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Communication to the editors

MICROBIAL TRANSFORMATION

OF ANTIBIOTICS. II

PHOSPHORYLATION OF LINCOMYCIN
BY STREPTOMYCES SPECIES

Sir:

In the preceding paper in this series1} we
reported on the transformation of lincomy-
cin (I) to lincomycin sulfoxide and 1-deme-

thylthio-1-hydroxylincomycin by Strepto-
myces lineolnensis. This communication,
describes studies related to the microbial
transformation of lincomycin to lincomycin-
3-phosphate (II) (Fig. 1).

Several streptomycete species were found

to have the ability to inactivate lincomycin.
For example, Streptomyces rochei, grown in
a synthetic medium, completely inactivated
50mcg/ml of lincomycin in less +han 48

Fig. 1.
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Fig. 2. Bio-radiogram1*2) of fermentation beer of
S. rochei containing [35S]-lincomycin
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1) Solvent: 1-Butanol-water (84:16 v/v) con-

taining 0.2 % of piperidine
2) Peaks indicate radioactivity while circles show

zones of frfoacitivity vs. Sarcina lutea.

Fig. 3. Isolated lincomycin phosphate
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hours. With the use of 35S-linco-

mycin it was found that the antibiotic
was transformed to a single compound.
As shown in Fig. 2, immediately after

addition of radio-active lincomycin to*
the fermentation a single &zoactive and

radioactive spot was observed. After
24hours, more than half of the radio-
active lincomycin added had been

transformed to a fo'oinactive compound.
After 48 hours almost all of the radio-
activity was in a single peak, welL
separated from lincomycin.

The inactivated lincomycin was ex-
tracted from the beer efficiently by
adsorption on carbon followed by elu-
tion with aqueous acetone. It was
purified by counter double current
distribution and countercurrent dis-

tribution using 1-butanol- water (1 : 1
v/v) as the solvent system.

The molecular formula of the iso-
lated compound (C18H35N2O9SP) plus
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Fig. 4. Nuclear magnetic resonance spectrum of lincomycin-3-phosphate.

the specific rotation ([a]I5 +127°, c 0.7 water)
and the infrared spectrum indicated a linco-
mycin-related material. The lack of in
vitro activity, the presence of one phos-
phorous atom per molecule and the produc-
tion of lincomycin by treatment with
.alkaline phosphatase indicates that P is
present as part of a phosphate ester group-
ing. This conclusion is in agreement with
potentiometric titration data.

Furthermore, hydrazinolysis2) of the ob-

tained material afforded ^-methyl thiolinco-
saminide (III) and the hydrazide of 1-methyl-
4-propyl-L-proline (IV) which was trans-
formed to the crystalline hydrochloride of
V by acid hydrolysis. These results are in
.agreement with the postulation of a linco-
mycin phosphate ester structure for the
i>zo-inactive material.

The nuclear magnetic resonance spectrum*
(Fig. 4) of the phosphorylated lincomycin

was identical to the spectrum of lincomycin
in all areas except in the carbinolhydrogen
region. This indicates that the phosphate
å ester group is attached to carbon 2, 3, 4, or
7 of the aminosugar part of the molecule.
The microbiologically produced lincomycin
phosphate was compared to lincomycin-2-
phosphate and lincomycin-7-phosphate esters
(prepared by Dr. W. Morozowich of The
Upjohn Company) and was found to be

different from both. This leaves carbon 3
or 4 of the sugar moiety of the lincomycin

molecule as the possible point of attachment
of the phosphate group.

We propose the lincomycin-3-phosphate
(II) structure on the basis of periodate
oxidation. In this oxidation, lincomycin is

expected to consume3 moles of periodate,
one for oxidation on the sulfur and two
for the oxidation of the two vicinal glycol

groupings. Similarly lincomycin-2-phosphate
and lincomycin-4-phosphate are expected to

consume 2 moles of periodate. Lincomycin-
3-phosphate should consume only one mole
of periodate (for oxidation of the sulfur)
since the presence of the phosphate group
on C-3 eliminates glycol grouping in the
molecule. Actually, when lincomycin, linco-
mycin-2-phosphate, and the isolated linco-
mycin-phosphate were oxidized by periodate
under identical conditions, they consumed
3.5, 2.1 and 1.1 moles of periodate respec-
tively. These data, therefore, suggest that
the isolated lincomycin-phosphate is indeed
lincomycin-3-phosphate.

Lincomycin-3-phosphate is inactive in

vitro against several organisms including S.
aureus. However, this compoundwas found
to protect S. aureus infected mice with a
CD503) of ca. 30 mg/kg when it was admini-
stered subcutaneously.

* N.m.r. spectra were observed with a Varian A-60 spectrometer on solutions (ca. 0.4ml, ca.

0.25 m) of the compounds in deuterium oxide.
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It is of interest that in addition to linco-
mycin, other lincomycin-related antibiotics
such as 4/-depropyl-4/-ethyllincomycin (U-
21,699)4\ S-demethyl-S-ethyllincomycin (U-
ll,921)5), and l'-demethyllincomycin (U-
ll,973)6) as well as celesticetin7) were also
phosphorylated under conditions similar to
those used for lincomycin.
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