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Chaetomium species (Ketomium®) as a new broad spectrum biological fungicide for plant
disease control: A review article. Fungal Diversity 7: 1-15.

Research and development of biological control agents for use against plant diseases have been
undertaken for several years in both government and private sectors, as natural agents are
needed to take the place of chemical fungicides. The problem associated with the use of
hazardous chemicals for disease control has received increasing attention worldwide, due to the
fact that pathogens become resistant to chemical fungicides and the resulting environmental
pollution and ecological imbalances. The implementation of practical integrated biological
control technology to control plant diseases has been successfully introduced to growers in
China, Philippines, Russia, Thailand and Vietnam by using new broad spectrum biological
fungicides from Chaetomium (Thailand Patent No. 6266, International Code: AOIN 25/12 and
registered as Ketomium® mycofungicide). Since 1989, the biological product has been
developed and improved from 22-strains of Chaetomium cupreum CCO01-CC10 and
Chaetomium globosum CGO01-CG12 in the form of pellet and powder formulation. The
formulation has successfully been applied to infested field-soils with integrated with cultural
control measures and organic amendments for the long-term protection of Durian (Durio
zibethinus L.) and Black Pepper (Piper nigram L.) caused by Phytophthora palmivora,
Tangerine (Cirrus reticulata Blanco) caused by Phytophthora parasitica and Strawberry
(Fragaria spp.) caused by Phytophthora cactorum, Wilt of Tomato (Lycopersicon esculentum
L.) caused by Fusarium oxysporum f. sp. lycopersici and Basal rot of Corn (Zea mays L.)
caused by Sclerotium rolfsii against Phytophthora rot. Bio-control technology of plant diseases
has successfully been demonstrated, either completely or partially, when integrated with other
control measures for appropriate disease management. Biological products are useful, not only
for the protection against plant diseases, but can also be used for curative effects of plant
diseases, and also promote plant growth.

Key words: biological control, Chaetomium, mycofungicide.
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Introduction

Chaetomium species are normally found in soil and organic compost.
Chaetomium is one of the largest genera of saprobic ascomycetes with more
than 300 species worldwide (Arx et al., 1986; Soytong and Quimioc, 1989).
Chaetomium species are potential degraders of cellulosic and other organic
material and can be antagonistic against various soil microorganisms.
Chaetomium globosum and C. cochlioides are antagonistic to species of
Fusarium and Helminthosporium (Tveit and Moore, 1954). It has been found
that by using specific strains of C. globosum it is possible to obtain good
control over many plant pathogens. By coating seeds of corn with spores of
Chaetomium globosum it was possible to prevent seedling blight caused by
Fusarium roseum f. sp. cerealis ‘graminearum’ (Chang and Kommedahl, 1968;
Kommedahl et al., 1981). Such seed coating treatments were also found to
reduce disease incidence of apple scab caused by Venturia inequalis (Heye and
Andrews, 1983; Cullen and Andrews, 1984; Cullen e al., 1984; Boudreau and
Andrews, 1987). It has also been reported that some isolates of C. globosum
produce antibiotics that can suppress damping-off of sugar beet caused by
Pythium ultimum (Di-Pietro et al., 1991). A further isolate of C. globosum was
found to be antagonist against Rhizoctonia solani (Walter and Gindrat, 1988)
and Alternaria brassicicola (Vannacci and Harman, 1987) and also reduced the
quantity of sporulation of Botrytis cinerea on dead lily leaves exposed in the
field (Kohl er al., 1995). One strain of C. cupreum has also been reported to be
antagonistic against Phomopsis and Colletotrichum spp which are soybean
pathogens (Manandhar et al., 1986).

