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ABSTF~ACT.-TWO types of antibiotics, namely, indoles and dithiolopyrrolones, have been 
isolated and identified from Xenwbabduc bwienii A2. Compounds 1 and 2 showed strong activity 
against Cryptorwcus mfmns, compounds 3 and 4 showed strong activity against Botrytis cinerea, 
and compounds 1,3, and 4 showed significant activity against Phytophthora infestans ( 2  was not 
tested). In addition, two lower homologues of xenorhabdins 5 and 6, namely, 6-(N-3'- 
methylbutanamido)-4,5 d ihydm 1,2dithiol~4,3-b]pyrml-5-one IT1 and 6-(N-butanamidoH4,5 - 
dihydro-l,2dithiolo[4,3-b]pyrrol-5-one [SI, have been isolated and characterized for the first 
time. 

Bacteria of the genera Xenwhabdus 
and Photwhabdus (Enterobacteriaceae) are 
symbiotically associated with insect 
pathogenic nematodes of the genera 
Steinmema and Hetwwhabditis, respec- 
tively (1,2), and exhibit antibacterial and 
antifungalactivity(3-5). After the nema- 
todes penetrate the hemocoel ofan insect, 
they release these bacteria which prolif- 
erate and kill the host insect. These bac- 
teria produce antibiotics which inhibit 
the growth of other microbial flora in the 
insect cadavers (3-6). 

Most species of Xenorhabdus and 
Photwhabdus exist in two forms, desig- 
nated primary and secondary, when cul- 
tured in vitro (7,8). The primary form, 
but less so the secondary form of 
Xenwhabdus and Photwhabdus, exhibits a 
wide spectrum of antibiotic activity (3- 
5 ) ,  and four types of antibiotics produced 
by these bacteria have been described: (a) 
indole derivatives from a Xenorhabdus sp. 
(9); (b) hydroxystilbene derivatives from 
P. fuminescm (9,lO); (c) organically soluble 
dithiolopyrrolones, the xenorhabdins, 
fromXenwhabdus sp. Q1 strain, X .  bovienii, 
and strains ofX. nematophifus( 1 l), and (d) 
H,O-soluble benzopyran- 1 -one deriva- 

'Present address: School of Engineering Sci- 
ence, Simon Fraser University. 

tives, the xenocoumacins from 
Xenorhabdus sp. Q1 strain, and X .  
nematophilus All strain (12). Each strain of 
these bacteria has been reported to pro- 
duce only-one type ofantibiotic, with the 
exception of Xenwhabdus sp. Q1 strain 
which produces xenorhabdins and 
xenocoumacins (8). Among these com- 
pounds, xenocoumacin 1 has proved to be 
active against animal and human patho- 
genic fungi (12). 

Recently, strong activity has been 
reported against fungal pathogens of 
plants by Xenorhabdus spp. (4 ) .  This ob- 
servation has led to the isolation and 
identification of antifungal metabolites 
from X .  bovienii. 

The liquid medium from cultures of 
the primary form ofX. bovienii A2, grown 
over a period of 4 days, was subjected to 
solvent extraction with EtOAc either di- 
rectly or, after removing the cells, by 
centrifugation. The bioactivity of the 
primary form was tested at this and each 
subsequent step in the isolation process 
using Bacillus subtifis and Bottytis cinerea 
for antibacterial and antifungal activity, 
respectively (1 3). The bioactive EtOAc 
extract was subsequently separated by Si 
gel cc to give bioactive compounds 1-4 
and other bioactive fractions. The other 
bioactive fractions were then separated 
by reversed-phase hplc to yield bioactive 
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compounds 5 ,  6, and 8, along with a 
bioactive fraction from which compo- 
nent 7 was obtained by repeated hplc. 

