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1. SUMMARY

Fatty acid composition was analysed in the
producer of avermectins, Streptomyces avermitilis
C-18 grown in chemically defined medium with
different nitrogen sources. Significant differences
in nitrogen regulation of fatty acid biosynthesis
were found in this strain in comparison with
other streptomycetes studied so far. This finding
could be explained at the level of regulation of
branched-chain amino acid metabolism.

2. INTRODUCTION

Avermectins are 16-membered antiparasitic
macrolides produced by Streptomyces avermitilis
(1-3]. The lactone ring of the most common types
(Bla, B2a, Ala, A2a) is formed from one methyl-
butyrate, seven acetate and five propionate units
(4. A disaccharide a-L-oleandrosyl-a-L-olean-
drosid is attached to the C-13 of the lactone ring.
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Overproduction of lipids was reported in §. aver-
mitilis [5). Cellular lipids contained mostly triglyc-
erides and phospholipids with high content of
terminally branched fatty acids. A quantitative
and temporal correlation was found between the
production of avermectins and triglycerides in S.
avermitilis grown in chemically defined media [6).
Those two groups of metabolites are supposed to
compete for common precursors.

Methylbutyrate as starting unit of anteiso fatty
acids [7] or avermectins [8] could originate from
de novo synthesis of isoleucine carbon chain [6,9]
or directly from isoleucine catabolism through
transamination or deamination and oxidative de-
carboxylation [10]. A mutant strain lacking
branched-chain 2-oxo acid dehydrogenase activity
was blocked in avermectin production. This was
restored by supplementation with methylbutyrate
or isobutyrate [10]. Other carboxylic acids fed
during cultivation were used as alternative start-
ing units of avermectins yielding novel aver-
mectins [11,12}.

Biosynthesis of avermectins is significantly in-
fluenced by nitrogen sources used in cultivation
medium. Optimized chemically defined medium
contains ammonium sulfate. Higher concentra-



tions deminish the yield and isoleucine as the
only nitrogen source completely inhibits the pro-
duction of avermectins [13]. The interference of
nitrogen metabolism with the synthesis of precur-
sors of avermectins is proposed as an important
mechanism of depression of avermectin biosyn-
thesis by high ammonium concentrations [14].
Nitrogen regulation of fatty acid composition
in S. avermitilis is described in this paper. The
relations among branched-chain amino acid
metabolism and fatty acid and secondary metabo-
lite biosynthesis in streptomycetes are discussed.

3. MATERIALS AND METHODS

3.1. Organism, media and growth condition

A mutant strain of S. avermitilis C-18 derived
from strain ATCC 31267 was used [13]. Prepara-
tion of inoculum and cultivation conditions in
chemically defined medium were described ear-
lier {6).

3.2. Analytical methods

Determination of avermectins (TLC) and fatty
acids (GC-MS) has already been described [6).
Dehydrogenase and transaminase of branched-
chain amino acids were assayed spectrophotomet-
rically according to [15] and [16], respectively.
Proteins were determined as in [17). S. aureofa-
ciens was used as a positive control for measure-
ment of branched-chain amino acid dehydroge-
nase activity.

4. RESULTS AND DISCUSSION

Analysis of fatty acids of S. avermitilis grown
in defined medium containing various nitrogen
sources of supplements is given in Tables 1 and 2.
While the yield of both avermectins and lipids is
influenced by ammonium content in medium [6),
the simple correlation between avermectin pro-
duction or avermectin B/A ratio and fatty acid
composition was not found (Tables 1, 3). All the
identified fatty acids were in the range C;;-C,,.
Terminally branched fatty acids amounted to 60—
70% in chemically defined medium with different

amounts of ammonium salts. No significant
changes were found in fatty acid composition
when comparing mycelium growing in medium
supplemented with 0.05% or 0.5% ammonium
sulfate (Table 1, samples 1, 2). Table 2 shows the
composition of fatty acids during cultivation. At
the beginning of growth, there was a small shift in
the fatty acid composition, similar as described in
S. cyaneus [18), but the fatty acid profiles re-
mained relatively constant during the rest of cul-
tivation and similar in media with both low and
high amount of ammonium sulfate.

