Yolmne 275, number 1,2, 107410

FEHS G911

November 1990

Detoxification of the macrolide toxin brefeldin A by Bacillus subtilis
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The macrolide toxin brefeldin A s o determinant ol Alternaria leal blight disease in satllower, which ciuses severe cconomic losses worldwide,

Sailborne bacterin, classitied as Bucillus subtilis spp., were isolated and shown to readily metabolize brefeldin A in labontory culture to ane major

procdduct, This product was identificd by high resolution 20 'H NMR and FAB mass spectroscopies us the acid resalting fromy hydrolysis of the

macrolide ring in brefeldin A, In contrast to brefeldin A, the avid completely licked phytotogic activity in the standard leaf bioassay. Detoxification

of brefeldin A by the lactonase activity from Hacillus subtitis may be explaited in the future to introduce resistance to Alternaria leat’ blight in
saflfower,

Brefeldin A detogification; Brefeldin A acid; Brefeldin A lactonase: Macrolide antibiotic; Macrolide phytotoxin

1. INTRODUCTION

Brefeldin A (BFA), a macrolide antibiotic inden-
titied first from Lupenicillium brefeldianum [1] and
later from various other fungi [2], has attracted
research interest for many years due to its peculiar
molecular structure and its antifungal and antiviral ac-
tivities [3,4]. More recently, a pronounced detrimental
cffect of BFA an the growth of animal cells and tissues
has been discovered and its mechanism s being studied
intensively. The latter cffect appears to be due to im-
pediment to the flux and processing of glycoproteins
form the endoplasmic reticulum to the Golgi complex
5,6]. Furthermore, BFA causes the disintegration of
the Golgi complex and the accumulation of secretory
proteins in the endoplasmic reticulum [7-13].

BFA has been additionally described as a non-
specific albeit selective phytotoxin, which plays a
crucial role in the development of disease symptoms in
safflower plants infected with the leaf blight pathogen
Alternaria carthami Chowdury [14], Alternaria car-
thami is by far the biggest problem in safflower on a
worldwide basis, and since safflower is a very valuable
dietary oil crop, effective control of the blight disease is
desirable [15]. Virulence ratings of various field isolates
of A. carthami closely correlated with their potential
for toxin production in laboratory culture, and BFA
was the only toxin produced by A. carthami growing in
safflower leaves [14]. The determination of toxin
distribution in situ by a sensitive radio-immunioassay
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revealed significant toxin concentrations in close prox-
imity to the fungal mycclia only and diffusing approx.
2 mim in advance of the leading hyphae {2]. In cell
cultures, it has been shown that small concentrations of
BFA (down to nM) consideratly interfere with the
defense response of satflower, i.e. the accumulation of
polyacetylenic phytoalexins {16). These results strongly
suggest that BFA provides the niche in live safflower
tissue for fungal growth. Detoxification of BFA in vivo
would be a suitable countermeasure for protection of
the plant by exposing the fungus to the full discase
resistance responsc.

Resistance to macrolide antibiotics, as studied com-
monly with the commercial antibiotic erythromyecin,
has been ascribed to modifications of ribosomal
subunits with reduced binding affinity [17-19]. A dif-
ferent type of resistance has been elucidated only
recently in Enterobacteriaceae, where hydrolysis of the
macrolide lactone [20-22] or 2'-phosphorylation inac-
tivates the antibiotic [23]. Such a one step enzymatic
detoxification applied to BFA would have an enormous
impact on the control of Alternaria leaf blight Jdisease in
safflower. In this paper, we describle the hydrolysis of
brefeldin A by a strain of Baciltus subtilis.

2. MATERIALS AND METHODS

2.1. Reagents

All reagents were of analytical grade. Sodium [1-'*Clacetate (2
GBg/mmol) was purchased from Amersham Buchler (Braunschweig,
FRG).

