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  Micromonospora chalcea KY11091 produces 
tetrocarcin, showing antibacterial activity against 
Gram-positive bacteria and antitumor activity 
against experimental murine tumors.'-'> 
  Tetrocarcin A, a major component, consists 
of a thirteen-membered macrocyclic ring con-
taining tetronic acid (tetronolide),°> a nitro sugar 

(tetronitrose, the same as kijanose')) and deoxy 
sugars. The antibiotics known to have a 
similar aglycone to tetronolide are chlorothricin~> 
and kijanimicin9>. But they are different from 
tetrocarcin in several points. The unusual 
structural features of tetrocarcin prompted us 
to initiate a study of its biosynthesis. In this 
report, the incorporation of "C- and 13C-labeled 
compounds into tetrocarcin is described. 
  Compounds labeled with '4C were added at 
a concentration of 0.25 pCi/ml to a producing 
culture of M. chalcea KY11091 in a chemically 
defined medium') two days after inoculation. 
Labeled tetrocarcin A was extracted with ethyl 
acetate at pH 2 from the culture filtrate and 

purified by preparative TLC (Silica gel 60 
F2S4, Merck, CHCl3 - MeOH, 9: 1 v/v). Com-
pounds labeled with 13C were added at a con-
centration of 0.05°o to a producing medium 
consisting of 2 % soluble starch, 0.1 % yeast ex-
tract, 0.05% soy bean meal, 1 % peptone A, 
0.05 % K2HPO4i 0.05 % MgSO4.7H2O and 0.1 % 
CaCO3 two days after inoculation. The culture 
filtrate was extracted with ethyl acetate at pH 2, 
followed by hydrolysis with 0.2 N HCI - acetone 
at 80°C for 2 hours to give tetronitrosyl tetro-
nolide. Tetronitrosyl tetronolide labeled with 
'3C was purified by preparative TLC (Silica gel

Table 1. Incorporation of 14C-labeled compounds 

into tetrocarcin A.

  Labeled compounds 

[1_14 C]Acetate 
[2-14C]Acetate 
[1-1'C]Propionate 
D-[U-'4C]Glucosamine 
n-[U-14C]Glucose 
L-[U-"C]Leucine 
L-[U-'4C]Tyrosine 
L-[U-"C]Lysine 
L-[.L7etlry/-'4C]methionine

 *Incorporation 
into tetrocarcin A 

    (%) 

         0.4 
         1.1 
         1.4 

         0.2 
         0.3 

         0.3 
         0.5 

      <0.1 
         0.2

* The incorporation ratio represents: (Total dpm 

  of [1'C]tetrocarcin A/Total dpm of added "C-
  compound) x 100.

60 F.,4, Merck, CHCI3 - MeOH, 9: 1 v/v) and 
subjected to the measurement of 13C NMR 
spectra. 

  As shown in Table 1, [1-14C]propionate and 

[2-"C]acetate were efficiently incorporated into 
tetrocarcin A (1.4% and 1.1%, respectively). 
Furthermore, [1-14C]propionate, [2-"C]acetate 
and [1-14C]acetate were efficiently incorporated 
into tetronitrosyl tetronolide obtained by hydro-
lysis of the tetrocarcin complex from the culture 
filtrate (2.4%, 2.0% and 1.2%, respectively), 
while they were not efficiently incorporated into 
the deoxy sugars moiety (lower than 0.1 %) (data 
not shown). The reason that the incorporation 
was higher into tetronitrosyl tetronolide than 
into tetrocarcin A is that the tetronitrosyl te-
tronolide was derived from all the components of 
the tetrocarcin complex, while tetrocarcin A was 
just one of these components. Therefore, it is 
presumed that the main carbon skeleton of te-
tronitrosyl tetronolide is synthesized via the 

polyketide route from acetate and propionate. 
The incorporation of L-[U-1'C]leucine, L-[U-1SC]-
tyrosin and L-[methyl-11C]methionine into te-
trocarcin A was lower in efficiency than that of 

[2-14C]acetate and [114C]propionate, although 
these compounds promoted the production of 
tetrocarcin A in the chemically defined medium.,) 
In contrast, WALTZ et al. reported that L-[methyl-
14C]methionine was efficiently incorporated 

along with acetate and propionate into kijani-
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Table 2. Chemical shift assignments and enrichments of carbons of tetronitrosyl tetronolide labeled with 
    13C-Iaheled comncninds.

  Carbon 
   atom 

TI'"- 1 

2 

3 

4 

5 

6 

7 

8 

9 

   10 

   11 

   12 

   13 

   14 

   15 

   16 

   17 

   18 

   19 

   20 

   21 

   22 

    23 

    24 

   25 

   26 

   27 

   28 

   29 

   30 

    31 

    32 

 Tnb' - 1 

2 

3 

4 

5 

6 

   3-CH; 

4-NHCO.,CH: 

4-NHCO2CH,

Chemical 
 shift 

d (phm) 

