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1. SUMMARY

Streptomyces avermitilis was grown in the pres-
ence of four inhibitors of fatty acid biosynthesis
( p-chlorophenoxyacetic, pL-2-( p-chlorophenoxy)-
propionic, 2-( p-chlorophenoxy)-2-methyl-pro-
pionic and p-fluorophenoxyacetic acids). The
production of total lipids was inhibited and the
cellular content of individual types of fatty acids
was altered by these compounds. The anteiso-acid
content decreased by up to one-half, whpreas the
content of iso-odd acids increased 10-fold in the
presence of inhibitors. The decrease in anteiso-
acids was accompanied by increased production
of avermectins having a s-butyl group in the side
chain (type ‘a’ avermectins). It was concluded
that the common precursor, 2-methyibutyryl-CoA,
was diverted from the biosynthetic pathway of
fatty acids to that of avermectins.

to: T. Rezanka, Institute of Microbiology,
Videhské 1083, 14220 Prague, Czechoslovakia.

2. INTRODUCTION

Avermectins belong to a group of macrolides
with anthelmintic and insecticidal effects [1). Eight
very similar compounds are produced by Strepto-
myces avermitilis, comprising four major (A,,,
A,,, B,,, B,,) and four minor (5-10%) (A,,,
A », B, Bx,) components [2].

Avermectins are oligoketides and are synthe-
sized from the same precursors as fatty acids. The
similarity of their biosynthesis with that of fatty
acids is illustrated by the inhibition of biosynthe-
sis of oligoketide antibiotics by cerulenin [3). Cane
et al. [4] found that the aglycone of avermectins is
formed from seven acetate, five propionate and
one 2-methylbutyrate (avermectins of type ‘a’) or
isobutyrate (type ‘b’) units.

Other compounds besides cerulenin interfere
with lipid metabolism. They include hypolipi-
demic drugs, such as derivatives of halogen-phe-
noxy-alkanoic acids. Clofibric acid is used as a
hypolipidemic agent in human medicine since it
lowers the synthesis of triglycerides {5). Com-
pounds of this type exhibit, in addition to the
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hypolipidemic action, a weak auxin effect and
they are used as herbicides. They act on lipid
metabolism and affect the permeability of plant
cell walls [6).

Triglycerides formed by S. avermitilis greatly
complicate the subsequent isolation and separa-
tion of avermectins. Maximum production of
avermectins by S. avermitilis precedes maximum
triglyceride production by three to four days {7].
Kf¥en et al. [8] described how chloro-phenoxy-al-
kanoic acids inhibited the biosynthesis of lipids
and ergot alkaloids. In the present study, similar
inhibitors were used to determine the effects of
decreasing triglyceride production on the produc-
tion of avermectins.

3. MATERIALS AND METHODS
3.1. Strain and cultivation

The mutant strain Streptomyces avermitilis
C-18 obtained by genetic improvement of ATCC

800

31267 was used throughout this study. The strain
was maintained on yeast-maltose agar. The in-
oculum was cultivated for 24 h in a complex
medium containing: glucose, 0.5%; soyabean
meal, 1.5%; yeast extract, 0.5%. Fermentation
flasks were inoculated with a 2% inoculum (24 h
old) and incubated for 10 days. The following
synthetic production medium was used (%): glu-
cose, 3; CaCO,, 0.5; NaCl, 0.2; K,HPO,, 0.05;
FeSO, - TH,0, 0.005; ZnSO,-7 H,0, 0.005;
MnSO, - 7 H,0, 0.005; MgSO, - 7 H,0, 0.01. In-
hibitors were added to the synthetic production
medium after sterilization in the concentration
described in the text. Fermentations were per-
formed in 500-ml round bottom flasks on a rotary
shaker (2.8 Hz) at 28°C [9].

p-Chlorophenoxyacetic (CPAc), pL-2-( p-chlo-
rophenoxy)-propionic (CPP), 2-( p-chlorophe-
noxy)-2-methyl-propionic (CPMP), (Aldrich,
FRG) and p-fluorophenoxyacetic (FPAc) acids
(Sigma, FRG) were added as filter-sterilized
aqueous solutions of their sodium salts.
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Fig. 1. Influence of inhibitors on total lipid production by S. avermitilis (@, p-chlorophenoxyacetic acid; +, pL-2-( p-chlorophe-
noxy)-propionic acid; O, 2-( pchlorophenoxy)-2-methyl-propionic acid; a, p-fluorophenoxyacetic acid).



3.2. Analytical methods

Fatty acids composition was determined after
alkaline hydrolysis and methyl-esters were ana-
lysed by GC-MS (QP 1000, Shimadzu) [10].

Production of total avermectins was deter-
mined by TLC according to Cimbilirkovd et al.
[19]. Individual avermectins were determined by
reverse phase HPLC [11].

4. RESULTS AND DISCUSSION

Increasing concentrations of all four inhibitors
caused decreases in lipid production (Fig. 1) and
parallel decreases in total avermectin production
(Fig. 2). The similarity of the curves is consistent
with the structures of the different inhibitors.
CPAc and FPAc have an unbranched side chain
whercas CPP and CPMP contain one or two
methyl groups bound to the a-carbon. These
methyl groups bring about, probably for steric
reasons or because of their different catabolism,
different effects on fatty acid biosynthesis.
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Very low concentrations of the inhibitors (of
the order of mg/l) caused a decline in the pro-
duction of total avermectins but a faster drop in
the production of total lipids. Under circum-
stances where excess lipids complicate the isola-
tion of avermectins, the inhibitors could be used
to suppress lipid production, albeit with a partial
lowering of avermectin production. The concen-
tration of bacterial biomass was constant (approx.
9 g/1) up to 30-100 mg/! of the inhibitors.