As the ‘H-nmr, ir, and ms data of 
compounds 1 4  were very similar or 
identical to those of the four indole de- 
rivatives previously isolated and identi- 
fied from a Xenwhabdus sp. (9), they were 
assigned as 3-(2 ‘-acetoxy-3 ‘-oxo-4’- 
methylhexy1)-indole, 3-(2’-acetoxy-3’- 
oxo-4’-methylpentyl)-indole, 3-(2’-hy- 
droxy-3 ‘-oxo-4’-methylhexyl)-indole, 
and 3-(2’-hydroxy-3’-oxo-4’-methyl- 
pentyl)-indole, respectively. The posi- 
tion of the hydroxyl group in compound 
3 was confirmed to be at C-2’ rather than 
C-1 ’ by observation of the long-distance 
coupling of the proton attached to C-1’ 
(3.04 ppm, ’H nmr) to the carbon in the 
indole ring (1 10.89 ppm, 13C nmr). The 
optical rotations of 1, 3, and 4 (the 
amount of 2 available for testing was 
insufficient for this measurement, but it 
probably has the same configuration as 4)  
are similar to those reported in the litera- 
ture (9). Therefore compounds 1 4  iso- 
lated from X. bovienii A2 are most likely 
the same as those reported from a differ- 
ent strain ofxenwbabdus (9), rather than 
being their stereoisomers. 

A similar study on the ‘H- and 13C- 

5 R=CH,CH,CH,CH,CH, 
6 R=CH,CH,CH,CH(CH,), 
7 R=CH,CH(CH,), 
8 R=CH,CH,CH, 

& P 
H 

2 R=Ac 
4 R=H 

nmr, ir,.uv, and ms data of compounds 5 
and 6 showed them to be identical to 6- 
(N-hexanamido)-4,5-dihydro-l,2-di- 
thiolo{4,3 -bfpyrrol- 5 -one and 6-(N- 3 ’ - 
methylhexanamido)-4,5-dihydro- 1,2- 
dithiolo[4,3-b]pyrrol-5-one (xeno- 
rhabdins), respectively, which have been 
isolated previously from Xenwbabdus spp. 
(1 1). Our data showed 8 and 7 are lower 
homologues of 5 and 6, respectively, 
with two fewer carbons in each case. 

The ms of 8 showed a molecular ion 
at mlz 2 56. Loss of the fragment of C,H,O 
led to the same principal daughter ion at 
mlz 186 as those in the ms of 5 and 6 
(composition C6H6N20S2). The base peak 
(mlz 186) of each ms showed only a lim- 
ited tendency for further fragmentation, 
in agreement with the assignment of this 
ion as a heterocyclic aromatic. The uv 
spectra of 5-8 were all very similar, sug- 
gesting that the same chromophore is 
present in all four compounds. This sup- 
ports the conclusion that they are mem- 
bers of a homologous series with a com- 
mon nucleus of C6H6N20S2. Signals at 6 
7.46 (br), 6.63, and 3.35 in the ‘H-nmr 
spectrum of 8 were identical to those in 
the ‘H-nmr spectra of 5-7, further sug- 
gesting the presence of the same hetero- 
cyclic ring system, while signals at higher 
magnetic field in the ‘H-nmr spectrum, 
together with ms data, indicated that a 
butanoyl group was present. Based on 
this analysis, the structure of 8 was as- 
signed and is consistent with the 13C-nmr 
data obtained. 

The ms of 7 showed a molecular ion 
at mlz 270, indicating an additional me- 
thylene to the C,H,O portion of 8, while 
signals at higher magnetic field in the 
nmr spectrum indicated that a 3-methyl- 
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butanoyl group was present. Accordingly, 
the structure of 7 was assigned. These 
two lower homologues, 7 and 8, were 
isolated as natural products for the first 
time in this study, although other lower 
homologues, thiolutin and aureothricin, 
have been characterized previously (1 1). 

The preliminary bioassays showed 
that all these purified compounds are 
active against B.  cinerea and B.  subtilis and 
additional tests on the four indole deriva- 
tives showed them to be active against 
fungi of medical and agricultural impor- 
tance (Table 1). Compounds 1 and 2 
exhibited strong activity against C. 
neoformans, with 3 and 4 active against B. 
cinerea, and 1, 3, and 4 active against 
Phytophthwa infestans ( 2  was not tested). 
Only moderate activity was detected 
against the other organisms tested. These 
antibiotics have been demonstrated as 
strong antibacterial agents (9,14). The 
antifungal activity of the dithiolo- 
pyrrolones 5-8 was detected for the first 
time during this isolation process, al- 
though some related dithiolopyrrolones 
have known antifungal activity( 15). Fur- 
'ther detailed investigation of the effect of 
these natural dithiolopyrrolones against 
different fungi is needed. The present 
results reinforce the hypothesis that anti- 
microbial substances produced by 
Xenwhabdus play an essential role in mini- 
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mizing microbial putrefaction of the in- 
sects infected by the Steinernemal 
Xenwhabdus and HeterwhabditislPhotw- 
habdus complexes (8).  