 166.6 

 100.5 

206.4 

  51.2 

  42.9 

  31.0 

  41.7 

  39.2 

  75.9 

  34.8 

 126.2 

 125.7 

  54.3 

 136.2 

 123.0 

  31.0 

  77.8 

 141.0 

 118.4 

  44.8 

  69.4 

 149.7 

 136.2 

  29.7 

  83.9 

 201.4 

   15.1 

  22.1 

   13.0 

   14.3 

   16.1 

  192.5 

   96.4 

   35.9 

   91.6 

   53.7 

   69.4 

   16.9 

   25.3 

  157.5 

   52.7

Relative enrichment`

[1-"C]Acetate 

      4.6 

      0.7 

      1.0 

      0.7 

      1.0 

       1.0 

      0.9 

      0.8 

       3.4 

       1.0 

       2.S 

       1.0 

       1.0 

      0.8 

       3.6 

       0.7 

      0.8 

       0.6 

       3.9 

      0.7 

       3.3 

       0.7 

       3.8 

       0.8 

       0.8 

       0.7 

       1.0 

        1.0 

       0.9 

       0.8 

       0.9 

       0.7 

       0.7 

        0.8 

       0.8 

       0.8 

        1.0 

       0.8 

       0.8 

        1.5 

        0.8

[2-r C]Acetate 

      1.0 

      2.9 

      1.1 

      0.8 

      1.0 

       1.7 

       1.0 

      1.8 

       1.0 

       1.8 
       1.0 

       2.4 

       0.9 

      1.1 

      0.7 

       2.1 

       0.8 

      1.3 

      0.8 
      3.2 

       0.8 

       2.9 

       0.8 

       0.9 

       0.8 

       0.7 
       1.3 

       1.1 

       1.2 

        1.1 

        1.2 

       0.7 
       0.8 

        0.7 

        0.7 

       0.8 
        0.8 

        O.S 

       1.3 
         0.8

[i-'°C]Propionate 

        0.7 

        1.3 

        5.3 

       0.7 

        5.2 

        0.8 

        5.3 

        1.0 

        1.0 

        0.7 

         1.0 

         1.0 

        5.2 

        0.7 

         0.9 

        0.7 

         2.9 

        0.7 

        1.0 

        0.9 

         0.9 

         0.9 

         0.9 

         1.0 

        0.8 

         1.0 

         1.0 

        0.7 

        0.7 

         0.8 

         0.9 

          1.0 

         0.9 

         0.9 

          1.0 

         0.8 

         0.9 

         0.9 

          0.8 

          1.5 

          0.7

[3-1 C]Propionate 

       0.8 

       0.9 

        1.0 

       0.8 

       1.0 

       0.9 

       0.8 
        1.1 

        1.2 

       0.7 

        0.8 

       0.8 

        1.0 

        0.7 
        0.8 

        0.8 

        1.0 

        1.1 

         1.2 

        0.9 

        0.8 

        1.1 

        0.9 

        1.0 
        0.8 

        0.7 

        4.8 

         4.9 

         4.7 

         5.2 

         5.3 

         1.1 
         0.9 

         0.8 

         0.9 
         0.8 

          1.0 

          1.0 

         0.8 
          1.1 

         0.9

°~ tetronolide , bi tetronitrose 
   Relative enrichment is estimated as follows: Intensity of carbon atom of enriched tetronitrosyl te-

   tronolide/intensity of carbon atom of unenriched tetronitrosyl tetronolide.
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micin.10j The incorporation of L-[U-1`C]tyrosine 
into tetrocarcin A was a little higher than that 
of [1-11C]acetate. This suggests that tyrosine 
might also contribute to the biosynthesis of the 
aglycone of tetrocarcin. However, this result 
might be similar to the case of chlorothricin, 
where tyrosine was only incorporated into chloro-
thricin in an indirect fashion.", 12> Furthermore. 
the incorporation of L-[U-11C]tyrosine into te-
tronitrosyl tetronolide was substantially lower 
than [1-1=C]acetate (1.2°0), [2-1'C]acetate (2.0%) 
and [1-11C]propionate (2.4%). Therefore, 
whether leucine, tyrosine and methionine are 
the possible precursors of tetrocarcin A could 
not be clarified in this study. 

  Table 2 shows the chemical shifts in the 1cC 
NMR spectrum of tetronitrosyl tetronolide and 
the relative enrichment of each carbon atom of 
tetronitrosyl tetronolide with 13C-labeled pre-
cursors. The signal assignments of tetronitrosyl 
tetronolide were reported.",") The 11C NNIR 
spectrum of tetronitrosyl tetronolide labeled with 
[1-13C]acetate showed enrichment for C-1, C-9, 
C-11, C-15, C-19, C-21 and C-23, while [2-13C]-
acetate enriched C-2, C-10, C-1-1, C-16, C-20, C-22 
and C-32. Enrichment at C-S by [2-13C]acetate 
can be interpreted as the consequence of an in-
direct incorporation of the precursor through 

propionate as shown in the case of macbecin,l5% 
and macrolides.10'17) One molecule of acetate was 
incorporated into C-23 and C-32, the methyl 

group having been oxidized to aldehyde group. 
Five carbon atoms, C-3, C-5, C-7, C-13 and C-17 
were enriched by [1-13C]propionate, while [3-13C]-

propionate enriched five carbon atoms, C-27, 
C-28, C-29, C-30 and C-31. Therefore, it was 
concluded that the five methyl carbon atoms at 
C-4, C-6, C-8, C-14 and C-18 were derived from 
the methyl group of propionate. These pre-
cursors were not incorporated into tetronitrose. 
For the most part, the formation of tetronolide 
follows a similar pattern to the biosynthesis of 
chlorothricolide, the aglycone of chlorothricin.12I 
The origin of three carbon atoms, C-24, C-25 and 
C-26 in tetronic acid moiety of tetronolide re-
mained unresolved as in the case of chloro-
thricolide. Furthermore, the biosynthesis of 
sugar moieties (tetronitrose and deoxy sugars) 
in tetrocarcin A was not clarified. 
  Based on the results presented above, it was 
concluded that the aglycone of tetrocarcin A, 
tetronolide, was synthesized via the polyketide

route from seven acetate and five propionate 

units, leaving three carbon atoms of tetronic 

acid moiety unresolved, as shown in Fig. 1.
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