The addition of any one of the inhibitors
caused changes in the content of individual types
of fatty acids (Table 1). The content of anteiso-
acids, which arise from the precursors 2-methyl-
butyryl CoA or lle, fell by about one-half after
the addition of any of the four inhibitors. Iso-even
acids (precursor iso-butyryl CoA or Val) de-
creased as well, but by much less. The content of
even-chain acids arising from acetyl CoA de-
creased, whereas that of odd-chain acids from
propionyl CoA increased. The greatest effect,
however, was the increase in the content of iso-
odd acids, which rose up to 10-fold. Even the
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Fig. 2. Influence of inhibitors on total avermectin production by §. avermitilis (@, p-chlorophenoxyacetic acid; +, pL-2+( p-chloro-
phenoxy)-propionic acid; O, 2« p-chlorophenoxy)-2-methyl-propionic acid; A, p-fluorophenoxyacetic acid).
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Table 1

Content (weight %) of individual classes of fatty acids from S. epermitilis grown in the presence of different inhibitors
Fatty Concentration of inhibitors (mg /1)

acids 0 03 1 3 10 0 100 300
CPAC

5 iso-even B4° 326 34 322 314 306 0.1 2938
5 iso-odd 1.7 4 65 88 10.1 124 172 26
5 anteiso 09 320 303 294 280 254 211 165
S even 286 271 4.7 17 %2 29 ns 188
3 odd 32 39 5.1 5.9 63 7.7 9.1 113
£ monoenoic 99 98 9.7 95 90 9.8 96 100
CPP

X iso-even 334 313 313 29 297 282 2.1 259
5 iso-odd 1.7 55 77 100 109 15.7 17.7 238
X anteiso 339 334 3.1 319 290 256 33 194
S even 286 24 208 202 211 19.2 18.0 164
5 odd 32 34 6.1 70 93 113 129 14.5
5 monoenoic 99 9.7 98 102 113 118 108 114
CPMP

5 iso-even 33.4 .7 n3 22 199 200 206 198
5 iso-odd 1.7 45 11.7 196 %8 2.6 276 292
5 anteiso 339 332 28 274 44 29 196 172
5 even 28.6 252 257 250 215 19.8 202 204
¥ odd 32 44 65 78 94 10.7 12.0 134
3 monoenoic 99 94 94 88 93 93 10.1 10.1
FPAC

5 iso-even 34 262 254 253 20 29 28 20
3 iso-odd 1.7 74 96 111 15.1 15.6 193 22
3 anteiso 339 308 26 72 26.1 254 198 16.7
5 even 28.6 286 282 75 264 262 ns 24
5 odd 32 70 72 89 94 99 14.6 167
5 monoenoic 99 99 10.1 94 8s 96 920 92

* Each value represents the mean from three analyses.

highest concentration of inhibitors had no effect
on the content of monoenoic acids. It should be
noted that the sum of all six types of acids given
in Table 1 apparently exceeds 100% because mo-
noenoic acids can be both odd and even.

Some mutants of §. avermitilis produce only
component A (with OH on C;) or ‘a’ (with sec-
butyl on C,, precursor lle) [12]. The ‘a’ to ‘b’
ratio was altered by adding inhibitors of fatty acid
biosynthesis (Table 2). Type ‘a’ avermectins de-
creased and type ‘b’ avermectins increased in the
presence of inhibitors.

A study published last year [13] reported on
the preparation of mutants lacking the branched-
chain 2-oxo acid dehydrogenase activity. A sequel

to this paper [14] concerned the preparation of
‘unnatural’ avermectins through the use of car-
boxylic acids or their precursors. The avermectins
denoted ‘a’ (A,,, A,,, B,, and B,,) have 2-
methyl-butyryl-CoA from lle as precursor. ‘b’-

Table 2

Production (weight %) of avermectins types ‘a’ and ‘b’ by §.
avermitilis C-18 in the presence of different inhibitors (30
mg/1)

Control  CPAc CpPP CPMP  FPAc

X2’ 825108° 913407 894108 88.7+10 92105
b 175+11 87+12 106108 115412 79409

* Each value represents the mean + SD from six analyses.




Type avermectins (A,,, Ay, B,,, By) use iso-
butyryl-CoA from Val as precursor. These results
allow us to conclude that the basic building unit
2-methyl-butyryl-CoA, for which the primary
metabolic pathway of fatty acid synthase and the
secondary metabolic oligoketide synthase (which
synthesizes the aglycone of avermectins) compete,
is diverted into the secondary metabolism under
conditions of inhibition by halogen-phenoxy-al-
kanoic acids.

The reasons for the decrease in avermectin
production and the influence of the inhibitors on
the ratio of anteiso and iso acids are not clear.
The inhibitors could influence the biosynthesis of
the enzymes, the activity of the enzymes or the
production (biosynthesis) of acyl-CoA precursors.
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