae AD using the TLC solvent system,
methanol - water (95 : 5), and by HPLC (Table 2).

Isolation

The procedure for the isolation of LL-
DO051398 from fermentations conducted in medi-
um B is depicted in Scheme 1. Due to its poor
stability in acid, solutions containing LL-D051393
were kept between pH 7 and 9.5 throughout
the isolation process. A 9-liter portion of the
fermentation broth was filtered and the filtrate
(8,200 ml, containing 164 ug/ml of LL-D051398,
as determined by HPLC analysis), was adjusted
to pH 9.0 by adding dilute NaOH. The filtrate
was then cooled in an ice-water bath and was

passed through a column (3.2 x 85 cm) of granular

Ryq:: Retention volume.

Scheme 1. Process for the isolation of antibiotic
LL-D051394.

Fermentation filtrate
(8,200 ml, 164 pg/ml LL-DO051398)

adjusted to pH 9.0
cooled in an ice-water bath

Granular carbon

washed with water
eluted with 0~60% agq MeOH gradient

Fractions containing LL-D051398

pooled, concentrated to remove MeOH

neutralized, lyophilized

Partially purified LL-D051398
(1,427 mg, 32% pure)

microcrystalline cellulose
column chromatography

1-propanol - HyO (80: 20) elution

I
Pure LL-D051398
115 mg

L
48 % pure LL-D051398
378 mg

microcrystalline cellulose

column chromatography
1-propanol - H,0 (80:20)
| elution

Pure LL-D051398
51 mg
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carbon at 16 mi/minute. The column was first washed with one bed volume of water and was then
eluted at 2.6 ml/minute with a linear gradient of water to water - methanol (40 : 60) over a period
of 6 hours. Fractions were collected every 5 minutes and analyzed by TLC (Table 2) and an agar -
diffusion assay using E. coli as the test organism. Concentration, neutralization (with dilute aqueous
HCI) and lyophilization of the active fractions yielded 1,427 mg of partially purified (32% pure) LL-
D051398.

The partially purified LL-D051393 was chromatographed in two batches over a microcrystalline
cellulose column (2.5x 110 cm) equilibrated with 1-propanol - water (80:20) and eluted with the
same solvent mixture at 2 ml/minute. Fractions containing pure LL-D051398 were pooled and the
1-propanol was azeotroped off in vacuo with an additional 1/2 volume of water. The aqueous
solution was then neutralized and lyophilized to yield 115 mg of pure LL-D051398. Side fractions
were rechromatographed under the same conditions to yield an additional 51 mg of pure LL-D051398.

When a complex medium (such as medium A) was used for the fermentation, LL-D051398 could
not be adsorbed from the fermentation filtrate by granular carbon, presumably due to the lower titer
of LL-D051398 and the presence of large amounts of azaserine and other interfering impurities. In
this case, the fermentation filtrate was passed through a column of granular carbon to remove azaserine
and some other impurities. The column effluent which contained LL-D051398 was then passed
through a weak anion-exchange resin such as Amberlite IR45 (OH™~) or an anion-exchange Sephadex
such as DEAE- or QAE-Sephadex. LL-D051393 was eluted from the anion exchanger with dilute
aqueous base and desalted via a granular carbon column and further purified as described above. In
general, the overall recovery of LL-D051398 from a complex medium fermentation was poor due to
the additional processing steps required for this inherently unstable compound.

Physico-chemical Properties

Antibiotic LL-D051398 was obtained as a

. . . Fig. 1. UV spectrum of LL-D051393, 20 1
pale yellow amorphous solid. It is soluble in £ P # ug/m

solutions.
water and lower alcohols and is fairly stable in

weakly basic solutions but decomposes rapidly
below pH 5.0. Analytical standards (0.1 mg/ml
in methanol) could be kept at —20°C for 2
months with no appreciable decomposition.
Selected physico-chemical properties of antibiotic
LL-DO051393 are listed in Table 2.

Absorbance

Structure Elucidation

The UV spectrum (Fig. 1) of LL-D051393

is identical to that of azaserine and indicative

of a diazo-ester functionality. The decomposi-

tion of both antibiotics in dilute acid was fol- 320 nm

lowed by monitoring their absorbance at 250 nm.

——— MeOH
Both decomposed completely after they were e 0.02M Na2OH in MeOH
exposed to 0.02 M HCI in methanol for 1 hour. ... 0.02M HCI in MeOH

The IR spectrum (Fig. 2) of LL-D051398 showed —=-— 0.02M HCI in MeOH, after 1hour
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Fig. 2. IR spectrum of LL-D051393 (KBr disc).
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Table 3. 'H and *C NMR chemical shifts of LL-D051393 and azaserine.

