Volume 308, number 1, 18-21 FERS 11385
© 1992 Federution of European Biochemical Socisties 00145793/92/85.00

August 1992

Biosynthesis of bacillomycin D by Bacillus subtilis

Evidence for amino acid-activating enzymes by the use of affinity chromatography
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Bucillomycin D is un antifungal lipapeplide produced by 8. subtilis. The formation of the peptidyl bonds of bacillomyein D occurs non-ribosomally.

s demonstrated by the use of chlorumphenicol, an inhibitor of pratein biosynthesis. Amino acid-astivating enzymes were found in B. subrilis cell

lysates purified by ufTinity chromatography on a gel containing L=Pro. un umino ucid of bacillomycin D. Presence of ATP during this purification

increases the binding of enzymuadc proteins and their activity. An enzyme. with an apparent molecular weight of 230 kDa, eatalyzed ATP-PPi
exchange reuctions. which were mediated by specific amine acidx, corresponding to a partial sequence of basillomysin D,

Bacillomycin D; Antiblotic lipopeptide biosynthesis: Amino ucid ustivation; Affinity chromatography; Bacillis subiitis

1. INTRODUCTION

Buacillus species are well-known producers of antibiot-
ics, and a multi-enzymatic system has been shown to be
responsible for the biosynthesis of some peptide or
lipopeptide antibiotics, such as gramicidins A and S,
tyrocidine, edeine from Bacilius brevis, mycobacillin
from Bacillus subtilis, bacitracin from Bacillus licheni-
JSarmis and polymyxin from Bacillus polymyxa {1,2]. In
the case of bacillomycin D, a lipopeptide antibictic from
B. subtitis which contains S-amino fatty acids [3.4] (Fig.
13, such an enzymatic system has not yet been described.
During our study on the biosynthesis of baciliomycin D.
we characterized enzymes which give ATP-pyro-
phosphate (PPi) exchange reactions mediated by some
of the amino acid components of bacillomycin D.

2. MATERIALS AND METHODS

2.1, Chemicals and radiaactive chemicals

The U-MC-labeled amino acids were obtained from CEA (Saclay.
France), NusHPO, and Na,MP.O, were purchased from NEN Prod-
ucts (Boston, USA). Stundard bacillomycin D was prepared as in {5]

Abbreviations: BSA, bovine serum albumin: CP preparation. crude
protein preparation: DTT, dithiothreitol; EDTA, cihylei-ediamine-
tetraacetic acid; HPLC, high-performance liquid chromatography; Bi,
inorganic phosphate; PPi, inorganic pyrophosphate; SDS, sodium do-
deeyl sulfate: TCA, trichloroacetic acid; TLC., thin layer chromatogras
phy: Tris, tris(thydroxymethyl)aminomethane,
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and f-umino fatty acids were prepared after total hydrolysis of bacil-
fomycin D aceording to [6],

2.2. Swrain and culture conditions
The strain of B. subiilis producing bacillomycin D was grown in a
brain-heart medium {Bio-Méricux, France) as previously deseribed {7).

2.3. [n vivo incorporation of radiouctive amine acid precursor into bacil-
lomyein D and proteins
After 24 h of growth. | mi sumples of the culture were withdrawn
and ['*C]Pro (48 MBq/ml) were added, with or without chlorampheni-
col. After 1 h incubation ut 35°C, the assiys were tested for [MClPro
incorporation either into proteins (8] or inlo bacillomycin D, as previ-
ously described for iturin [9).