2.2, Chromatography

Thin layer chromatography (TLC) was carried out on silica gel 60
plates (Merck, Darmstadt) in solvents (I) diethyl ether/ethyl
acetate/ethano] 12:12:1 (v/v/v) and (II) diethyl ether/acetone 3:1
(v/v) Reversed phase HPLC was performed on Waters equipment
(Eschiborn, FRQ) in line with a UV detector (254 nm) and a Ramona
radiomonitor (Raytest, Straubenhardt, FRG). Analytical (Lichrosorb
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REP-1R, 5 win, 2500 =4 mm, Koauer, Bad Homburg, FRG) and
prepatative columos (Nucleosi] REP-18, 750 250 = 20 mm, Macherey
& Nagdd, ey FROY were wsed with solvents (1 409 imethanol,
(A% aeetic avid and (1Y) $0%% ticthanol, O 1% avetic avid, Flow rates
were |l amin for the unalytical and 5 it min for the preparative
calumn,

2.3 Lsoluiton of brafeldin A and [PCibeeteldin A

Brefeldin A wasisolated from tie mediuni of § week old Alteraaric
cartianti cultures as deseribed previously [2]0 For isolwtion of
1"CIBEA, A, cartdnni wits ingubated with {[1-7C Jaeetate as the sole
varbon source, Twelveday-ofd mycelia (500 mg wet weight) were
thoroughly washed in sterile 0,9% NaCl, suspended in L0 m] Filner's
medium [24) containing 9.25 Mllqll-“("]ucchuc (2 GBg/mnol) in-
stead of sucrase, and cultivated stationary in daylight for 3 days,
[MCIBFA was isolated by extraction of the culture filtrate into
chloroform, TLC i solvents Tand 1 and HPLC in salvent LI, Towl
incorporation varied between different expetitments (0. 8% ta 2%%),
vielkding specific incorporations between S0 sl 210 My ol
1M IBEA,

2.4, Isotution arnd cudture of soithorne haeteria

Soil sumples were inoculated inte $ mt of minkial medium (B3MM)
28] containing 360 uM BEA and cultivated on a rolary shaker for
24 hat 37°C. The culture wis thea plated on minital agar containing
BFA (360 uM)and incubatect at 37°C tor up to 7 days. Single colonies
growing under these conditions were isolated and eultured in LB
medium [26) for the investigation of BFA metabolisin, Taxanomic
classification of bacteria was performed by the Deutsche Sammluig
fiir Mikroorganismen (Braunschweig, FRG).

2.5, Assay for bacterial BFA mearaghotism

Aliquots {100 u) of overaight culiures of soilborne bacteria were ins
ocultated inte LB medinm or BMM (3 mly sontaining [*C) BFA (1632
Be, § Bg/nmal). After 1-7 days at 37°C, the broth was acified with
50 ul of I N HCI, extracted with cthyl acetate, and the extract was
analyzed by TLC in salvent 1 and subsequent radioscanning with a
TLC lincar analyzer (Berthold, Wildbad, FRG)

2.6. Isolation of BFA metebolites

For spectroscopic indentification, BFA metabolites wery isolated
from four 50 ml LB cultures containing [ CIBFA (16 KBe/usmol) that
had been inoculated cach with 1 ml of an overnight culture and in-
cubated in a rotary shaker for 72 h at 37°C. The broth was extracted
witll ethyl acetate and the extract was subfractionated by silica col-
umn chromatography (50 ml bed volume) in solvent {A) dicthy!
ether/ethyl acetate 1:1 (500 ml), followed by 10% ethanol in A

(500 ml) and 50% ethanol in' A (500 ml) prier to preparative HPLC -

purification in solvent Iil.

2.7, Biotest

Phytotoxicity of BFA and its metabolites isolated from bacterial
cultures was monitored as desbribed previously [2] using 4-week-old
safflower plants. Solutions of BFA or of individual mietabolites
(20 mM) in ethanol were applied to surface-sterilized leaves that had
been lightly scratched with a sterile hypodermic needle, The develop-
ment of symptoms was followed over a period of § days. Pure solvent
was used for control biotests.

