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1. SUMMARY

In Streptomyces fradiae L-threonine is catabo-
lized by threonine dehydratase or threonine al-
dolase to 2-ketobutyrate or acetaldehyde and
glycine, respectively. Threonine dehydratase
synthesis is repressed and its activity is inhibited
by NH; ions. Threonine aldolase is not repressed
by NH{ ions and its activity is slightly stimulated
by these ions. The addition of threonine to the
medium increased pronouncedly the fraction of
non-branched fatty acids with an even carbon
number under conditions when threonine dehy-
dratase was repressed and inhibited. The results
indicate that threonine serves as a source of pro-
pionyl-CoA and 2-methylbutyryl-CoA and also of
acetyl-CoA required for tylosin and fatty acid
biosynthesis.

Correspondence to: A. Vantura, Department of Fermentation
Chemistry and Bioengineering, Institute of Chemical Technol-
ogy, 16628 Prague, Czechoslovakia.

2. INTRODUCTION

Streptomyces fradiae produces a macrolide anti-
biotic tylosin. Tylactone, the lactone ring of tylo-
sin, is formed by condensation of 2 acetate units,
5 propionate units and 1 butyric acid unit [1]. In
addition to malonyl-CoA, methylmalonyl-CoA
and isobutyric acid produced from valine [2,3],
some other amino acids can serve as precursors of
these units [4]. Cell fatty acids (FA) are synthe-
sized from the same subunits. The mutual regu-
lation of the metabolism of amino acids, FA and
the oligoketide antibiotic is a suitable model for
studying the relationship between the primary and
secondary metabolism and yields valuable infor-
mation for a directed selection of high-production
mutants. By influencing the synthesis or catabo-
lism of certain amino acids it is possible to study
the regulation of tylosin synthesis {5} and the flow
of carbon atoms between the metabolism of amino
acids and of oligoketides [6).

Omura found that the addition of L-threonine
to a minimal medium led to an increased synthesis
of the tylosin lactone from 18.0 pg/ml to 30.1

0378-1097,/88,/503.50 © 1988 Federation of European Microbiological Societies



412

pg/ml. The author assumed that threonine was
metabolized to propionyl-CoA [4,5]).

Therefore, in the present work we studied the
metabolism of threonine, its regulation and its
relation with the tylosin and FA biosynthesis and
found that S. fradiae metabolizes threonine to
2-ketobutyrate, occasionally to propionate and, in
addition, to acetyl-CoA. This metabolic pathway
apparently predominates under conditions of
tylosin biosynthesis inhibition by NH; ions.

3. MATERIALS AND METHODS

3.1. Microorganisms and cultivation conditions

S. fradiae 30/1 was obtained from the collec-
tion of the Research Institute of Biofactors and
Veterinary Drugs in Koufim, Czechoslovakia.
Characteristics of the strain have already been
published [7). The first generation (inoculum) was
cultivated in a synthetic medium containing (%,
w/v): sucrose, 2.0; NaCl, 0.5; CaCO,, 0.3; MgSO,
-7 H,0, 0.05; K,HPO,, 0.1; (NH,),SO,, 0.33;
tris-(hydroxymethyl)-aminomethane (Trizma
base), 1.21. One ml of a solution of trace elements
containing FeSO, - 7 H,0, MnCl, - 4 H,0, ZnSO,
-7 H;0, CuSO, - S H,0 and CoCl, -2 H,0 (each
at 0.1%) was added to 1 litre of the medium.

The first generation was cultivated for 48 h, the
second generation was inoculated with 5% of the
first generation and was cultivated in medium A
containing (%, w/v): sucrose, 2.5; (NH,),SO,,
0.17 (25 mM NH}); K,HPO,, 0.05; concentra-
tions of other compounds were identical with those
in the medium for the first generation, or in
medium B identical with medium A but contain-
ing sodium L-glutamate, 0.47% (25 mM) instead of
(NH,),S0,; pH of all media was adjusted to 7.3
with 1 M HCI before heat sterilization. Solutions
of L-threonine, (NH,),SO, and L-glutamate were
always sterilized separately and added before the
inoculation. The cultivation was carried out in
500-mi flasks containing 70 ml of the medium on
a reciprocal shaker (1.7 Hz). Biomass of 10-20
flasks was harvested by centrifugation (4° C). The
presented values of the FA profile and of enzyme
activities were obtained in a 72-h culture (end of
the exponential phase of growth).