2.4, Preparation of a cell-free extract from B. subtilis

The B. subiilis cells (corresponding to | | of culture) were harvested
in the late exponential phase of growth, washed ance with 0.9% NaCl
and then with § mM MgCl.. Cells were suspended in S0 mM Tris-HCI,
pH 7.8, 2 mM EDTA, 10 mM MgCly, { mM DTT, 10% glycerol
(bufTer 1) to which lysozyme (from Sigma) was added at | mg/ml. After
20 min at 30°C, the cell-free system, obtained by 20,000 x g centrifu~
gation, was trented with 10% streptomycin sulfate to make a final
cancentration of 1%; the supernatant was precipitated by (NH,),80,
at 60% saturation, The precipitate was dialyzed according to (10]; this
corresponds to the erude protein (CP) preparation. The in vitre bacil-
lomyein D synthesis was tested by incubating the CP fractionin a 10
mM Tris-HC! bufTer, pH 7.8. containing 0.4 mM ATP. 10 mM MgCl,,
10 4uM B-amino fatty acids and {**Clamino 4cid constituents of bacil-
lomyein D (10 #M, 37 kBg/ml, cach).

2.5, Determinatin of protein concentration

Protein conceatration was determined by the methed of Bradford
[11] with BSA as the standard,

Craiig B2MHNG aCiS = LrAS = D+ Tyr wm D'ASA = L:Pr0 = L-GIU ~~ D-Sot = L. Tht
1 !

Fig. 1. Structure of bucillomycin D.
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2.6, Assay for the ATP-phusphate and ATP-pyraphusph.ire exchanges

The ATP-Pi und ATP-1PPi exchunges were determined as in {10,12)
the total ameount of rudiouctivity in such incubiution mixture was 4 kBq
of [BP)Pi or [“P)PPI.

2.0 Assay for covalens binding of substrare amine acids by amino
acichactivating cnzyme

The veaction mixture contained, in a flnal volume of 250 ul, 50 mM
Tris-HCI. pH 7.8, 10% glycerol, 2 mM EDTA, 10 mM MgCl,, | mM
DTT. 2 mM ATP. 4 kBq of 20 uM “C-lubeled amino acids and 200
) of enzyme. Sumples were incubated for 10 min «t 37°C, The reae-
tion was stopped by addilion of 5 mi of cold 5% TCA. Alter 30 min
at 4°C, the precipitate wus collected on 045 u#m Millipore fllters.
Filters were treated and radionctivity was determined us described in

(8}

2.8, Affinity chromatagraphy

Two affinity gels were used: Commercinl L-Pro agarose (from
Sigma). where the amino acid wus bound through its amine moicty,
and 1.-Pro affigel, where the amino acid was bound by its carboxyl
moiety. In this case. the esterification of 1-Pro by the affigel 102
{Bio-Rad) was carried oul according to the procedure deseribed by the
manufacturers, The affinity column (about 5 mi) was equitibrutad with
buffer T and 1 ml fractions were coliected at u flow rute of 6 mih.

29, Molecular weight determination

The molecular weight of the enzyme was determined by gel perme-
ation HPLC with a LKB HPLC apparatus on an Ultropuae TSK
G3000 column (7.5 x 600 mm) which affords separution of 10-300
kDa proteins, Elution was performed with bufter 1 without glycerol
at a flow rate of 0.5 mimin and 1 ml fractions were collested. A gel
permeation chromatography was also carried out with un AcA22
column (40 x 2.5 cm) which alTords separation of 100-1200 kDa
proteins. Elution was performed at 4°C with buffer I at a flow rate
of 6 ml/h and 2 mi fractions were collected. This column was calibrated
with a protein calibration kit from Pharmasia containing thyroglob-
ulin (667 kDa). ferritin (440 kDa), catalase (232 kDa) and BSA (67
kDa).

3. RESULTS AND DISCUSSION

It had been shown previously that bacillomycin D
production begun at the end of the exponential phase
of growth and reached a maximum level during the
stationary phase [7]. The synthesis of bacillornycin D is
independent of the ribosomal process as the addition of
chlorawnphenicol, a protein synthesis inhibitor. to the
culture medium did not modify the incorporation of
radioactive proline into bacillomycin D. Several assays
for the characterization of a cell-free system giving in
vitro syuthesis of bacillomycin D were unsuccessful,
Similar results have been previously reported for other
lipopeptides {13,14] and the detection of the enzymes
involved in their synthesis was made by the activation
of the amino acids present in the lipopeptide.