Screening of Chaetomium species and strains isolated from soils for use
as potential biological control agents commenced in Thailand in 1989. Reports
indicate that strains of C. cupreum and C. globosum are able to suppress plant
pathogens such as Curvularia lunata, Pyricularia oryzae and Rhizoctonia
oryzae in vitro (Soytong, 1989, 1992a). Viable spores of Chaetomium spp.
were able to reduce tomato wilt caused by Fusarium oxysporum f.sp.
Iycopersici in greenhouse and field trials (Soytong, 1990, 1992b) and also
prevent basal stem rot of corn caused by Sclerotium rolfsii (Soytong, 1991).
Twenty-two strains of C. cupreum and C. globosum have been found to inhibit
isolates of various plant pathogens (Soytong and Soytong, 1997). These
effective strains of Chaetomium have been formulated into bio-pellets and bio-
. powders for the biological control of plant diseases and have been patented and
registered under the name Ketomium®. Their efficacy against tomato wilt (F.
oxysporum f. sp. Iycopersici) and basal rot of corn (S. rolfsii) has been
successfully evaluated in laboratory and greenhouse tests (Soytong, 1992).
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This paper reviews the development of Ketomium®, its evaluation with
field trials, its patenting, biosafety testing and mechanisms of controlling
disease and increasing crop production.

Field Evaluations with Ketomium®

In order to patent the Chaetomium strains (named Ketomium®) as a
mycofungicide we carried out the following field evalutions on various crops
in order to test the activity of the mixed strains prepared as biopellets and
biopowders.

Tomato

Heavy reduction in tomato crop yields result from infection with
Fusarium in Thailand (Soytong, 1992). Fusarium-suppression tests and
pathogen suppression tests were carried out for tomato. In the Fusarium-
suppression tests soil that was already infected with Fusarium was used for
planting. The Ketomium® application was however applied to the soil two
months before the seedlings were planted in the plot. In the pathogen
suppression tests plants were grown in the Fusarium infected plots w1thout the
addition of Ketomium® and when disease symptoms appeared Ketomium® was
applied. No Ketomium® applications were made in the control while a further
trail -~ involved = the  application of the  chemical fungicide
Pentachloronitrobenzene (PCNB). These trails are described in detail by
Soytong and Soytong (1997).

Ketomium® in the form of biopellets and biopowders were applied to
Fusarium-infested soils where tomatoes were growing and it was found that
Ketomium® suppressed pathogen growth and thus disease symptoms. In
Fusarium-suppressive soils, it was shown that the tomato plants treated with
Ketomium® biopowder and the chemical fungicide PCNB completely
prevented damage by F. oxysporum f. sp. lycopersici. The disease incidence in
plants treated with biopellets (22%) was significantly lower than in the non-
treated plants (43%). Ketomium® in blopellet and biopowder form were as
effective in reducing infection rates in the tomato plants as treatment with
PCNB (Soytong and Soytong, 1997).

Maize

Basal rot of maize caused by Sclerotium rolfsii is a serious disease in
lowland fields in Thailand. Ketomium® was also effective in the control of
pathogens and disease suppression when applied to maize. There was a distinct
difference in disease incidence between the treated plants and the non-treated
controls. In the pathogen suppression test, disease incidence in the biopellet,
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biopowder and PCNB treated plants were 14.5, 15 and 16%, respectively.
These were significant improvements, compared with the 23.5% disease
incidence in the control. In the disease suppression tests, the same pattern was
observed: disease incidence percentages of 16, 15.75 and 15.25 for the
biopellet, biopowder and PCNB treated plants, respectively, compared with
25.55% in the control. It was shown that the mycofungicide, in both forms, was
equally as effective as the fungicide PCNB in our experiments (Soytong and
Soytong, 1997).

Tangerine

Integrated biological control of Phytophthora rot of Tangerine using
mycofungicide under commercial growing conditions was investigated in
Thailand for two years and the experiments were repeated four times.
Tangerine (Citrus reticulata) is an important economic crop in Thailand. The
major problem encountered in the citrus orchard is root and basal rots caused
by Phytophthora parasitica. The pathogen has invaded citrus planting areas
over the previous 30 years and the growers traditionally apply fungicides such
as metalaxyl and alleiate. In some cases the infected citrus trees have slowly
died over several years. Ketomium® has been applied to orchard soils infested
with P. parasitica and integrated with liming to adjusting soil pH and the
addition of organic compost every four months to prevent root and stem rot of
Citrus. Ketomium® treatments significantly reduced disease incidence by
47.25% when compared to the fungicide (metalaxyl). Incidentally, the
inoculum of P. parasmca in soil at a depth of 15 and 30 cm was significantly
lower with Ketomlum treatment than the non-treated soils. The pathogen
inoculum at the upper soil profile had a hlgher population than the lower soil
profile. It was also observed that Ketomium® treatment produced significantly
higher growth parameters in the Citrus plants than with chemical fungicide
treatments. Chaetomium treatments also gave significantly better fruit yields
(52.35 kg/plant) than the fungicide treatments (27.79 kg/plant) as shown in
(Fig. 1 and Tables'l, 2).