The addition of 2-methylbutyrate to the basal
medium with ammonium as a nitrogen source led
to the increase of anteiso-fatty acids and decrease
of straight-chain fatty acids (Table 1, samples 4,
5). The amount of iso-even and -odd fatty acids
was not changed. This is in agreement with the
pathway isoleucine — methylbutyrate — anteiso-
fatty acids, suggesting there is no cross-talk in
biosynthesis of iso- and anteiso-fatty acids using
2-methylbutyrate as a precursor. Isoleucine used
as the only nitrogen source changed the composi-
tion of fatty acids significantly: anteiso-fatty acids
were prevailing (90%) while iso-even and -odd
fatty acids formed only 4% of total (Table 1,
sample 3). This finding could be interpreted in
this way: isoleucine as the only nitrogen source
inhibited metabolism of branched amino acids
serving as building units for iso-branched fatty
acids. This is in agreement with previous findings
that isoleucine inhibites the growth of mycelium,
glucose consumption and biosynthesis of aver-
mectins [13,19]. Though the mechanism of
isoleucine action remains obscure, the under-
standing of this effect could also help to elucidate
the selective production of specific avermectins of
group ‘a’ with a starting unit derived from
isoleucine [20].

Nitrogen depression of antibiotic biosynthesis
is well known is streptomycetes [21]. However,
the relations between nitrogen metabolism and
the biosynthesis of lipids and antibiotics was stud-
ied in a limited number of species. In regulatory
mutants of S. cinnamonensis resistant to amino
acid analogues, the effect of change in biosynthe-
sis of endogenous precursors on the composition
of fatty acids was described [22,23]. The overpro-



Table 1

59

Composition of the main fatty acids in S. avermitilis after 10 days of cultivation in a chemically defined medium with different
nitrogen sources or supplements. Each sampie is the average from 3 to 5 flasks

FA® Sample number ®
1 2 3 4 5

i-13:0 0.1 al 00 090 0.0
ai-13:0 0.2 a3 25 06 05
13:0 0.0 [.1] 00 0.0 00
i-14:0 40 31 0.1 24 25
14:0 1.5 16 0.4 0.5 05
15:0 58 5.7 0.0 4.4 44
2i-15:0 21.3 218 62.9 34.1 324
15:1 0.2 0.2 00 0.0 0.0
15:0 5.4 35 0.7 11 14
i-16:0 9.1 16.8 0S5 204 209
16:1 72 6.6 0.9 44 43
16: 0 203 218 as 54 78
i-17:0 1.7 2.6 35 12 15
2i-17:0 10.1 14 248 230 214
17:1 1.7 0 0.1 10 1.2
17:0 14 1.2 0.1 0.0 0.0
18:1 00 0.9 0.0 1.0 09
18:0 0.0 0.4 0.0 0.5 03
i 234 199 0.6 pr3 ] 234
io 76 84 kX 56 8.9
2 31.6 3358 90.2 577 $43
n, 290 313 48 1.6 13.8
n, 8.7 6.9 09 2.3 26

* Relative proportions of the individual (atty scids in the samplc (mass %) i, isoscid; ai, anteisoucid; ¢ /0, even/odd. The first
number indicates the number of carbon atoms. The second the number of unsaturated bonds in the molecule.

® Synthetic medium with ammonjum sulfate 0.05% (1), 0.5% (2), 0.2% (4, 5) or isolcucine 0.2% (3) as the only nitrogen source,
respectively. 2-Methylbutyrate (1) mg/ml, final concentration) was added in 5 consecutive portions (day 5-9; column 4) or in one

portion (day 4; column 5).

duction of valine is supposed to be the reason for
both increased yield of monensin A and higher
content of iso-even fatty acids, where valine serves
as a precursor for isobutyrate or (after isomeriza-
tion) butyrate units. The effect of exogenous sub-
stances on fatty acid composition and biosynthe-
sis of 16-membered macrolide tylosin was studied
in 8. fradiae [25,26). High ammonium concentra-
tion inhibits the production of tylosin and de-
creases the quantity of branched-chain fatty acids,
while total lipids remain constant. The mecha-
nism of ammonium action is based on the inhibi-
tion of precursor formation from amino acids and
intermediary metabolism. At the enzyme level,
repression and inhibition of valine dehydrogenase

(EC 14.18) - the first enzyme in valine
catabolism — by ammonium have been described.