In conclusion, two types of antibi- 
otic substances (indole derivatives, 1 4 ,  
and dithiolopyrrolones, 5-8) have been 
isolated and identified from X .  bwienii 
A2 and their antifungal and antibacterial 
activity demonstrated. Two lower homo- 
logues of dithiolopyrrolones or 
xenorhabdins (7 and 8) were isolated 
from this bacterial genus for the first 
time. More studies on the efficient pro- 
duction, stereochemistry (for 14), anti- 
microbial spectra of activity, and mecha- 
nism of bioactivity of these substances, 
and on the possible synergistic effect 
among these antibiotics are needed be- 
fore their full potential can be realized. 

EXPERIMENTAL 

GENERALEXPERIMENTALPROCEDU.-Nmr 
spectra were recorded on a Bruker WM400 spec- 
trometer in CDCI,, using residual CHCI, as inter- 
nal standard. The 2D nmr spectrum for the long- 
range 'H-13C correlation of compound 3 was ob- 
tained with the inv4lplrnd program in CDCI, 
(16). Low-resolution ms were obtained on a 
Hewlett-Packard 5985B gcims system operating 
at 70 eV using a direct probe. Cims were obtained 
with isobutane on the same instrument as de- 
scribed above. High-resolution ms were recorded 
on a Kratos MS80 instrument. Ir spectra were 
recorded on a Perkin-Elmer S99B spectrometer. 

TABLE 1. Antifungal Minimum Inhibitory Concentratic 

Test organism 

Aspergillus fumigatus ATCC 13073 . . . . . . . . . . . . . . . . . . . .  
A. &vus ATCC24 13 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Botrytis cinerea' . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C a n d i L  tropicales CBS94 . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Cryptococcus neof-ns ATCC 14 1 17 . . . . . . . . . . . . . . . . . . .  
Phytopbthwa infstansb . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Pytbium ultimum'. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

I (MC)  (p,g/ml) of Compounds 14. 

Compounds 

1 

>loo 
>loo 
>loo 
>loo 

50 
100 
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'Originally isolated from an Anjoupear and provided by Dr. P. Sholberg, Agriculture Canada Research 

bOriginally from Ciba Geigy, Switerland (isolate CB215), and provided by Dr. Z. Punja, Department 

'Originally isolated from bean rwts planted in the Fmer Valley, British Columbia, Canada and 

Station, Summerland, British Columbia, Canada. 

of Biological Sciences, Simon Fraser University. 

provided by Dr. J. Rahe, Department of Biological Sciences, Simon Fraser University. 
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Mps (uncorrected) were determined on a Fisher- 
Johns melting point apparatus. Optical rotations 
were measured on an Autopol 11, automatic pola- 
rimeter. Hplc analysis was performed on a Waters 
5 10 instrument with a Waters 484 uv detector. 