Table 1. Disease index and disease reduction of Phytophthora rot of cxtrus after applying
mycofungicide in the field.

Treatment Disease Index’ Disease reduction (%)
months 1 3 6 9 3 6 9
Chaetomium 6.71a° 3.05b 230b 1.85b 16.71 3541 47.25
Control 690a 340a 350a 390a - - -
'Disease index : 1 = no disease and 10 = severe disease.

*Average of four repeated experiments. Means with the same common letters in each column
are not significantly different.
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Fig. 1. Comparative study between before and after application of Ketomium® for plant disease
control. (Top = citrus tree before experiment; Bottom = citrus tree after experiment).

Table 2. Percentage colonization by Phyfophthora parasitica after applying mycofungicide in
the citrus orchard

Treatment Colonization (%)™
Soil depth 15 cm 30 cm

Mar  May  Jul Sep Nov Jan Mar May Jul Sep Nov Jan
Chaetomium 60a 40a 40a 37a 28a 20a 46a 42a 37a 38a 27a 2la
Control 58a 55b 57b 61b 83b 93b 43a 47a S5lb 55b  70b  75b

'Colonization (%) = number of colonized leaf discs with P. parasitica / total number of tested
leaf discs x 100.

*Average of four repeated experiments. Means with the same common letters in each column are
not significantly different.

Black Pepper

The application of Ketomium® in pellet form was conducted in soils
infested with P. palmivora in Chantaburi Province, Thailand to prevent root and
stem rots of Black Pepper (Piper nigram). The experiment was repeated four



Fig. 2. Comparative study between before and after application of Ketomium® for plant disease
control. (left = black pepper before experiment, right = black pepper after experiment).

Table 3. Population dynamics of Phytophthora inoculum and antagonistic fungi in rhizosphere
soil of Black Pepper.

Treatments  Propagules (cfu/soil g ) Colonization (%) "

Months 1 4 8 12 1 4 8 12
Chaetomium 2.7a" 2a L, I'78 dJ78.00 &) 7625 18 39
Metalayx| 31a 28b 22b 15a 78 87 66.50 46.75
Control 31a 3.6c 32c 3270230 93.50 100 79.75

'Colonization (%) = number of colonized leaf discs with P. palmivora / total number of tested

leaf discs % 100.
“Average of four repeated experiments. Means with the same common letters in each column
are not significantly different.

times. Ketomium® was applied at the rate of 20 g/plant and incorporated with
liming and organic compost at intervals of four months for one year. The
application of Ketomium® resulted in significant disease suppression with disease
incidence at 22.66%. Ketomium® treatment did not significantly reduce disease
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incidence when compared to metalaxyl treatment (disease incidence 21.88%.
Ketomium® and metalaxyl treated plots however, had significantly lower disease
incidence than the non-treated plots which had the highest disease incidence of
71%. Inoculum of P. palmivora in rthizosphere soil of Black Pepper was also
significantly lower following Ketomium® and metalaxyl treatments than in non-
treated soils. Thus, Ketomium® treatment gave significantly higher plants
(average of 208 cm), followed by metalaxyl treatment (177 cm) and non-

treatment (71 cm) (Fig. 2 and Tabiles 3, 4).

Table 4. Disease incidence and plant stands of Black Pepper after applying mycofungicide
comparison with Metalaxyl to control Phytophthora rot in the field.

Treatments Plant stands (cm) Disease incidence (%) '
Month 1 4 8 12 1 4 8 12
Chaetomium = 33.082> 75.3b  145.06b 208.12b 1.57a  4.70a "7.82a 10.94a
Metalaxyl 33.6la 75.1b  134.79b 177.82b 547b 15.63b 17.97b  21.88b
Control 33.9la 60.4a  71.49a 81.88a 6.25b  14.84b  31.25¢  71.63¢c

'Disease incidence (%) = number of infected plants/total number of tested plant (healthy and
infected) x 100.

*Average of four repeated experiments. Means with the same common letters in each column
are not significantly different.