'H NMR (300 MHz, D,0, §) 13C NMR (20 MHz, DMSO-d;, 6)
Position
LL-D051398 Azaserine LL-D051398 Azaserine

1 5.21 (1H, s) 5.52(1H, s) 59.1 60.9
2 171.1 171.7
3 4.33 (2H, m) 4.35 2H, m) 65.5 64.0
4 4.25 (1H, m) 3.47 (1H, dd) 55.2 54.4
5 182.5 174.3
6 175.2
7 3.79 (1H, q, J=6.9 Hz) 43.9
8 1.34 (3H, d, J=7.1 Ho) 17.2

a strong absorption at 2120 cm™! consistent with (!? (“)

the presence of a diazo-ester. The IR (KBr) spec- 1(1:&:cH(:()CIjlzc‘l:HI\mcéHNH2

1 2 3 6
trum of azaserine showed a similarly strong ab- C500H gHs

sorption at 2115 cm~*. In addition, the 'H and

LL-D051395 (1)
13C NMR spectra of LL-D051393 had peaks

comparable to the signals attributed to the . (“) \

diazo-ester function of azaserine (Table 3). N=N=CHCOCH,CHNH,
Degradation studies (Scheme 2) were carried COOH

out on LL-D051398 in order to determine its Azaserine (2, LL-D()55139 o)

amino acid composition. Acid hydrolysis (sealed

tube, 6 M HCIl, 104°C, 16 hours) of LL-D051398 released one molar equivalent each of alanine and
serine as determined by standard amino acid analysis; no other amino acids were found. The amino
acids contained in the acid hydrolysate were also converted to their N-trifluoroacetyl-O-methyl esters
and were analyzed by the well-accepted gas chromatographic procedure with an asymmetric stationary
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Scheme 2. Degradation studies of LL-D051398.

1) acid hydrolysis
Alanine, serine

2) amino acid analysis

1} Edman degradation

(N-terminal amino acid analysis)
LL-D051398 PTH-alanine
2) HPLC analysis of PTH-amino acid

1} acid hydrolysis
2) MeOH - HCI, 60°C, 1hour

L~Alanine, L-serine

3) trifluoroacetic anhydride - CHyCly,
room temp, 3 hours

3) GC analysis
on a chiral column chromatography

Table 4. Antimicrobial spectrum of LL-D051398 and azaserine.

MIC (pg/ml) range®

Organism (strains tested)

LL-D051398 Azaserine
Staphylococcus aureus (3) 16 >256
Enterococcus sp. (2) 64 64~256
Bacillus subtilis (1) 16 32
Micrococcus luteus (1) 4 64
Escherichia coli (3) 4~8 32~ 128
Klebsiella pneumoniae (3) 4~128 64~ >256
Enterobacter sp. (2) 128 >256
Serratia sp. (2) 32~64 256 ~>256
Proteus (indole +) (2) 16~64 256~ >256
Pseudomonas aeruginosa (3) 128~ >256 32~256
Acinetobacter calcoaceticus (2) 128 ~ >>256 4~16

2 MICs were determined by the standard agar-dilution method in Mueller-Hinton medium.

phase, N-lauroyl-L-valine-fert-butylamide.' Both alanine and serine derived from LL-D051398 were
found to have the L-configuration. N-Terminal amino acid analysis of LL-D051398 using the Edman
degradation procedure followed by HPLC analysis of the PTH-amino acid identified alanine as its N-
terminal amino acid.!2.!® Thus, the chemical structure of LL-D051398 was assigned as alanylazaserine
(1). The 'H and *C NMR chemical shifts of LL-D051398 were assigned and correlated with those

of azaserin (2) as sehown in Table 3.

