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The structure of circinatin, a non-toxic metabolite from the plant pathogenic fungus Periconia circinata
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Summary. A new non-toxic metabolite, circinatin, has been isolated from culture filtrates of the fungus Periconia
circinata grown under modified conditions which suppress the normal production of host-specific toxins. The
structure of the new compound has been established as in 1 by combination of instrumental analysis and chemical
degradation.

Key words. Milo disease of sorghum; Periconia circinata; circinatin; D-cyclolysine; D-aspartic acid; 3-(E-pent-1’-
enyl)-glutaric acid.

bottles containing 100 ml of modified Fries’ mediuvm sup-
plemented with 0.1 % yeast extract*>. From such cul-
tures Wolpert and Dunkle® purified two PC-toxins
which were characterized as peptides (MW < 2000) resis-
tant to proteases and having aspartic acid as one of their
constituents. We have now observed that when the fun-

The fungus Periconia circinata (Mangin) Sacc. produces
host-specific toxins that are important pathogenicity fac-
tors causing disease symptoms on cultivars of sorghum
susceptible to the fungus . Abundant toxin production is
observed when the pathogenic isolale is grown in 1-liter
Roux bottles containing 200-m! or in 400 -ml prescription
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an authentic specimen ®. The presence of a trans disubsti-
tuted double bond in the corresponding C,,-moiety of
circinatin is clearly revealed by the NMR data (cf. tables

‘ Experientia 46 (1990), Birkhauser Verlag, CH-4012 Basel/Switzerland

1207

o HOOC o
" H " HOOC
N I\ .oNH; :
. AN
o HOOC” 2 > NH,
1 2 3
HOOC HOOC HOOC NH,
N H H
oN N N
NH,
© O
COOH
4 6 7
(@]
R
N
1
5 Gl H ¢
5
4
N Hoot o boom
5, X=Br 9 10 11
8, X=Cl
gus is grown in 500-ml! Erlenmeyer flasks containing
100 ml of medium toxin production is suppressed, while  Table 1. 400 MHz *H-NMR data® of circinatin (1)
a non-toxic metabolite is produced in relatively large  supumc Position  in D,0 in DMSO-d,
quantities. The avaﬂal?lhty of substantial .ql{ant{tles of C.odiacid 1 084 GH. 1, 73) 0.82 (GH, 1. 7.3)
the new compound, which we have named circinatin, and 2 1.34 (2H, sext; 7.3)  1.28 (2H, sext; 7.3)
i i ic relationship to the PC-toxins 3 1.96 (2H, q; 7.2) 1.88 (2H, q; 6.9)
its SuS.p.CCth b.IOgenetlc el?tlo P . h h 4 5.57 (dt; 15.3, 7.2) 5.40 (dt; 15.5,7)
made it interesting to tackle its structure in the 1ope that 5 533 (ddt; 15.3,8.3,  5.31 (dd; 15.5, 6.5)
this might serve as a good prelude for later studies of the 1.3)
less abundant PC-toxins. In this paper we provide evi- (73 g?f Edmci‘ 144, 55) g?g geH"tng
dence which establishes 1 as the structure of circinatin. 238 (4d; 14.4, 9.2) . ’
Circinatin, [white crystals from H,O, soluble in methanol 7 © 246 (dd; 13.7,5.5)  2.34 (dd; 15.2, 5.3)
and DMSO, mp 165 OC’ [(x]D — + 29 [} (C — 09, HZO)] 2.33 (dd, 137, 96) 2.14 (dd, 1542, 87)
~ has the elemental composition C,oH;; O,N;, as in- P G2 4.76 (dd; 7.7, 5.5) 4~5660()ddd; 8.0, 7.7,
dicated by its FAB mass spectrum (M + H*] = 426 in 3 291 (dd; 16.7, 5.5 271 (dd; 16.5, 6.0)
thioglyc matrix) and evaluation of the ‘H- and 13C- 278 (dd; 16.7,7.8)  2.40 (dd; 16.5, 7.7)
NMR spectra (cf. tables 1 and 2). The compound fails to N-2 825 (d; 8.0)
display a ninhydrin reaction, titrates as a dibasic acid  cvelolys C‘g ;‘gg 83331-123’ 2-6) ‘1‘;13 Eddi;;’-& 6.4)
. . a . ; 13.6, 28 (q;
(PK¥* s = 6.68°, equivalent weight 212.0), and can be 12.0, 2, 3) a
converted by treatment with diazomethane into a 3e 1.86 (m) 1.85-1.70 (m)
dimethylester. Hydrolysis of 1 with 6 N HCl under forced da 1‘7162 ((;idfzdg; 313'3;” 162 3; 13)
conditions (110 °C/16 h) provided a complex mixture of 4e 201 (ddd; 13.6, 4, 3) 1.85-1.70 (m)
products, two of which could be identified as cyclic D- Sa 1-4102 (id%id; 13,12, 117 (g, 13)
lysine (2.) and partially rgcemized D-aspartic acid (3) by Se 1.86 (m) 1.85-1.70 (m)
comparison with authentic samples ’. Hydrogenation of 6a 3.16 (ddd; 15, 11,
1 in aqueous solution in the presence of Adams catalyst 330 QH, m) 5
yielded a saturated dihydroderivative, hydrolysis of 6c ’ - 3.04 (m)
which gave, in addition to 2 and 3, a C, o-component, N-2 7.65 (d; 6.4)
identified as S-pentylglutaric acid (4) by comparison with N-6 785 (4d; 6, 5)