3.2. Analytical methods

Biomass was determined gravimetrically, cell-
free extract was prepared from the mycelium dis-
integrated in a bacterial X-press (Biox) [8], and
proteins were determined by means of the absorp-
tion method of Whitaker and Granum [9].

Threonine dehydratase (EC 4.2.1.16) was as-
sayed by determining 2-ketobutyric acid produced
with 2,4-dinitrophenylhydrazine [10] modified so
that the reaction mixture contained 120 mM L-
threonine and 1 mM AMP. Activity of threonine
aldolase was assayed by means of alcohol dehy-
drogenase [11). The activity values determined were
also confirmed by determining the acetaldehyde
produced by gas-liquid chromatography (GLC)
{12). The results obtained by means of GLC and
alcohol dehydrogenase did not mutually differ by
more than +10%. Activity of transaminase
branched-chain amino acids (EC 2.6.1.42) was as-
sayed by determining 2-ketoisocaproate produced
in a reaction with 2,4-dinitrophenylthydrazine [13].
Determinations of tylosin (biological titration
using Sarcina lutea as test microorganism) and of
fatty acids (capillary GC-MS in the HP 5995
apparatus) have already been described [6).

4. RESULTS AND DISCUSSION

Table 1 shows the FA content and growth of S.
Jfradiae under given conditions. In medium B with
added L-threonine, the fraction of unbranched FA
with odd carbon number increased; during bio-
synthesis of these FA propionyl-CoA serves as
starting primer. The anteiso FA content, derived
from 2-methylbutyryl-CoA (starting unit) pro-
duced by oxidative decarboxylation of 2-keto-
methylvalerate, a direct precursor of isoleucine
biosynthesis (Fig. 1), increased as well. Addition
of L-threonine to medium A increased the un-
branched FA with an even carbon number whilst
other FA groups decreased pronouncedly. The
total amount of FA groups decreased pro-
nouncedly. The total amount of FA was constant
under all cultural conditions and the quantity of
lipids (determined as CH,OH : CHCL, (1:1) -ex-
tractable material) did not vary.

The results obtained when studying the regu-
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Table 1
Effect of L-threonine concentration on the composition of cell fatty acids (72-h culture) and growth of S. fradise
Fatty acids * Medium A (25 mM NH} ) Medium B (25 mM L-glutamate)

0o® 1 3 10 0 1 3 10
Even straight 7.8 143 43 463 354 315 276 4.7
Odd straight 125 121 10.7 93 84 131 158 171
Even iso branched 202 184 119 9.7 4.5 183 15.7 134
0Odd iso branched 20.5 18.0 158 71 63 5.1 44 39
Anteiso branched 390 372 373 211 254 320 36.5 40.9
Maximum growth (mg/ml) 35 37 40 4.5 38 39 39 42
Doubling time (h) 181 17.8 17.3 15.2 1.2 1.1 109 10.5

* Individual classes of fatty acids included the following fatty acids; even straight, 14:0, 16:0, 16: 1, 18:0, 18: 1, 18:2; odd straight,
15:0, 17:0, 17:1; even iso branched, i-14:0, i-16:0; odd iso branched, i-15:0, i-17:0; anteiso branched, 2i-15:0, 2i-17:0.

b Addition of L-threonine (mM).

lation of enzymes of threonine metabolism in-
volved in the production of acetyl-CoA, pro-
nionyl-CoA and 2-methylbutyryl-CoA are pre-
sented in Table 2. Threonine dehydratase was
partially repressed by ammonium ions (medium
A). The induction by threonine was more signifi-
cant in cells cultivated in the medium B. Synthesis
of threonine aldolase was not influenced by
nitrogen sources used and threonine induction was
similar in both the media. Synthesis of trans-

L-THREONINE

threonine threonine aldolase
dehydratase; |
regulation u‘

2-ketobutyrate acetaldehyde + glycine

TYLOSIN

tomy1-Co \mtn-eu

FATTY ACIDS

2-keto-3-methylvalerate -—:m’hu

branched-chain amino
acid transaminase

isoleucine

Fig. 1. Hypothetical scheme of L-threonine metabolism and its
relationship with the biosynthesis of tylosin and fatty acids in
S. fradiae.

aminase for branched amino acids was induced
only by threonine added to the medium with
glutamate (medium B).