CULTURE comInoNs.-Xenorhabaks bwienii 
and its nematode symbiont S. filtiae used in this 
study were collected from soil in British Colum- 
bia, Canada and maintained in culture in this 
laboratory as described previously (4). Last-instar 
larvae ofthe greater wax moth, Gal(eria mellonella, 
were infected with infective juvenile (IJ) nema- 
todes,carryingX. bvuienii,at arateof25 IJsIlarvae. 
After 24 to 48 h the dead insect larvae were surface 
disinfected by dipping them into 95% EtOH and 
igniting them. T h e  cadavers were aseptically dis- 
sected, hemolymph was streaked onto an NBTA 
medium (nutrient agar supplemented with 0.025 
grams of bromothymol blue and 0.04 gram of 
2,3,5-triphenyltetrazolium chloride per liter) and 
incubated in the dark at room temperature. T h e  
resulting primary form of X. bwienii A2 was 
maintained and subcultured at 14day intervals. 
Inocula of the primary form were prepared by 
adding one loopful of the culture to 50 ml of 
tryptic soy broth (TSB) in a 100-ml Erlenmeyer 
flask. Cultures were shaken at 120 rpm on an 
Eberbach gyrorotary shaker for 24 hat 25". Bacte- 
rial fermentation was initiated by adding 100 ml 
of this bacerial culture to 900 ml of TSB in a 
2,000-ml flask. T h e  flask was incubated in the 
dark at 25" on an Eberbach gyrorotary shaker. 
After 96 h, the culture was immediately centri- 
fuged (12,00OXg, 20 rnin, 4") to separate the 
bacterial cells. 

EXTRACTION AND ISOLAnON.-The cell-free 
material was extracted with EtOAc four times, 
and the combined extracts were dried with anhy- 
drous Na$O, and filtered through glass wool. The 
filrate was concentrated on a rotary evaporator 
below 30" under vacuum to yield a brown oil. The 
above isolation process was repeated 10 times to 
yield approximately 2.8 g of the oil from 10 liters 
of culture broth. 

The crude extracts were processed through a 
Si gel (200 g Si gel 60, 4 0 x 5  cm, EM Science, 
Darmstadt, Germany) chromatographic column 
with 50% Et,O in hexane as the eluent. After 
compounds1(45mg/liter),2(18mg/liter),3 (100 
mg/liter), and 4 (40 mglliter) were eluted both in 
pure form and in a mixture, the bioactive fractions 
A and B were obtained by eluting with 70% Et,O 
in hexane. 

Fraction A was separated by hplc on a C,, 
prep. column (Spherisorb 10 [ODS(l)], 250X 10 
mm, 10 micro, Phenomenex, Torrance, CA) pro- 
grammed (10% MeOH in H,O for 5 min and 
gradually increasing to 90% MeOH in H,O in 25 
min, isocratic for 5 rnin) at 2.5 mumin. The eluate 

was monitored at 254 nm. Active peak 1 (R, 3 1.5 
min), peak 2 (R, 32.7 min), peak 3 (R, 33.5 min) 
(compound 5, 2 mglliter), peak 4 (R, 34.5 rnin) 
(compound 6 ,1  mg/ml)werecollected. Peak 1 was 
further separated by hplc on the same column with 
50% CH,CN in H,O as the eluent to give com- 
pound 7 (R, 12.9 min, 0.2 mg/liter). 

Fraction B was purified by hplc using the 
same conditions and process as those for fraction 
A. Compound 8 (R,30.3 min, 0.5 mg/liter) was 
obtained. 

Compound 1 . 4 b t a i n e d  as an oil; [a]"D 
+57" ( ~ 1 . 1 ,  CHCI,); 'H n m r  (CDCI,) 6 8.06 
(lH,brs,NH),7.64(1H,dJ=7.5 Hz),7.37(1H, 
d,J=7.5 Hz),7.21(1H,t,J=7.5Hz),7.15(1H, 
t,J=7.5Hz),7.05(1H,d,J=2.2Hz),5.46(1H, 
dd,J=4.5and8Hz),3.30(1H,dd,J=4.5and 15 
Hz), 3.18 ( lH ,  dd, J=7 and 15  Hz), 2.63 ( lH ,  
sext., J=7 Hz), 2.07 (3H, s), 1.73 ( lH ,  m), 1.39 
( lH ,  m), 0.98 (3H, d, J=6.5 Hz), 0.86 (3H, t, 
J=7 Hz); eims m/z 287 (M', lo), 227 (M+-60, 
lo), 170 (47), 130 (loo), 103 (lo), 84 (25), 77 
(20), 57 (35);cimsm/z288(M+1,44),228(100). 