* d-values relative to external DSS = 0 ppm; in parenthesis: number of
hydrogens (if more than one), multiplicities, and J-values rounded to the
next significant number. Connectivities were verified by COSY-2D mea-
surements.
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Table 2. 100 MHz '*C-NMR data® of circinatin (1)

Subunit Atom No. in D,0O° in DMSO-d¢
C,o-diacid 1 154 g 132 q
2 244t 21.8t
3 365t 338t
4 136.0 d 129.5d
5 132.3d 131.9d
6 39.6d 352d
7 435t 404t
7 42.3-42.8 t° 38.8t
8 1772 s 170.7 s
8 179.4-179.7 s° 173.0 s
asp 1 1739 s 169.3 s
2 52.7d 492 d
3 38.2-39.6 t° 357t
4 176.7-177.0 s> 171.7 s
cyclolys 1 179.4 s 173.7 s
2 55.0d 51.4d
3 325t 308 t
4 30.0 t¢ 275t
5 30.2 t¢ 287t
6 396t 352t

a5-values relative to external TSP = 0 ppm; multipicities derived from
DEPT spectrum. ® Assignments corroborated by the results of incorpo-
ration experiments with CH,'*COOH and '*CH,'*COOH. ©é-value is
pH-dependent, signal occasionally diffuse or missing. ¢ May be interchan-
ged. °Assignments based on HMBC and HMQC experiments (cf. text).

1 and 2) which also locate its position as indicated in 1.
A linear arrangement of the three subunits of circinatin
was first suggested by the appearance in the FAB-MS
spectrum of peaks at m/z 244 and 183 which were attrib-
uted to a dipeptide encompassing the subunits 2 and 3
and to an anhydride of the unsaturated C,,-component,
respectively; formation of the latter requires that the
corresponding subunit of 1 displays one free carboxyl
group.