Strawberry

Strawberry Crown Rot invaded the northern part of Thailand in the last
few vyears. Biological control of Strawberry Crown Rot caused by
Phytophthora cactorum using Ketomium® was evaluated in the infested soils
planted with Strawberry at Fang District, Chaingmai Province and Maesai
District, Chiangrai Province in Thailand during 1996 to 1997. Ketomium®
mycofungicide in pellet form was applied at the rate of 0.04 g/plant added to
soil media with 5 g of organic compost in plastic bags with seedlings of
Strawberry before transplanting to the field. Chemical fungicide treatments
served as a comparison. The percentage of dead plants and strawberry yield
were not significantly different with the application of Ketomium® or chemical
fungicides. The application of Ketomium® into the field-soil before planting
however, resulted in significantly lower percentages of dead plants than
Ketomium® treatments in plastic bags.

The population dynamics of antagonistic, plant pathogenic and saprobic
fungi in rhizosphere soils of Strawberry were also evaluated for competitive
growth in the treated and non-treated soils. It was found that the population of
antagonistic fungi, Chaetomium globosum, and C. cupreum was significantly
higher than that of the pathogen, Phytophthora cactorum, but this relationship
was not shown in all experiments. This indicates that some limiting factors are
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involved in biological control of plant diseases in the field, such as the ability
of antagonists to grow, soil pH, organic matter content, soil aeration, moisture
and chemical residues.

Durian :
Durian is a tropical fruit tree originating from Indonesia and Malaysia
and is now distributed in Thailand. The major problem encountered in Durian
orchards is the low quality of yields due to Phytophthora rot. Phytophthora
palmivora is one of the most economlcally important stem and root rot of
Durian. Our evaluation of Ketomium® have demonstrated that Ketomium® can
completely prevent stem and root rot of Durian seedlings grown in inoculated
soils in greenhouse tests. The metalaxyl chemical fungicide treated seedlings
had the highest disease prevalence while all the seedlings died in non-treated
control. The integrated biological control tests were carried out from 1994-
1996 in a Durian orchard in an area where the soil is infested with P.
palmivora and the disease seriously affects Durian trees. Integrated biological
control comprised good cultural practices, organic amendment, changes in soil
acidity and removal of disease plant parts. This integrated control strategy was
highly successful in controlling the disease in the field after anolication of
Ketomium® at four months intervals and all treated disease plants recovered
(Pechprome and Soytong, 1997).
Patenting and Registration of Ketomium®
Ketomium® a new broad spectrum mycofungicide (Int. ¢l. 5 AO 1 N
25/12, Thai Patent No. 6266, 20 years, date of issue - 22 February 1994: date
of expiration - 21 February 2014) is a biological product of Chaetomium
globosum strains Cgl, CG2, Cg3, Cg4, Cg5, Cg6, Cg7, Cg8, Cg9,Cgl0,Cgl1,
Cgl2 and Chaetomium cupreum strams Ccl, Cc2, Cc3, Cc4, Cc5, Cc6, Cc7,
Cc8, CC9 and Ccl0. Ketomium® was registered by the Department of
Agriculture, Ministry of Agriculture and Co-operatives (No. 458/2539, 2
September 1996) using C. cupreum as a mycofungicide for the control of plant
diseases, It has been also registered as a biological fertilizer for degrading
organic matter and for induction of plant immunity and growth stimulant in
Guangxi Province, China and distributed as a biological protection of plant
diseases.

Development of Ketomium® Formulations and their Shelf-Life
Formulations of mycofungicides have gradually developed since 1992,

and mycofungicides have now been formulated into both pellet and powder

preparations (Soytong and Soytong, 1997). The 22 strains of Chaetomium spp.
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are grown on potato dextrose agar for three weeks at room temperature (27-30
C). A spore suspension is then made and added to alginate mixture and
dropped through a pasture pipette into a solution of 0.1 M calcium gluconate.
The pellets are dried overnight before packaging. The pellets are ground to
make biopowder before packaging (Fig. 3).