2.8, Spectroscopy
2.8.1. 'H NMR

1D and 2D COSY 'H NMR spectra were recorded at room
temperature on Bruker WM 400 or AM 600 NMR spectrometers lock-
ed to the major resonarice of the solvent, CD; OD. All 1D and 2D
spectra were recorded using the standard Bruker software package.
All chemical shifts ave given in ppmi relative to TMS and couplings in
Hz.

2,8.2 FAB MS
Negative ion FAB mass spectra were recorded on a Kratos MS 50
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3. RESULTS AND DISCUSSION

Some bacterial colonies isolated from loval soii show-
ed growth in the presence of a BIFA concentration (360
w0V, which usually inhibits the growth of cither L, coli
or plant cells completely, Growth was always rather
sluggish in the presence of BEA and the bucteria initial-
ly tended to form clnnps at the bottom of the culture
vessel which disintegrated to fine suspensions with tine.
One af these bacterial strains (BG3) was isolated and
selected for turther stwy on the baiy of its extraor-
dinary. metabolic capucity for BFA., Growth and
mietabolic ¢character of thiy strain were stable over ex-
tended periods of culture (several manths) in the
presence of BFA. Strain BG3 was identified as Bacilfus
Subtilis.

Baciltus subrilis BG3 converted within 3 days almost
all of the radioactive BFA added to the culture in LB
medium to a single, extractable metabolite, which upon
chromatography appearcd to be more hydrophilie than
BFA. After incubation for more than:3 days, this
metabolite was converted further to even more
hydrophilic compounds which were not analyzed. The
first metabolite was isolated on a preparative scale from
the broth of four cultures using BIFA of low specific
radioactivity (§ MBg/mmuol) as the substrate, [n these
experiments, more than 50% of the BFA added was re-
isolated form the culture by silica colunmn
chromatography (fraction eluted with 10% ethanol)
while the metabolite was cluted in the presence of 50%
cthanol. The metabolite was purified by preparative
HPLC (Rt 53.8 min) and, for control, analytical HPLC
of this compound revealed only one radiosignal cor-
relating with one large UV (254 nm) absorption signal
(RT 10.5 min). The pure metabolite (0.7 mg) was sub-
jected to spectroscopic examination. In eighter the
presence or absence of BFA, an insignificant decrease
in the pH of the cultures was noted (from pH 7.4 to pH
6.8 within the growth period of 3 days), which has no
effect on BFA stability.

The structure of the metabolite (Fig. 1) was readily
deduced from the 'H NMR data on comparison with
that of BFA (Table I). The 'H assignment of both BFA
and the metabolite was established from the cross peaks
in the 2D COSY spectra. The most pronounced
chemical shift differences between the two compounds
are found for H-2, H-3 and ¥-15. In the latter the high
field shift of 1.1 ppm is characteristic of the loss of an
acyl group at C-15 and is only comparable with the
opening of the ring system. In both compounds the
double bonds have vicinal coupling constants (15-16
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IFig. 1. Hydrolysis of brefeldin A o brefeldin A acid catalyzed by
soilborne Bacilius subtilis.

H2) indicative of E-configurations., Similarly, the
chemical shifts and the indentification of the ap-
propriate cross peaks in the 2D COSY spectrum of the
metabolite (Table 1) indicate the pentacyclic ring has
remained intact. Finally the structure (Fig. 1) was con-
firmed by the observation of a deprotonated molecular
ion at m/z 297 in the ncgative ion FAB MS of the
metabolite, which is comparable with the addition of a
molecule of water BFA (m/z 279). In summary,
Bacillus subtilis BG3 prossesses the ¢nzymatic capacity
for hydroysis of BFA to BFA acid. This capacity for
hydrolysis is remarkable, because neither strong acid
(1 N HCI) nor strong base hydrolyzed BFA under
laboratory conditions (data not shown), probably due
to the 2,3-double bond.