Biological Activities
Antibiotic LL-D051398 is more active than azaserine against a spectrum of Gram-positive and
Gram-negative bacteria (Table 4). Similarly, LL-D051398 is more active in the BIA with peak enzyme
induction at ~ 5 ug/ml compared to ~ 100 ug/ml for azaserine (Fig. 3). LL-D051398 is less active
than bleomycin in the BIA. LL-D051398 and azaserine showed camparable activity in the human
lung and colon tumor clonogenic (stem cell)!¥ assay and in the murine P388 leukemia in vivo test.
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Fig. 3. The activity of LL-D051398 in the BIA.
LL-D051398 (O) was compared with azaserine () and bleomycin (A) for the induction of §-
galactosidase synthesis in a modified version of the BIA.'®

181
16 |
L2
— -
©
-
e 14r
2
- 7
?5 4
- 8rf
£
3 L
© 6
)
w -
o
-
.
©
Q L
|
<= 2+
0 1 1 1 L J

0.1 1 10 100 500

Antibiotic concentration (pg/ml)

Acknowledgment

The authors gratefully acknowledge the support and contributions of many co-workers in the Microbial

Physiology, Antimicrobial Chemotherapy, Chemotherapy Research, and Analytical Service Departments at the
Medical Research Division of the American Cyanamid Company. In particular, we wish to thank Mrs. J. K.
MannNING and Ms. M. M. LeiguaToN for technical assistance.

D
2)
3)
4)

5
6)
7
8

.9)

References

LABEDA, D. P.; R. T. TestA, M. P. LECHEVALIER & H. A. LECHEVALIER: Glycomyces, a new genus of the
Actinomycetales. 1Int. J. Syst. Bacteriol. 35: 417~421, 1985

ScHMITT-SLoMsKkA, J.: L-Forms as models for the study of antibiotic activities. Microbiol. Ser. 17:
229~262, 1986

FELespUrRU, R. K. & M.B. YarRMOLINSKY: A colorimetric assay of lysogenic induction designed for
screening potential carcinogenic and carcinostatic agents. Environ. Mutagen. 1: 55~78, 1979

ELespurU, R. K. & R. J. WHITE: Biochemical prophage induction assay: A rapid test for antitumor agents
that interact with DNA. Cancer Res. 43: 2819~2830, 1983

LEg, M. D. & D. B. BorDErs: LL-D051398, a new antitumor antibiotic: Isolation and structure deter-
mination. Program and Abstracts of the 24th Intersci. Conf. on Antimicrob. Agents Chemother., No.
1144, p. 293, Washington, D.C., Oct. 8~ 10, 1984

FanTini, A. A.; N. A, Kuck, R.E. WALLACE, J. P. THoMmas, J. D. KorsHarLA & R.T. Testa: LL-
D051398, a new antitumor antibiotic: Fermentation and biological properties of the producing culture.
Program and Abstracts of the 24th Intersci. Conf. on Antimicrob. Agents Chemother., No. 1143, p. 292,
Washington, D.C., Oct. 8§~ 10, 1984

Leg, M. D.; D. B. BorDERS, D. P. LABEDA, A. A. FANTINI & R. T. TesTA (American Cyanamid): Anti-
biotic LL-D051398. U.S. 4,503,044, Mar. 5, 1985

Leg, M. D.; D.B. BorDERs, D. P. LABEDA, A. A, FanTINI & R. T. TESTA (American Cyanamid): Prepara-
tion of antibiotic LL-D051398 from cultures of Glycomyces harbinensis, gen. nov., sp. nov. U.S. 4,568,646,
Feb. 4, 1986

CATANE, R.; D. D. VoN Horr, D. L. GLAUBIGER & F. M. MuGaGIAa: Azaserine, DON, and azotomycin,
three diazo analogs of L-glutamine with clinical antitumor activity, Cancer Treat. Rep. 63: 1033~ 1038,
1979



YOL. XL NO. 12 THE JOURNAL OF ANTIBIOTICS 1663

10)
11)

12)
13)

14)

15)

PERANTONI, A.; J.J. BERMAN & J. M. RICE: L-Azaserine toxicity in established cell lines. Exp. Cell
Res. 122: 55~ 61, 1979

CHARLES, R.; U. BEITLER, B. FEIBUSH & E. GIL-Av: - Separation of enantiomers on packed columns con-
taining optically active diamide phases. J. Chromatogr. 112: 121~ 133, 1975

TARR, G. E.: Improved manual sequencing methods. - Methods Enzymol. 47: 335~ 357, 1977
ZiMMERMAN, C. L. & J. J. Pisano: High-performance liquid chromatography of amino acid derivatives.
Methods Enzymol. 47: 45~ 51, 1977

HAMBURGER, A. W. & S. E. SALMON: Primary bioassay of human tumor stem cells. Science 197: 461~
463, 1977

GREENSTEIN, M.; T. MonNiI, R. YEUNG, W. M. MaIese & R.J. WHiTE: Light-dependent activity of the
antitumor antibiotics ravidomycin and desacetylravidomycin. Antimicrob. Agents Chemother. 29: 861 ~
866, 1986