Compatibility of the Chaetomium strains when mixed together was
initially tested and it was found that mixing did not effect activity, but had a
synergistic effect. The biopellet and biopowder preparations were formulated
and consist of a mixture of 22 effective strains of C. cupreum and C. globosum
(Soytong, 1994). Viable spore populations were determined by dilution plate
assays before pellet formation, 24 h after, and every two months for a period of
one year. During this period pellets were stored at room temperature (27-30 C)
- in screw-capped jars. To test viability, pellets were dissolved in water with a
mixture of 8 x 10> M KH,PO, for dilution plating assays. Viable spore
populations ofthe biopowder formulation was assessed in the same way. It was
found that following storage the viability of propagules decreased in both
formulations. There was a better survival rate in the biopellets (77%) compared
to that of the biopowder formulation (57%) following three years of storage.

Biosafety tests

Acute toxicity tests of Ketomium™ were carried out using the suspensions
of Chaetomium spp. which consisted of equal concentrations of C. cupreum
and C. globosum at the concentration 0f 9.9 x 107 spores/ml. A suspension was
formulated in alginate sodium and talcum in sterilized water. The test animals
were the Swiss-albino mice of both sexes weighing between 30-40 g. Mice
were allocated into six groups for each sex. Mice were orally administered by
gastric gavage with a Ketomium® suspension as a single bolus dose. Doses
administered were divided into three levels for three mice groups (5, 10, and 20
ml/kg body weight, corresponding to 4.95 x 10%, 9.9 x 10® and 1.98 x 10°
spores/kg body weight) and another three groups fed with corresponding
amounts of suspension without Ketomium®, served as control. After mice were
fed with Ketomium® or the controrl formulation, the animals were examined
for side effects hourly for 6 h in the first day and daily for another 7 d. Drug
response profiles were recorded in a standardized worksheet of Nodine and
Siegler (1964) where applicable. Observation was made for screening effects
on the central nervous system and signs of intoxication. Drug response profiles
were grouped as effects on the awareness, mood, CNS excitation, motor
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Fig. 3. Formulation of Ketomium® mycofungicide and finished product for plant disease
control (left = pellet formation process, right = commercial product).

coordination, muscle tone, reflexes, autonomic signs and death. Special
attention was also paid to signs of gastrointestinal disturbance, possibly due to
large amount of fungal spores being fed. The number of animals that died in a
7 d period after a single dose was tabulated. In addition to mortality, weight
and daily examination for signs of intoxication, lethalogy and behavioral
modification were conducted. Mice were housed with four animals per cage in
the animal facility of Faculty of Medicine, Khonkaen University. After the
observation period, animals were sacrified and gross examination of internal
organs were made and major organs were weighed.

Acute toxicity tests for Ketomium® were evaluated for bio-safety in
experimental animals. It should be noted that this acute toxicity study does not
ensure safety resulting from chronic exposure to spore formulations and
toxicity with regard to some organ systems such as skin, lung and allergy or
mutagenesis and carcinogenesis.

The values of mean lethal dose (LD°®) could not be obtained in this
study, since there was no death resulting in experimental animals fed with the
highest possible dose. It was concluded that Ketomium® shows no apparent
signs of acute toxicity in experimental mice for both sexes at doses of up to

1.98 x 10°and 2 x 10’ spores/ kg body weight.
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How Ketomium~ works
Ketomium® contains 22 strains of C. globosum and C. cupreum in the
form of a spore power or pellets. Chaetomium species are strictly saprobic
fungi belonging to the ascomycetes and are lignocellulose degraders (Arx et
al., 1986). Specific strains of Chaetomium have been shown to stimulate plant
growth and produce better crop yields both in the greenhouse and field,
following their application as biological products (Chang and Kommedahl,
1968; Soytong and Quimio, 1989; Soytong, 1989; Soytong, 1992a; Soytong,
1992b; Pechprome and Soytong, 1997).

®

Control mechanisms

The mechanism of plant disease control involving specific strains of C.
globosum and C. cupreum involves the production of antibiotics, e.g. C.
globosum produces Chaetoblobosin C (Fig. 4) which suppresses the growth of
plant pathogens such as Colletotrichum gloeosporioides, C. dematium,
Fusarium oxysporum, Phytophthora parasitica, P. palmivora, P. cactorum,

Fig. 4. Structure of Chaetoglobosin C produced from Chaefomium globosum.

