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Abstract&The C,,, acid 2.4-dihydroxy-6-(1-hydroxyacetonyl) bdnzoic acid. together with the 6-acetonyl- and 6- 
pyruvyl-analogues, has been identified as a metabolic product of Crrutocysris ulmi. the causative agent of Dutch 
elm disease. In a comparison of aggressive “fluffy” and non-aggressive “waxy” strains of C. ulmi, the Cl0 acids 
were produced more rapidly and in greater yield by the former group. 

INTRODUCTION 

C~atocystis ulmi, the causative agent of Dutch elm disease, disseminated in Europe by 
bark beetles of the genus Scolytus, is a phytopathogenic fungus which has not been investi- 
gated for the production of secondary metabolites of low MW. 

After earlier work’ had suggested that culture filtrates of C. ulmi contained phytotoxic 
material, Dimond’ demonstrated that this consisted of two components, a high MW poly- 
saccharide. precipitated by ethanol and considered to be responsible for the upcurling of 
leaves, and an ethanol-soluble substance responsible for the necrotic lesions which develop 
between the veins of leaves of infected trees. Following a controversy over the relation of 
the polysaccharide fraction to wilting,3 attention was concentrated on the ethanol-soluble 
component. A mixture of glycoproteins of high MW, which were considered to induce dis- 
ease symptoms similar to those produced by the fungus, was isolated4 after dialysis and 
ultracentrifugation. 

Although this evidence4 appeared to be conclusive, the recent outbreak in this country 
of Dutch elm disease, arising probably from the reimportation from North America of a 
virulent “fluffy” strain of C. ulmi, more aggressive in character than the endemic “waxy” 
strainT5,” has led us to compare the ability of these strains to produce secondary metabo- 
lites of low MW. Our results have already been reported in summary.’ 

RESULTS AND DISCUSSION 

Two “fluffy” strains, numbers 43 and 44 in our culture collection, and two “waxy” 
strains. numbers 45 and 46. kindly contributed by Dr. J. N. Gibbs of the Forestry Commis- 
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With the “uaxy” strains 45 and 46 the fermentation took the same gcncral course, but 
with a much expanded time scale (30 days). The pattern of metabolic activity prescntcd 
by these results is consistent with the difbcnces in growth rate previously” corrclatcd with 
differences in pathogenicit! of the “flufly” and “maxi” strains. 

The m:!jor component. m.p. 202 (decomp.) of the material responsible for the III’ 
absorption was extractccl at pH 2 by ethyl acetate. bur not hi, chloroform. Particularly 
with the wau> strains. an initial extraction of the culture liltwte with chloroform ga\c ;I 

cleaner product. It wts purified by repeated rccrq,st~tllizatioo from cthcl acctatc and its 
composition nas detcrmincd hy microanalysis and high resolution MS. It L\;IS an opticnIl> 
inactive phenolic carboxylic acid. CI,,HI,,O,,. identified as 2.4-dihqdroxJ,-h-( I-hq,drcls\acc- 
tony]) bcnroic acid I1 : RR’=H. OH) or its 3.4-dihqdro-?-1i~dr~x~-is~~c~~tl~~~~~ri~~ tautomcl 
(la; RR’=H. OH). It ARS accompanied hy smaller amounts of the C‘,,,H,,,O, bacetonyl- 
analoguc (I : RR’=H:) or lactol tautomer and. p;~l-ticuI;Irl~~ in thlx later stapcs of the fcr- 

mcntation, hy the C‘, CiHxO,, 6 ~~~~rL~vyl-analogue (1 : RR’-{)) or lactol tautomers. With 
stuin 44 this was apparent after- da) 30. charactcrizcd h!s the appxratlcc of‘an additic)nal 

band at 350 nm in the I’V spectrum of the extract. 



Phenolic metabolites of c‘. ulrni 2569 

The same mixture of C,, acids, together with mycophenolic acid and 3,5-dihydroxy- 
phthalic acid has previously been isolated From a number of strains of Penicillium hrevi- 
compact~m.**~ The closely related isocoumarins (2; R=H and Me) are known metabolic 
products of another species of Ceratocqstis, C.,firnhriata.lo*ll 

OH 

CO,” 

CHR.CO,Me 

die 
(4) 

The C’,,, acids form a soiid s07;:uti0n fruii-7 u&i& GX iiNkduS’r c~5~pmwSs sverf k- 

itially’,” obtained by a complex and tedious fractional cr>stallizntion in\,olving. at one 
stage. the separation of the lead salts. Prepared in this way. each acid contained (by TLC) 
traces of the other two components. Subsequently, the mixture was separated by column 
chromatography on cellulose.‘4 We find that preparative TLC on silica gel in diisopropyl 
ether-formic acid- water is satisfactory on a small scale and gives a series of well-separated 
bands from which the individual C,,, acids can be recovered by extraction with water and 
re-extraction of the acidified aqueous solution with ethyl acetate. 