Figure 2 illustrates the regulation of threonine
dehydratase activity and threonine aldolase activ-
ity by NH; ions. Threonine dehydratase was
significantly inhibited by NH; ions even when
stimulated by AMP; threonine aldolase was
slightly stimulated by NH] ions.

On the basis of changes in FA profile with
nitrogen source and regulation of synthesis and
activity of the enzymes involved, it can be as-
sumed that threonine is metabolized to 2-keto-
butyrate under conditions when threonine dehy-
dratase is not cither inhibited or repressed by
ammonium ions. The latter compound can then be
used for the synthesis of isoleucine or decarboxy-
lated to propionyl-CoA. The assumption that de-
carboxylation is involved, is supported by a higher
occurrence of unbranched FA with odd carbon
number, whereas the increased amount of anteiso
FA could be due to the 2-methylbutyryl-CoA pro-
duced. The existence of this metabolic pathway
yielding 2-keto-3-methylvalerate, is also supported
by the induction of transamination of branched-
chain amino acids (Table 2).

When using NH; ions as a nitrogen source
threonine dehydratase is inhibited and repressed
and threonine is degraded by threonine aldolase to
glycine and acetaldehyde which is further
metabolized to acetyl-CoA. In this case the rela-
tive occurrence of unbranched FA with even
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Table 2

Regulation of activity of threonine dehydratase, threonine aldolase and transaminase of branched-chain amino acids in media A and

B (72-h culture)

Medium Tylosin Threonine Threonine Branched-chain
(pg/ml) dehydratase aldolase amino acid
(nkat/mg proteins) (pkat/mg prot.) transaminase

(nkat/mg prot.)

A (2SmM NHJ) 29 81 26 0.23

A+75mM NH} (100 mM NH) 12 7.5 3 0.24

B (25 mM L-glutamate) 98 113 P 0.25

A +10 mM L-threonine n2 114 52 0.26

B + 10 mM L-threonine m 238 56 0.51

carbon number increased. However, threonine was
found to stimulate tylosin production, irrespective
of the metabolic pathway involved (Table 2). It is
not clear, whether this stimulation involves only
the production of acetyl-CoA and propionyl-CoA
for the biosynthesis of tylactone or also the induc-
tion of branched-chain amino acid synthesis, as it
is known that valine is a precursor of the tylosin

1 1 1
0 100 200 300

Cowiy [mM]

Fig. 2. Effect of NH concentration on the activity of threonine
dehydratase and threonine aldolase in a crude, desalted cell-free
extract; Cells were cultivated in the medium B for 72 h and the
cell-free extract was prepared as described in Section 3. a, =
relative activity; 1= activity of threonine dehydratase without
AMP; 100% a, corresponds to the activity of 2.1 nkat/mg
protein; 2 = activity of threonine dehydratase with AMP ad-
ded to the assay mixture; 100% a, corresponds to 11.3 nkat/mg
protein; 3 = activity of threonine aldolase; 100% a, corre-
sponds to 27 pkat/mg protein.

butyrate unit [2,4]. Threonine aldolase activity
might also be involved in the biosynthesis of the
macrolide avermectins, where the starting unit can
be derived from isoleucine or 2-methylbutyrate
[14).

Threonine dehydratase thus appears to be an
enzyme regulating isoleucine synthesis and, in ad-
dition, the flow of carbon atoms in the catabolism
of threonine and FA synthesis. In addition to
valine dehydrogenase (EC 1.4.1.8), which is also
repressed and inhibited by ammonium ions and is
involved in the regulation of the biosynthesis of
tylosin [15]) and FA [16], the other enzyme which
regulates the polyketide synthesis by means of
regulation of branched-chain amino acid metabo-
lism is threonine dehydratase. Its activity was
neither inhibited nor stimulated by any branched
amino acid. However, it was stimulated by AMP,
ADP, ATP in decreasing order. Kinetic properties
of the enzyme and its role in the regulation of
tylosin biosynthesis in S. fradiae are being studied.
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