Independent evidence for the suggested mode of linkage
of the three subunits in circinatin came from additional
NMR investigations of 1 in dimethyl-d, sulfoxide (DM-
SO-d,) including *H-detected 'H—">C one bond corre-
lations (HMQC)? and long range correlations (HM-
BC)'°. Specifically, the three NH signals in the
downfield region of the DMSO-d4 spectrum were as-
signed as in table 1 from the COSY spectrum of 1. In the
HMBC spectrum, cross peaks to both lys-6-NH and lys-
2-NH identify the *3C-signal at 173.7 as lys-1. The asp-
C,-H shows long range couplings to the three carbonyl
carbons at 171.7, 170.7 and 169.3, whereas both asp-Cg-
protons have cross peaks to only two of these (169.3 and
171.7). A strong cross peak to the asp-NH corroborates
the assignment of the signal at 170.7 to the amide car-
bonyl group of the C;,-acid component. A set of two
cross peaks from C-6-H to the CO-resonances at 170.7
and 173.0 confirms this and assigns the signal at 173.0 to
the free carboxylate of the C,,-unit. Long range cou-
plings between the CO-carbons of the C,o-unit and their
respective o-methylene protons show that the signals at
2.34 and 2.14 correspond to the protons next to the free
carboxylate, whereas the methylene group o to the
amide-group resonates as a higher order multiplet at
2.18. A strong cross peak between lys-2-NH and the
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asp-CO signal at 169.3 confirms the sequence cyclolys-
asp. However, within the aspartate moiety each of the
three protons displays couplings to both CO-carbons and
a decision concerning the position of the amide bond
cannot be met on this basis. Evidence for a specific ami-
dation of the a-carboxyl group was obtained by showing
that irradiation of the lys-2-NH signal causes a strong
NOE on the asp-o-H signal without affecting the two
B-H signals.

Eventually, independent chemical proof for the correct-
ness of formula 1 was obtained as follows. Treatment of
circinatin with one equivalent of bromine in aqueous
solution gave a complex mixture from which two pure
compounds could be isolated by HPLC on a RP-Cy,
column. The less polar material, isolated in low yield, was
identified by its spectroscopic data as the bromo-y-lac-
tone with partial formula 5 {FAB in NOBA [M + H™]
= 504, 1 Br; IR(KBr): 1780, 'H-NMR: new signals at
4.42 (ddd; 10, 4.1, 3.3): C4-H and at 4.48 (t; 4.1):
C-5-H}. The more polar compound, eluted with the void
volume, was further purified on a Bio-Gel P-2 column
(Biorad) and identified as the dipeptide 6 by comparison
of its properties (FAB-MS, HPLC, *H-NMR, CD:
Agy g = —2.471-mol~'-cm™1) with those of authentic
synthetic specimens of 6 (CD: Ag,; 3 = —2.56) and 7
(CD: Aey,, = 1.73, Asyqs =0)''. Similar results were
obtained by treatment of circinatin (1) with chloroper-
oxidase (EC 1.11.1.10, Sigma C 0887) in the presence
of KCl in H,0. Four compounds were isolated and
characterized: (a) the dipeptide 6, (b) a chloro-y-lactone
8 {FAB-MS in glyc-thioglyc: [M + H*] =460, 1 Cl;
IR(KBr): 1780; 'H-NMR: new signals at 4.30 (ddd; 10,
4.1,3.2): C-4-H and 4.46 (t; 4.1): C-5-H}, (c) a chloro-4-
lactone 9 {FAB-MS in glyc-thioglyc: [M + H™] = 466,
1 Cl; IR(KBr): 1730; 'H-NMR: new signals at 4.39
(ddd; 10, 6, 2.5): C-4-H and at 4.01 (t; 10): C-5-H},
(d) a chlorohydrine 10 {FAB-MS in glyc-thioglyc: weak
signal at m/z 478, 1 Cl: [M + H*], strong signals at m/z
129 (cyclolys), 244 (cyclolys-asp) and 460 (1 Cl):
[M + H*]—H,0; IR(KBr): 1682, 1210, 1180, 1140; H-
NMR : new signals at 4.50 (td; 7, 2.2): C-4-H and at 4.60
(d;2.2); C-5-H}. From the "H-NMR data, a trans-trans-
triequatorial arrangement of the substituents at C-4, C-5
and C-6 can be inferred for the d-lactone 9, whereas no
conclusion can be drawn about the relative stereochem-
istry of the newly formed chiral centers in 5, 8 and 10.
Formation of the lactones 5, 8, and 9 vindicates the
presence of a free carboxylate group and the position of
the double bond in the C,,-component of circinatin (1),
while the release of the dipeptide 6 is suggestive of a
process in which the amidated side chain participates in
the halogenation step to yield an iminoester of type 11 as
a labile intermediate.