With the major metabolite identified as the ketol (1; RR’=H. OH), a spectrophotometric 
assay for the C,,, acids. expressed as “apparent ketol”, was developed. based on the inten- 
sity ofabsu~donat 302 nm{r@?#). The kefofhp{I ; RR’=H,)amd the kefol II: RR’=H.OH) 
have essentially identical LJV absorption curves. Although the introduction of a second 
carbonyl group in the diketone (1; RR’=O) products a bathochromic shift of the first 
alssurption bar16 to _1$8 nm, by ro&~&~e the second hand falls c\ose to 3O2 nm and the 

erfincIj0n coeficjenf js not so djfferent from 6900 as to cause any major error when 
amounts of the diketone are small. In more accurate work the diketone can be estimated 
sepzatrly firm the intensity at 348 nm and the appropriate correstjon made. 

The yield. expressed in this way. of the C,, acids from the “fluffy” strain 44 was CLI 70 
rrgl7 after 16 days when the yield from the “waxy” strain 4.5 was only 5 rng/+ At the point 
where the total yield of C, ,, acids from strain 44 was approaching its maximum. the yield. 
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by preparative TLC. of the ketone (1; RR’=H:) was only 5 mg,l, but could habe been 
greater earlier in the fermentation since the biosynthesis of this group of polykctidcs via 
the acetate-polymalonate pathway clearly proceeds in the sequence (I : R R’=H I] --+ (I ; 
RR’=H,OH) --+ (1; RR’=O). Very much higher yields of the C, ,, acids \\‘cre obtained in shake 
culture (4-6 days). 250 mg,‘l. being obtained from strain -I?. 

As a corollary to these results it was of interest to ascertain &,hethcr the C’,,, acids w~c 
also produced by strains of C. ulmi isolated during earlier epidemics of Dutch ctm disease. 
When such a strain (number 52). which had been maintained in a culture collection for 
25 yrs, was grown under the same conditions. the rate of consumption of carbon source’ 
was almost identical to that of the “waxy” strains 4.5 and 46 (Table 1) and IIV uhsorbing 
secondary metabolites. formally identified as the C,,, acids. wcrc produced in >,icJcJ\ similar 
to those from strains 45 and 46. and at the same rate. It seems prohablc. thrrcli>rc. that 
pathogenic strains of C. ~rln~i have always been capable of the biosynthL>sis of ths (‘,,, acids. 

Whilst this work was in progress the ketone (1 : R=H?) has been isolated from t\f’o other. 
quite unrelated. plant pathogens 11lrr~r~rr.i~ Xil\~~hi(~~r’~ and Pj~ic~//triitr o/.~..:rrc”“ :~nd has 
been shown to be moderately phq totoxic. 