Compound 2.-Obtained as an oil; 'H nmr 
(CDCI,) 6 8.06( lH ,  brs, NH), 7.64(1H, dJ=7.5 
Hz),7.37(1H,d,J=7.5Hz),7.21(1H,t,J=7.5 
Hz),7.15(1H,t,J=7.5Hz),7.05(1H,d,J=2.2 
Hz), 5.46(1H,dd,J=4.5 and8 Hz), 3.27 (lH,dd, 
J=4.5 and 15 Hz), 3.19 ( lH ,  dd,J=7 and 15 Hz), 
2.72 ( lH ,  hept., J=7 Hz), 2.07 (3H, s, COCH,), 
l.O9(3H, d J = 6  Hz), 0.99(3H,dJ=6Hz);eims 
m/z 273 (M', 25), 213 (M'-60, 15), 170 (bo), 
130 (loo), 103 (6), 84 (12), 77 (8); cims m/z 274 
(M+l,  48), 214 (100). 

Compound 3 . 4 b t a i n e d  as an oil; [al2'D 
+87°(c=1.0,CHCI,); ir(film)vmax3410,2967, 
2932,1705,1457,742 cm-'; 'H nmr (CDCI,) 6 
8.06(1H, brs,NH),7.63(1H,dJ=7.5 Hz),7.36 
(lH,d,J=7.5 Hz),7.20(1H,t,J=7.5Hz),7.15 
(lH,t,]=7.5Hz),7.12(1H,d,J=2.3Hz),3.52 
(lH,d,J=5.5Hz,OH),4.60(lH,m),3.32(1H, 
dd,J=4.5and lSHz),3.04(1H,dd,J=7and 15 
Hz), 2.77 ( lH ,  sext., J=6.5 Hz), 1.65 ( lH ,  m), 
1.42 (lH,m),O.99(3H,d,J=6.5 Hz),0.88(3H, 
t J = 7  Hz); "C nmr 6 11.4,14.8,27.1,29.8,43.1, 
76.2, 110.9, 11 1.2, 118.6, 119.5, 122.2, 122.8, 
127.4, 136.1,215.8; eims m/z 245 (M*, lo), 130 
(100),92(5),77(3), 57(2);cimsm/z246(M++l, 
loo), 130 (55); hrms m/zcalculatedforC,,H,~O, 
245.1416, found 245.1416. 

Compound 4 . 4 b t a i n e d  as an oil; [a]"D 
+86" (c=l. l ,  CHCI,); 'H nmr (CDCI,) 6 8.05 
( lH ,  brs,NH), 7.63 (1H,dJ=7.5 Hz), 7.36(1H, 
d,J=7.5Hz),7.20(1H,t,J=7.5Hz),7.14(1H, 
t, J=7.5 Hz), 7.1 1 (1 H,  d, J=2.3 Hz), 4.67 (1 H, 
m), 3.45 ( lH ,  d, J=5.5 Hz, OH), 3.31 ( lH ,  dd, 
J=4.5and 15 Hz),3.06(1H,dd,J=7and l5Hz), 
2.88(1H,hept.,J=7Hz), 1.13(3H,d,J=7Hz), 
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1.02 (3H, d,]=6.5 Hz); eims mlz 231 (M', 15), 
130 (1001, 103 (5), 77 (10). 

Compound 5 . 4 b t a i n e d  as a solid; mp 172- 
174"; eims, uv, ir, and 'H-nmr (Me,CO-d& data 
identical or very similar to those reponed (1 1); 'H 
nmr(CDC1,)G 7.43 ( lH ,  brs, CO-NH),6.63 ( lH ,  
s, H-3), 3.35 (3H, s,N-Me), 2.35 (2H,t,CO-CH2, 
J=7.4 Hz), 1.70 (2H, m, CH,), 1.35 (4H, m, 
CH,-CH,), 0.90 (3H, t, J=6.9 Hz); ',C nmr 
(CDCI,) 6 171.4, 167.0, 136.9, 132.6, 114.1, 
108.6, 36.5, 31.3, 27.8, 25.1,22.3, 13.8. 