Pyricularia oryzae, Rhizoctonia solani and Sclerotium rolfsii (Soytong and
Quimio, 1989; Soytong, 1992b, Soytong and Soytong, 1997; Pechprome and
Soytong, 1997).

Plant growth stimulant

It has been shown that in greenhouse and field trials, that Tomato, Corn,
Rice, Pepper, Citrus, Durian, Bird’s of paradise and Carnation plants treated
with Ketomium®, have a greater plant growth and higher yields than non-
treated plants. This implies that the mechanism of action for stimulating plant
growth is probably confined to our specific strain of Chaetomium. It has been
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found that some strains of Chaetomium produce substancial amounts of
ergosterol (Fig. 5). This substance can help to improve the humus layer in soils
which in tums leads to higher soil fertility.

HO

Fig. 5. Structure of ergesterol produced from Chaetomium globosum.

Induction of resistance in plants

It has been found that the Chaetoglobosin C produced by our strains of C.
globosum act as alien substances which induce a localised and sub-systemic
oxidative burst (OXB) in tested plants e.g. Carrot, Potato, Sweet potato,
Tomato and Tobacco. This possibly acts as an induction of plant immunity for
disease resistance. OXB in plants can be characterized by rapid generation of
active oxygen species (AOS) immediately after exposure to certain stresses.
The active oxygen species play an important role in initiating signals for the
response of various plant stresses (Doke, 1997). The OXB has been postulated
to be an alarm signal in plant tissues against invasion by aggressive
. microorganisms and it seems to act as an emergency signal for responses
against attack by alien substances, and may be related to resistance or
protection against plant pathogens (Doke e al., 1991).
Limitations of Ketomium®, concluding remarks and future studies

The effectiveness of Ketomium® in plant disease control, especially soil-
borne pathogens, integrated with other control measures such as cultural
practices, e.g. sanitation, improving water drainage, pruning, removal of
disease plant parts, adding organic compost and liming was investigated. These
integrated control mearures completely prevented damage by various
pathogens in the infested fields. The curative effects of the Ketomium® when
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applied to the infected plants, combined with the manipulation of the soil
environment has been surprisingly successful. Implementation of integrated
biological control of plant pathogens should be used to obtain disease control
and reduce economic damage and compared with the use of chemical
fungicides. The potential exists to use biological techniques to modify the
infested soil environment to disfavor the pathogen and increase the resistance
of plants.

Our observations indicate that Chaetomium globosum and C. cupreum
can adapt to harsh microclimate conditions in infested soils when applied as
Ketomium® formulations. Chaetomium spp. have the ability to survive during
dry periods and to colonize the organic substrates rapidly in the soils. Most of
data on Chaetomium spp. have resulted from laboratory and greenhouse
studies. Our studies were conducted in the field for more than four years, with
the application of Ketomium® as a broad-spectrum mycofungicide. It has been
shown that this biological product can be applied to the field-soils infested with
the test pathogens. However, futher field trials and observations need to be
carried out in order to establish a better integrated approach in using
Ketomium®.

This report has shown that Ketomium® is effective and demonstrates the
usefulness of an integrated approach in disease control. It discusses some
limitating factors involved in biological control of plant diseases in the field
such as the ability of the antagonists to grow in the field, and the effects of soil
pH, content of organic matter, soil aeration, moisture and chemical residue in
the soil. In different soils however, the ecology and climate may possibly result
in no or poor biological control. Thus, we need to establish the biological
diversity of soil microorganisms, the ecology of microbial antagonists, and the
effects of chemical residues in the soil. The above experiments should also be
continued in the same infested field-soils to establish whether biological
control of plant pathogens can serve as long-term protection.

The expression of antagonistic activity, implying antiobiosis, is
consistent with the findings of some investigators where antibiotic substances,
e.g. chetomin, sterigmatocystin, chaetomin (Udagawa et al., 1979; Sekita et al.,
1981) are released by some isolates of Chaetomium spp. such as C. globosum
(Arx et al., 1986). Screening for antagonism should not be limited to species,
but should consider specific strains within species because these can differ in
antagonistic activity (Soytong, 1992a). Several strains of C. globosum have
been shown to produce Chaetoglobosin C which plays a role in antibiosis.
These strains produce antibiotic substances which induce local and sub-
systemic oxidative bursts (OXB) for signaling induction of disease resistance
or immunity in plants such tomato, potato, cucumber, carrot and sweet potato.