The hydrolysis of the lactone-ring of BFA explains
the increase in hydrophilic character observed for the
metabolite. The hydrolysis would certainly have some
effect on uptake and systemic transport of BFA in
plants, if it could be exploited for the protection of
plants. However, hydrolysis might in addition change
the biological activity of BFA, as has been shown by
loss of the antibiotic activity of erythromycin upon
hydrolysis in E. coli [21]. The phytotoxic potential of
BFA acid was therefore assayed in a simple and con-
clusive safflower leaf biotest, which had originally serv-
ed in the isolation of BFA from A. carthami as a
pkytotoxin [14], BFA acid was applied over a range of
concentrations (40, 100 and 200 nmol) to detached saf-
flower leaves and also to the leaf surface of intact
plants, and the leaves were visually examined for a
period of 5 days. None of the leaves treated showed
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Table
‘H N\H{ dataof luchldm Aand the \.mzupumhn;c .uul in CDWOD,

lI \hﬂnphuu Huhl«lm ;\ .md“ \Iullu\lu.u\" Hrc!cld'n A‘

atppm) Alppm)

2 il 0,02 Ml ‘ 80

3 Jud 6H.%} du! ?.50
R m ft st i 4,08

h n 201 m 1,89
OA dadd 1,88 m 2.06
63 deddd 1.61 m 1,88
7 m 4,23 P 426
HA el 248 ddd 207
IR m 1,43 dddd 1.49
] m Q.48 P 243
10 dd S, dd 5.32
1 ddt S48 didd $. 80
12 m 207 (12AMm 2.06
(2Bm 1.89

13 m 148 (3ANn 1,91
(133)m 0494

14 m 1.5) (4Am 1.79
(1L4m 1.62

15 m .76 m 4,84
16 o 1.18 o 1.28

“T'he abbreviations used are: b = browd, d = doublet, m = multiplet,
P = opentet and toss triplet, "The coupling constants measured from
the ID'E NMR spectrum of brefeldin A acid are as follows: (H2-HD
15.6, (F13-114) 5.0, (HoA-H613) 13,3, (HoA-HS) (HOA-HTY 6.9 9.2,
(H6B-1$) (H6B-H7) 4.0 84, (HRA-HBD) 13.6, (HRA-HD)
(H8A-H9) 6,0 8.1, (HY-F10) 8.4, (F110-H11) 158.2, (I111-H12) 6.5
(H15-F116) 6.2, ¢ The coupling constants nwdsurcd from the 1D 'H
NMR spmrumoflncfddmhnrcnstollm\s (H2-H3) 15.5, (112-H4)
2.0, (H3-H4) 3.0, (H4-HS) 9.5, (H6-H7) ~ 4.8, (117-H8A) 5.3,
(H7-118DB) 5.5, (HBA-HBEB) 13,5 (H8A-H9) 8.8, (H8B-H9) 7.7,
(H8B- ) 1,0, (H9-H10) 9.6, (H10-H11) 15.1, (HI1-H12A,18) 10.3
4.6, (M15-H16) 6.2,

The proton responsible for the long-range coupling to HAB of 1.0 Hz
cannot be up ambigously determined.

discoloration or necrosis, whereas brown and necrotic
spots typical for the leaf blight disease developed on all
the control leaves treated with equivalent amounts of
BFA.

Since the safflower leaves are wounded prior to the
bioassays, our results strongly suggest that hydrolysis
destroys the phytotoxic activity of BFA rather than
merely inhibiting its translocation in plants. Safflower
and a variety of other plants appear to posses very little
enzyme activity for hydrolysis of BFA [27], and at-
tempts over several years to adapt respective cell
cultures to this toxin failed (data not shown). Soilborne
B. subtilis, however, appears to be a convenient source
for such enzyme activity, which has already been deter-
mined in the cell-free bacterial extracts (data not
shown), as well as for DNA coding for the protein.
Cloning of the gene and its use for transformation of
safflower to confer resistance to BFA and to A. car-
thami [14] now appears to be a valuable alternative to
traditional breeding for resistance which has turned out
rather difficult in safflower.
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