Compound6.4btained as a solid; mp 154- 
156"; eims, uv and ir identical or very similar to 
those reported (11); 'H nmr (CDCI,) 6 7.43 ( lH ,  
brs, CO-NH), 6.63 ( lH ,  s, H-3), 3.35 (3H, s, N- 
Me),2.32(2H,t,CO-CH2,J=7.6Hz), 1.69(2H, 
m, CH,), 1.34 ( lH ,  m, CH), 1.24 (2H, m, CH,), 
0.88 (6H, d,J=7.0 Hz); 13C nmr (CDC1,)6 171.4, 
167.0, 136.9, 132.7, 114.4, 108.8, 38.4, 36.7, 
27.8, 27.8, 23.3, 22.5. 

Compound7.4btained as asolid; uv(MeOH) 
A rnax 389,315 nm; 'H nmr (CDCI,) 6 7.42 ( lH ,  
brs, CO-NH), 6.63 ( lH ,  s, H-3), 3.35 (3H, s,N- 
Me), 2.20 (2H, d, CO-CH,, J=7.6 Hz), 1.2-1.6 
( lH ,  m, CH), 1.00 (6H, d,J=6.4 Hz); eims mlz 
272(2),271(3),270(M',22), 188(10), 187(11), 
186 (loo), 185 (9), 105 (9), 69 (9), 57 (14); hrms 
mlz calcd for C,,H,4N,0,S,, 270.0497, found 
270.0498. 

Compound8.4btained as asolid; uv (MeOH) 
A rnax 390,310 nm; ir (KBr) v rnax 3448,1654, 
1560,1458 cm-'; 'H nmr(CDC1,) 6 7.63 ( lH ,  br 

Me), 2.32 (2H, t, CO-CH,, J=7.3 Hz), 1.72 (2H, 
sext., CH,, J=7.4 Hz), 0.99 (3H, t, J=7.4 Hz); 
"C nmr (CDCI,) 6 171.3, 167.0, 136.7, 132.4, 
114.2 (these first 5 signals were extremely weak 
due to the limited amount of the sample available 
and were therefore estimated from the spectrum), 
108.5, 38.4, 27.7, 18.8, 13.6; eims rnlz 258 (3), 
257 ( 4 , 2 5 6  (27), 188 (lo), 187 (111, 186 (loo), 
185 (9), 130 (8); hrms mlz calcd for C,,HI4N,O,S, 
256.0340, found 256.0338. 

S, CO-NH), 6.63 ( lH ,  S, H-3), 3.35 (3H, S, N- 

ANTIMICROBIAL BIOASSAYS (13).-Determi- 
nation ofminimum inhibitory concentration (MIC) 
values (13): Active compounds 14 were dis- 
solved in DMSO, filter sterilized with a 0.2-p-n 
filter and diluted into 2 ml of potato dextrose 
broth in a 5-ml vial, resulting in a final DMSO 
concentration of <0.4% (vlv). The active com- 
pounds were serially diluted twofold to produce 
culture media containing dilutions from 200 Fgi 
ml of active ingredient in order to determine the 
MIC value. Each dilution was replicated three 
times with both liquid media and agarplates. The 
two yeast test candidates (C. tropicala and C. 
neofo+mans) were grown on potato dextrose agar 
(PDA) for 24 hat 25', then scraped from the plate 

by flooding the plate with 0.8% d i n e  and diluted 
with the saline to make inocula containing 2.5 to 
2.8XlO' cells per ml. Aspwgii lw spp. and B. 
cinerea were grown on PDA for 7 days at 25' before 
the conidia were harvested by flooding the plate 
with sterile, distilled water and diluting to make 
the final inoculaof2.5 to 3.0X106conidiaperml. 
The inocula were then added to the c u l m  media 
with the test chemicals. T h e  tests on P. xltimum 
and P. infutans were performed on water agar 
(1.5%)and ryeagar(l7), respectively. Thechemi- 
cals were diluted with distilled H,O, mixed with 
equal amounts of agar. A mycelium plug (0.5 cm 
in diameter) was placed in the center of each plate 
containing agar and the test chemical. Replicates 
were incubated at 35" (B .  cinerea, P. ultimum, and 
P. infatam were inoculated at 24") and the MIC 
value visually determined after 24 h (48 h for B.  
cinerea, 96 h for P. infatum). The MIC value is 
defined as the lowest concentration of active com- 
pound which prevents the growth of the test 
organism under the above conditions. 
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