13



Acknowledgements

We would like to thank N. Doke, Plant Pathology Laboratory, Department of Biological
Resources and Environmental Sciences, Graduate School of Bioagricultural Sciences, Nagoya
University, Nagoya, Japan for supporting the oxidative burst test. The research project had
been fully supported from the International Foundation for Science (IFS) Sweden from 1989 to
1997 and partly supported by Third World Academy of Science (TWAS), Italy and National
Research Council of Thailand. We would like to thank K.D. Hyde for his critical comments on
the manuscript.

References

Arx, J.A. von, Guarro, J. and Figuera, M.J. (1986). The Ascomycete genus Chaetomium.
Beihefte zur Nova Hedwigia 84: 1-162.

Boudreau, M.A. and Andrews, J.H. (1987). Factors influencing antagonism of Chaetomium
globosum to Venturia inequalis: a case study in failed biocontrol. Phytopathology 77:
1470-1475.

Chang, 1. and Kommedahl, T. (1968). Biological control of seedlings of corn by coating
kernels with antagonistic microorganisms. Phytopathology 77: 1470.

Cullen, D., Berbeem, F.M. and Andrews, J.H. (1984). Chaetomium globosum antagonizes the
apple scab pathogen, Venturia inequalis, under field conditions. Canadian Journal of
Botany 62: 1814-1818.

Cullen, D., and Andrews, J.H. (1984). Evidence for the role of antibiosis in the antagonism of
Chaetomium globosum to the apple scab pathogen, Venturia inequalis. Canadian
Journal of Botany 62:1819-1823.

Di Pietro, A., Kung, R., Gutrella, M. and Schwinn, F.J. (1991). Parameters influencing the
efficacy of Chaetomium globosum in controlling Pythium ultimum damping-off of
sugar-beet. Journal of Plant Disease and Protection 98: 565-373.

Doke, N. (1997). Oxidative burst: Roles in signal transduction and plant stress. In: Oxidative
Stress and the Molecular Biology of Antioxidant Defenses Cold Spring Harbor
Laboratory Press.

Doke, N., Miura, Y., Chai, H.B. and Kawakita, K. (1991). Involement of active oxygens
induction of plant defense response against infection and injury. In: Active
oxygen/oxidative stress and plant metabolism (eds E.J. Pell and K.L. Teffen). American
Society of Plant Physiology, Rockville, MD: 84-96.

Heye, C.C. and Andrews, J.H. (1983). Antagonism of Athelia bombacina and Chaetomium
globosum to the apple scab pathogen, Venturia inequalis. Phytopathology 73: 650-654.

Kohl, J.W., Molhoek, H.L., van der Plas, C.H. and Fokkema, H.J. (1995). Effect of Ulocladium
atrum and other antagonists on sporulation of Bofrytis cinerea on dead lily leaves
exposed to field condition. Phytopathology 85: 393-400.

Kommedahl, T., Windels, C.E., Sarbini, G. and Wiley, H.B. (1981). Variability of performance
of biological control and fungicidal seed treatments in corn, peas and soybean.
Proceedings in Ecology 3: 5.

Manandhar, J.B., Thapliyal, N., Cavanaugh K.J. and Sinclair, J.B. (1986). Interaction between
pathogenic and saprobic fungi isolated from soybean roots and seeds. Mycopathologia
98: 69-75.

14




Fungal Diversity

Nodine, J.H., and Siegler, P.E. (1964). Animal and Clinical Pharmacologic Techniques in Drug
Evaluation. Year Book Medical Publication Incorporated, Chicago, USA.

Pechprome, S. and Soytong, K. (1997). Integrated biological control of Durian stem and root
rot caused by Phytophthora palmivora. Proceedings of the First Internatonal
Symposium on Biopesticides: 228-233.

Sekita, K. Yoshihara, S., Natori, S., Udagawa, S., Muroi, T., Sugiyama, Y., Hurata, H. and
Umeda, M. (1981). Mycotoxin production by Chaetomium spp. and related fungi.
Canadian Journal of Microbiology 27: 716-722.

Soytong, K. (1989). Antagonism of Chaetomium cupreum to Pyricularia oryzae: a case study
to biocontrol of a rice blast disease. Thai Phytopathology 9: 28-33.