3.1. Purification of the CP preparation

The enzyme system responsible for bacillomycin D
synthesis was purified by affinity chromatography on
an affigel containing, as ligand, one of the amino acids
of bacillomycin D, L-Pro, bound through its carboxyl
group. When the CP preparation was passud through
L-Pro affigel in the absance of ATP, a protein fraction
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was retained on the column and was cluted by the addi-
tion 0i'0.1 M NaCl to the buffer (Fig. 2, fraction I[). No
further elution wus obtained with 0.1-1 M NaCl gradi-
ent. The UV spectrum of {raction II showed the protein
absorbance band at 280 nm and the absence of nucleic
acids at 260 nm. Quantification of the proteins of frac-
tion Il gave about 16% of the proteins loaded on the
column. The influence of the unbound function of L-Pro
during the affinity chromatography was tested by using
L-Pro agarose, where the amino acid was bound
through its amine group. When the CP preparation was
passed through the L-Pro agarose column, the addition
of NaCi 0.1 M ora 0.1-1 M NaCl gradient to the bufTer
did not elute any protein. Thus, the purificaiion of the
amino acid-activating enzyme can be realized by affinity
chromatography only when the amine function was
free.

3.2, Aetivation of the amino acids

The cluntes of fraction 11 were screened for activation
of the amino acid components of bacillomycin D by
measuring the ATP-Pi and the ATP-PPi exchange reac.
tions, the two most common amino acid mechanisms in
non-ribosomal peptide synthesis {2.15]). No ATP-Pi ex-
change depending on the presence of amino acid was
detecled with the bacillomycin D components. In con.
trast, several enzyme activities were observed with the
ATP-PPi exchange technique (Fig. 2). Four amino acid
components of bacillomycin D, 1-Glu, L-Ser. L-Thr and
L-Asn. were activated by fraction 1I. Three of these
amino acids correspond to a partial sequence, L-Glu —
p-Ser — L-Thr, of bacillomyein D (Fig. 1). An unex-
pected result was the absence of activation of L-Pro, a
component of bacillomycin D, by fraction II even
though this fraction bound ["*C]L-Pro (Fig. 2).

3.3, Purification of CP preparation in the presence of
ATP

ATP had beern found to have a positive effect on the
purification of the gramicidin S synthases by aflinity
chromatography [16]. Thus, the influence of ATP on the
binding of amino acid-activating enzymes on the L-Pro
affigel column was tested. In the presence of 3 mM
ATP, a protein fraction was retained on the column and
was cluted by the addition of 0.1 M NaCl to the buffer
(Fig. 3, fraction II'). Quantification of the proteins of
fraction II' showad that they represented half the pro-
teins loaded on the column. Thus, the presence of ATP
during purification on L-Pro affigel increased the bind-
ing of proteins by a factor of 3. The eluates of fraction
11’ were screened for ATP-PPi enchange reactions medi-
ated by L-Glu or L-Pro (Fig. 3). A significant activation
of L-Glu and a very weak activation of L-Prao were ob-
served. When other amino acid components of bacillo-
mycin D were tested (Table ), only L-Thr gave a signif-
icant ATP-PPi exchange. The apparent molecular
weight of the amino acid activating enzyme was moni-
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Fig. 2. «-Pro affinity chromutogruphy of the CP preparution carried
out in the absence of ATP. The {*P]PPi-ATP exchunge uctivities were
meusured on 100 1 of the lruction incubated in the presence of amine
acids: the values were corrected with blunks, abuained by incubating
the sume volume of each fraction without amino acids. The binding
of [MCJu.-Pro was determined as described in section 2; the values were
corrected with blanks obtained with boiled enzyme. The arrow indis
cates the addition of NuCl to the clution buffer.

tored by the L-Glu-depundent ATP-PPi activity. After
gel permeation HPLC of fraction I, the enzyme acti-

Table |

Influence of ATP on the purificstion of amino ucyl activating enzymes

by uffinity chromuatogruphy: comparison of the ATP/[*P|PPi cx-

change uctivity of Fractions [T und {1’ obluined. respectively. in the
absence and presence of ATP

Amino acid ATP/¥PIPPi exchange (cpm)’
Fraction Il Fraction 11

LeAai 2216 -
D-Asn - -
.-Glu 5,084 10,504
1-Bro - 2,787
L-Ser* 2573 557
n-Ser - -
1-Thr 3.588 23718
L.Tyr.l - -

- Tyr - -

*The values correspond to the ATP-PPi exchange catalyzed by 10 18
of proleins: they are correcied with blanks obtained in the ubsence’
of umino avids.