These results provide a firm basis for assigning to circi-
natin structure 1, in which only the absolute configura-
tion of the chiral center in the C, ,-subunit remains unde-
fined.
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J A. Byers?, F. Schlyter?, G. Birgersson® and W. Francke®

“ Department of Ecology, Lund University, S-223 62 Lund (Sweden), ® Department of Chemical Ecology, Giteborg
University, S-400 33 Géteborg (Sweden), and ° Department of Organic Chemistry, University of Hamburg, Martin-
Luther-King Platz 6, D-2000 Hamburg 13 (Germany )

Received 20 March 1990; accepted 29 June 1990

Summary. Males of the Eurasian bark beetle Ips duplicatus, when feeding in host Norway spruce (Picea abies (L.)
Karst.), produced and released ipsdienol and E-myrcenol, which we show to be aggregation pheromone components.
Bioassays using walking beetles indicated that E-myrcenol in synergistic combination with ipsdienol is essential for
attraction. Synergism of E-myrcenol and ipsdienol released at natural rates in the forest was also demonstrated with

a new technique using mechanical slow-rotation of sticky traps.
Key words. Pheromone; E-myrcenol; ipsdienol; Ips duplicatus; Coleoptera; Scolytidae; Picea abies.

The genera Ips and Dendroctonus include most of the
‘aggressive’ tree-killing bark beetles that account for the
major losses of coniferous trees in the northern hemi-
sphere 2. These species release pheromones, leading to
the aggregation of the beetles on a tree and the overpow-
ering of its resinous defenses 2. In the genus Ips, no
aggregation pheromone components with a monoter-
pene structure have been discovered since ipsenol, ips-
dieno] and cis-verbenol were identified in 1966 in the
American bark beetle I. paraconfusus®. Most Ips species
use these semiochemicals alone or in mixtures as phero-
mone components’ ~*. A few additional compounds
have been suggested as aggregation pheromone compo-
nents, among which only 2-methyl-3-buten-2-ol (methyl-
butenol) in European I. typographus has been confirmed
as significantly active > >7,

Ipsdienol is produced by males of I. duplicatus feeding in
spruce logs and is attractive alone ®. The ipsdieno] found
in males consists of an equal ratio of (+)- and (—)-enan-
tiomers (Birgersson, unpublished). Commercial baits for
1. typographus consisting of ipsdienol, cis-verbenol and
methylbutenol are also attractive to I. duplicatus”, but it
is not known whether the latter two compounds are es-

sential. Therefore, in order to determine whether ips-
dienol alone is responsible for aggregation, the attrac-
tiveness of a range of release rates of racemic ipsdienol
was compared in a laboratory bicassay to that of
volatiles from males feeding in a host log. Females were
tested for their upwind attraction to an odor source as
they walked in a 42-cm diameter arena ®. In the bioassay,
release rates spanning five orders of magnitude, from
0.02 to 2000 ng ipsdienol per min., were of low attractive-
ness (< 23% response) with the 20 ng/min. rate being
most attractive (table). The attraction of females to the
infested log was much higher (75%), indicating that ad-
ditional components participate in eliciting the natural
attraction (table).

To identify potential pheromone components in 7. dupli-
catus, males were collected from nuptial chambers in a
tree during the first days of attack (Torsby, Virmland,
Sweden, in May 1982). Males were stored in liquid nitro-
gen until extraction of their hindguts in pentane with an
internal standard of heptyl acetate, as described earlier °.
Volatiles in the extracts were identified and quantified by
gas chromatography and mass spectrometry (GC-MS)
(fig. 1). Besides ipsdienol, other formerly discovered