On the contrary, in S. avermitilis the yield of
lipids and avermectins was influenced by ammo-
nium while the composition of fatty acids re-
mained constant. The total synthesis of oligoke-
tides in S. avermitilis seemed to be regulated at
the level of global metabolic network. However,
previous research showed that enzyme patterns in
branched-chain amino acid metabolism signifi-
cantly influences the biosynthesis of oligoketides
(10,19,26). Dehydrogenase of branched-chain
amino acids was not found in S. avermitilis under
any cultivation condition [19]). Transaminase B
(EC 26.1.42) secemed to be the only enzyme



Table 2
Composition of the main fatty acids in S. svermisilis during cuitivation in a chemically defined medium. Each sample is the average
from 3 10 5 flasks
FA® days

2® 4* [ st 10° 2 4c 6° 8¢ 10°¢
13:0 0.1 ‘01 0.1 0.2 ol 00 00 02 0.2 0.1
a-13:0 0.1 03 0.2 03 02 0.0 0.0 03 03 03
13:0 0.1 0.1 0.1 0.1 00 0.0 0.0 0.1 0.0 0.0
i-14:0 43 4.7 48 45 40 20 31 34 29 31
14:0 to 1.6 18 16 15 1.0 1.3 18 15 1.6
i-15:0 58 62 59 1 53 43 5.7 6.0 52 57
8i-15:0 20.7 20 20.3 2112 213 18.8 25.7 211 2.2 218
15:1 00 0.1 0.2 0.2 0.2 0.0 0.0 0.1 - 00 0.2
15:0 24 43 5.1 54 54 20 28 40 30 3s
i-16:0 2038 19.7 183 18.7 19.1 139 19.7 180 170 168
16:1 120 73 88 74 72 178 53 54 10.6 6.6
16:0 130 190 2.7 18.3 203 13.6 155 217 189 218
17:0 27 1.7 16 20 1.7 44 47 24 28 26
2i-17:0 96 95 8.7 95 10.1 9.7 134 11.6 115 114
17:1 16 1.6 15 1.9 1.7 00 20 22 19 20
17:0 0.6 09 1.1 1.2 14 1.2 08 12 1.0 1.2
18:1 4.7 0.7 0.7 03 0.0 10.1 0.0 03 26 0.9
18:0 0S 02 0.1 o1 00 15 0.0 02 04 04
iq 25.1 44 3.1 2 2.1 159 228 214 199 199
[ 86 80 76 9.3 746 8.7 104 86 82 84
8 304 s 29.2 31.0 316 285 ».1 330 320 23S
n, 312 288 21 7.7 290 43.7 2.1 24 40 313
n, 4.7 70 8.0 88 8.7 32 56 76 59 69

* Relative proportions of the individual fatty acids in the sampie (mass%): i, isoacid; ai, anteisoacid; ¢/0, even/odd. The first
number indicates the number of carbon atoms. The second the number of unsaturated bonds in the molecule.

b Initial concentration of 0.05% ammonium sulfate was used.
¢ Initial concentration of 0.5% ammonium sulfate was used.

catalysing branched-chain amino acid catabolism
in this strain (Table 4). The possibility that pres-
ence and expression of particular isoenzymes of

Table 3

Production of avermecting in S. avermitilis after 10 days of
production on in chemically defined media with different
nitrogen sources. Each sample is the average from 3 flasks

Medium * | 2 3 4
AVM® 100 ® “ 0
B/AS 1.04 1.01 0.16 -

* Synthetic medium with 0.2% (1), 0.05% (2), 0.5% (3) ameno-
nium sulfate or 0.2% isoleucine (4) as the only nitrogen

® Relative production of avermectins (%).

¢ Avermectins B/ avermectins A ratio,

Table 4

Activity of enzymes involved in catabolism of branched-chain
amino acids in S. avermitilis

Medium * 1 2

BCAADH * ND ND

BCAAT € leu 0.19 0.21
ile 0.10 0.05
le/ile ratio 1.9 42

* Synthetic medium with 0.2% ammonium sulfate (1) or 0.2%
isoleucine (2) as the only nitrogen source, respectively.
Mycelium was harvested after 1 (1) or 2 days (2) of cultiva-
tion.

® Branched-chain amino acid dehydrogenase.

¢ Branched-chain amino acid transaminase (transaminasc B);
kat X 10~* (g protein)~!. ND not detected.



transaminase B are differentially regulated, sug-
gested by a changed ratio of transaminase B
activity with leucine and isoleucine as substrates
using samples from various media (Table 4), could
not be excluded.

Results presented in this paper suggest that
nitrogen regulation of avermectins and fatty acid
biosynthesis in S. avermitilis could proceed by a
novel mechanism, different from nitrogen depres-
sion of tylosin biosynthesis. The understanding of
the regulatory mechanism could have serious im-
plications for the strategy of increasing the aver-
mectin yield.

REFERENCES

(1] Burg, R.W., Miller, B.M., Baker, E.E., Birnbaum, J.,
Currie, S.A., Hartman, R., Kong, Y.L., Monaghan, R.L.,
Olson, G., Putter, 1., Tunac, J.B., Wallack, H., Stapley,
E.O., Oiwa, R., and Omura, S. (1979) Antimicrob. Agents
Chemother. 15, 361-367.