“These t-form umino ucids are components ol bucillomycin D where
they oceur as the D form.
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Fig. 3. w-Pro affinity chromutography of the CP preparation curried
oul in the presence of ATP. The elutian profile was determined by
measuring th? ubsorbunce ut 280 nm, which detected bath ATP and
proteins, and by protein titration. The [CP)PPi-ATP exchunge activi-
ties were menusured on 20 pf of the fruetion incubated in the presence
of umino ucids; the values were corrected with blinks, obtained by
incubuting the same volume of eich friction withoutunine seids, The
urrow indicates the addition of NaCl 1o the clution buffer,

vating L-Glu co-migrated with catalase (230 kDu) (Fig.
4). This result was confirmed by AcA 22 chromatogri-
phy.

3.3, Camparvison of the activities of the enzymes purified
in the presence anel absence of ATP

When the amino acid-activating enzymes purified in
the presence of ATP (Fraction I1') were compared with
those purified in the absence of ATP (Fraction II). it
appears that the addition of ATP incrzased, by a fuctor
of 6, the activity of the L-Glu and t-Thr activating en-
zymes and decreased. by the factor 5. the activity of the
t-Ser-activating enzyme. while L-Asn was not further
activated (Table I). Indeed. L-Asn was activated by frac-
tion I, and the major part of the L-Ser-activating activ-
ity was found in this fraction. As serine is present as
p-8er in bacillomycin D, the L-Ser substrate must un-
dergo both racemization and activation. The decrease
in activity of the L-Ser-activating enzyme. and the ab-
sence of L-Asn-activating enzyme in [raction 1, even
though these enzymes were present in the homologous
Fraction 11, demonstrates a high influence of ATP on
the affinity of activating enzyme complex for L-Pro afs
figel. ATP could lead to the dissociation of some sub-



Volume 308, number 1

EE ]

bA L

0

{32)PPi-ATP exchange (cpm) { ¢}

Absorbance sl 280 nm { - - }

Y ¥ * v LARROA v (]
] $ 1@ % 2 2 30 3% D
Fractions

Fig. 4. Purificution of the L-Glusactivating enzyme by gel permeation
HPLC. The arrows indicate the culibration of the columa with the
exclusion volume (Ve), the total bed (Yi), the elution volume of citta-
fusc (332 kDa) (A) und BSA (67 kDu)(B). The [PPIPBi-ATP exchunge
aetivitiex were measured on 200 1 of the fruction incubited in the
presence of umino acids: the valuex were corrected with blunks. ab-
tuined by incubating the xame volume of each fruction without
amino acids.

units of this complex. especially the 1-Ser rucemase. the
1-Ser- and L-Asn-activating enzymes. Thus. ATP is an
interesting fuctor which could allow the separation of
the enzyme subunits involved in the synthesis of the
peptide moiety of bacillomyein D.

In conclusion, an enzyme fraction with an appuarent
molecular weight of 230 kDa was purified from the
crude extract of B. subtifis producing bucillomysin D.
This enzyme. which shows a great affinity for L-Pro,
catalyzes ATP-PPi exchange mediated by amino acids
present in the peptide part of bacillomycin D. These
results are consistent with a peptide synthesizing system
which activates amino ucids as amino acyl phosphate.
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This amine acid activation pattern. involving un ATP-
PPi exchange. is the most common for the non-ribo-
somal synthesis of peptidic or lipopeptidic antibiotics of
Bucillus [2.18].
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