Phenolic metabolites of C. uhni 2571 

and a brown resinous acid fraction (124 mg) which deposited an amorphous powder (10 mg) on trituration with 
EtOAc. Recrystallization of this from EtOAc afforded the ketol (1; RR’=H, OH), identified by IR (see strain 43 
below). A portion (45 mg) of the recovered EtOAc soluble resin was subjected to preparative TLC (2 plates) as 
described above and the materials contained in bands at R, 0.85, 067, 0.34, 033 and @20 were recovered. The 
fracGon R, 0.67 had 1,,,300, 350 nm and was sublimed at 140”/10~Z mm giving a sticky solid, which, after expo- 
sure to moist air, crystallized from EtOAc-light petrol in prisms, m.p. 166”. of the hydrate of the diketone (1; 
RR’=O) (Found: M+ 224. Calc. for C10H80h: M+ 224) v,,, 3465, 3315, 3150 (br), 1740, 1615cm-‘, i,,,,296, 
348 nm E 4610, 1650, identified by comparison of the IR with that of an authentic specimen, m.p. 16&168”.” The 
fraction R, 054 had i.,,, _ 765, 300nm and crystallized from EtOAc-light petrol in rhombs, m.p. 154” decomp. 
of the ketone (1: RR’=H,) (Found: M’ 210. Calc. for C,“H,,,O,: MC 210) Y,,,,,, 3150 (br). 1645, 1630. 1595, 
I505 cm ‘. i ,,, 265. 300 nm. E 10,5006000(lit.‘” m.p. 156 decomp.) Identified bq comparison of the IR with that 
ofan authentic specimen recrystallized in the same way from the same solvent system. This compound was some- 
times obtained in a different crystalline modification, m.p. 154‘ decomp.. vmrx 3380, 3220, 1665, 1630, 1590, 
1510 cm- ‘. The fractions R( 085 and 0.33 showed only end-absorption in the UV and were not examined further. 
Thr fraction R, 0.70 had /.,,,,, __ 757. 294 nm. It was sublimed at 100 ,‘iO- ’ mm. but the amount of material obtained 
was too small for unequivocal identification. (b) SDZ~JJ 46. After 34 days the yields of neutral and acidic extracts 
were 48 mg and 157 mg respectively from 1140 ml culture filtrate. The ketol (1; RR’=H, OH) (19 mg. 17 mg/l.) 
was obtained by EtOAc trituration of the acidic extract and a portion (42 mg) of the recovered residue was then 
subjected 40 preparative TLC giving material Rf 0.79, 0.67, 0.54, 0.35, 0.19 and 0.13. The fractions R, 0.67, 0.54 
and D35 were shown to contain the diketone (1; RR’=O), the ketone (1; RR’=H2) and the ketol (1; RR’=H, OH) 
respectively on spectroscopic evidence (UV and IR). (c) Strain 43. After 23 days extraction of the culture filtrate 
(9OOml) from 4 flasks gave neutral (77 mg) and brown acidic (65 mg) fractions. Trituration of the latter with 
EtOAc afforded a buff powder (12 mg, 13 mg/l.), m.p. - 170” decomp., which was recrystallized twice from the 
same solvent giving prisms m.p. 195’ decomp. of the ketol (1; RR’=H, OH) (Found: C, 53.6: H, 4.8% M’ 226. 
(‘ale. for C‘,,,H ,oO,,: c‘. 53.1 : H. 4.5’:; M’ 226) [XI,, = 0 at 589. 546 and 365 nm. C = O,ll ; l’,,,.!, 3400, 3300, 3120 
(brI, 1640, 1625, 1590cm-I:;.,,,,, 26X. 302 nm. E I 1.400, 6900 (lit.” m.p. 202-206 dccomp.) identified by compari- 
son of IR with that of an authentic sample. The residue showed material R, 0.95,0,75, D67, 0.42, @31 and 0.18 
on TLC, but was not examined further. After 34 days the culture filtrate (400 ml) from 2 flasks afforded neutral 
(I 4 mg) and acidic (46 mg) fractions. The ketol (1; RR’=H, OH) (6 mg) was isolated from the latter and a portion 
of the residue (26 mw) was subiected to oreoarative TLC Material in bands RF 0.94, 0.76. 0.67. 0.60, 0.42. 0.31 
and 0.14 was recovered. The fractions R; 0.67, 0.42 and 0.31 were shown to coitain the diketone (1; RR’=O), the 
ketone (1; RR’=H,) and the ketol (1; RR’=H, OH) respectively by sublimation in C~CUO and/or crystallization 
from EtOAc-light petroleum as described above. The fractions R, 0.94 and 0.76 had no specific UV absorption 
and were not examined ful-the)-. The fraction R, 0.14 had i ,,, ,j 757. 294 nm. but proved to be intractable. (d) Srruin 
44. After 23 daks neutral (X5 mg) and acidic (IOU me) extracts were obtained from the culture filtrate (800 ml). 
The acidic c\1ract aflordcd the kctol (I : RR’ :H. OH) (I9 mp. mg,‘l.) After 33 days the yields of neutral and acidic 
c\tracts hcrc I? mg and 70 mg respecti;ely from 340 cilture filtrate. The kctol iI: RR’=H, OH) (12.5 mg, 
35 ms/l.) was obtained from the acidic extract. TLC of the residue showed material at R, 0.79. 0.67, 0.52, 0.32, 
0.19 and 0.13. (e) SrruiM 52. Preparative TLC of the black oil (109mg) from 1.21. cult&e filtrate from a fer- 
mentation harvested after 21 days gave bands at R, 0.94. 0.82. 0.67. 0.57. 0.50. @41, 0.31 and 0.17. The material 
R, 0.50 cr!stalliled from EtOAc-light petroleum in prlsmq m.p. I.52 dccomp. (6 mg) of the ketone (I; RR’ HZ) 
idcntilied bq the IR. The kctol (1: RR’=H, OH) m.p. 202 decomp. (8 mg) was obtamed from the band R, 031. 
Tile band R, Oh7 had the I;V absorption of the dikctone (I : RR’=()) hut the amount present ( c I mg) was too 
small for lormal identification. 

Sl~kr L.LIIIIIW: Srrui,~ 43. The crude semi-solid acidic extract (3.15 g) from 8.1 I. culture filtrate was 
crystallized from EtOAc giving the ketol(1; RR’=H. OH) (I.36 g, 168 mg/l.). A portion (52 mg) of the residue was 
subiected to preparative TLC and material R , 0~77.0~67,0~50,0~30 and 0. I3 was collected. The diketone (1; RR’=O) 
and the ketol (1; RR’=H, OH) were obtained from the fractions R, 0.67 and 0.30 respectively by crystallization 
from EtOAc Although the fraction R, 0.50 had the correct UV absorption (A,,,,, 265, 300 nm) no 
crystalline ketone (I : RR’=H: ) could be obtained from it, and only a trace could have been present. 
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