[2) Albers-Schonberg, G., Arison, B.H., Chabala, J.C., Dou-
glas, A.W,, Eskola, P., Fisher, M.H., Lusi, A., Mrozik, H.,
Smith, J.L. and Tolman, R.L. (1981) J. Am. Chem. Soc.
103, 4216-4221.

[3) Egerton, J.R., Ostlind, D.A., Blair, L.S., Eary, C.H,,
Suhayda, D., Ciffeli, S., Riek, R.F. and Campbell, W.C.
(1979) Antimicrob. Agents Chemother. 15, 372-378.

[4] Cane, D.E., Liang, T.C., Kaplan, L., Nallin, M.K., Schul-
man, M.D., Hensens, O.D., Douglas, A.W. and Albers-
Schonberg, G. (1983) J. Am. Chem. Soc. 105, 4110-4112.

[5) Metz, P.A., Omstead, D.R., Kaplan, L., Liesch, J.M.,
Stearns, R.A. and Vandenheuvel, W.J.A. (1988) J. Chro-
matogr. 441, 31-44.

[6] Novék, J., Rezanka, T., Koza, T. and Vangk, Z. (1990)
FEMS Microbiol. Lett. 70, 291-294.

(7} Kaneda, T. (1991) Microbiol. Rev. 55, 288-302.

[8] Chen, T.S., Arison, B.H., Gullo, V.P. and Inamine, E.S.
(1989) J. Ind. Microbiol. 4, 231-238.

61

[9} Schulman, M.D., Valentino, D. and Hensens, O. (1986) J.
Antibiot. 39, 541-549,

(10] Hafner, EW., Holley, B.W., Holdom, K.S., Lee, S.E.,
Wax, R.G., Beck, D., McArthur, H.A.l. and Wernau,
W.C. (1991) J. Antibiot. 44, 349-356.

(11] Chen, T.S., Inamine, E.S., Hensens, O.D., Zink, D. and
Ostlind, D.A. (1989) Arch. Biochem. Biophys. 269, 544~
547.

(12) Dutton, C.J., Gibson, S.P., Goudie, A.C., Holdom, K.S.,
Pacey, M.S., Ruddock, J.C., Bu Lock, J.D. and Richards,
M.K. (1991) J. Antibiot. 44, 357-36S.

[13]) Cimburkovi, E., Zima, J., Novik, J. and Vangk, Z. (1988)
J. Basic Microbiol. 28, 491-499.

[14} Novik, J., Jechov, V., Curdové, E., Cimburkova, E. and
Vanék, Z. (1990) Folia Microbiol. 35, 482.

[15] Omura, S., Tanaka, Y., Mamada, H. and Masuma, R.
(1983) J. Antibiot. 36, 1792-1794.

[16] Coleman, M.S. and Armstrong, F.B. (1971) Biochem.
Biophys. Acta 227, 55-66.

(17} Lowry, O.H., Rosenbrough, N.J., Farr, A.L. and Randall,
RJ. (1951) J. Biol. Chem. 193, 265-275.

(18) Saddler, G.S., Goodfellow, M., Minnikin, D.E. and
O’Donnell, A.G. (1986) J. Appl. Bacteriol. 60, 51-56.

(19] Novék, J., Jechovi, V., Curdovd, E., Cimburkové, E.,
Hjek, P. and Vanék, Z. (1990) GIM 90, Strasbourg,
August 12-18. Abstract D 50.

(20) Omura, S., Ikeda, H. and Tanaka, H. (1991) J. Antibiot.
44, 560-563.

[21] Shapiro, S. (1989) In: Regulation of Secondary
Metabolism in Actinomycetes, (Shapiro, S., Ed.), pp.
135-211. CRC Press, Boca Raton, FL.

[22) Pospdil, S., Peterkovd, M., Krumphanzl, V. and Vanék,
Z. (1984) FEMS Microbiol. Lett. 24, 209-213.

{23) PospHil, S., Rezanka, T., Viden, L., Krumphanzl, V. and
Vanék, Z. (1985) FEMS Microbiol. Lett. 27, 41-43.

[24] Pospil, S., Sedmera, P., Havrinek, M., Krumphanzl, V.
and Vanék, Z. (1983) J. Antibiot. 36, 617-619.

(25) Omura, S., Taki, A., Matsuda, K. and Tanaka, Y. (1984)
J. Antibiot. 37, 1362-1369.

(27) Vantura, A., Rezanka, T., Mar3ilek, J., Vandurov, L,
Kfiftan V. and Basafovi, G. (1987) FEMS Microbiol.
Lett. 48, 357-360.