Soytong, K. (1990). A taxonomic study of Chaetomium spp. in Thailand. Absracts, 4th
Internatinal Mycological Congress, Regensburg, Germany, August 28 - September 3,
1990.

Soytong, K. (1991). Species of Chaetomium in Thailand and screening for their biocontrol
properties against plant pathogens. Abstract.The 12th International Plant Protection
Congress, Rio de Janeiro, Brazil.

Soytong, K. (1992a). Antagonism of Chaetomium cupreum to Pyricularia oryzae. Journal of
Plant Protection in the Tropics 9: 17-24.

Soytong, K. (1992b). Biological control of tomato wilt caused by Fusarium oxysporum f. sp.
lycopersici using Chaetomium cupreum. Kasetsart Journal (Natural Science) 26: 310-
313.

Soytong, K. (1994). Development of Chaetomium cupreum as a soil mycofungicide for
controlling tomato wilt. Abstract, 5th International Mycological Congress. August 14-
21. Vancouver, British Columbia. Canada.

Soytong, K. and Quimio, T.H. (1989). Antagonism of Chaetomium globosum to the rice blast
pathogen, Pyricularia oryzae. Kasetsart Journal (Natural Science) 23: 198-203.
Soytong, Kasem and Soytong, Kobboon. (1997). Chaetomium as a new broad spectrum
mycofungicide. Proceedings of the 1% Internatonal Symposium on Biopesticides: 124-

132.

Tveit, M. and Moore, M.B. (1954). Isolates of Chaetomium that protect oats from
Helminthosporium victoriae. Phytopathology 44: 686-689.

Udagawa, S., Muroi, T., Kurata, H., Sekita, S., Yoshihira, K., Natori, S. and Umeda, M.
(1979). The production of Chaetoglobosins, sterigmatocystin, O-methylsterigmatocystin
and Chaetocin by Chaetomium spp. and related fungi. Canadian Journal of
Microbiology 25: 170-177.

Vannacci, G. and Harman, G.E. (1987). Biocontrol of seed-borne Alternaria raphani and A.
brassicicola . Canadian Journal of Microbiology 33: 850-856.

Wather, D. and Gindrat, D. (1988). Biological control of damping-off of sugarbeet and cotton
with Chaetomium globosum or a fluorescent Pseudomonas sp. Canadian Journal of
Microbiology 34: 631-637.

(Received 20 October 2000, accepted 10 April 2001)



JOURNAL OF MASS SPECTROMETRY
J. Mass Spectrom. 35, 14381451 (2000)

Elucidation of high micro-heterogeneity of an
acidic—neutral trichotoxin mixture from
Trichoderma harzianum by electrospray
ionization quadrupole time-of-flight mass

spectrometry
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The high micro-heterogeneity of an acidic-neutral trichotoxin mixture from 7. harzianum, PCO1, was eluci-
dated using a modern tandem mass spectrometer equipped with an electrospray ionization source, a hybrid
gquadrupole—orthogonal accelerator and a reflectron time-of-flight analyzer. The trichotoxins appeared pre-
dominantly in six possible doubly charged pseudo molecular ions with three different adducts (H, Na and K)
as [M+ 2H]**, [M + H 4+ NaJ**, (M + H 4 K]**, [M + 2Na]**, [M + Na+ KI** and [M + 2K]**. The singly
charged pseudomolecular ions, [M + H]*, [M + Na]* and (M + K]*, occurred only in low abundance when the
cone voltages were higher than 30 V. Additional singly charged fragments, b;, and y”’6 (complementary N - and
C-terminal fragments), were obtained in high abundance using high cone voltages. The peak patterns of both
singly and doubly charged molecular adducts revealed that this trichotoxin mixture contained several compo-
nents having 6—7 molecular masses with a consecutive 14 u difference among members in the same molecular
adduct series. Furthermore, well resolved isotopic peaks of every doubly or singly charged ions and their repro-
ducible peak intensity allowed the identification of the mixing of acidic trichotoxins 1 u molecular mass heavier
than the neutral counterpaits in the sample. Tandein mass spectrcmetric (MS/MS) analyses of various singly
charged by, and y”6 ions supported the sequence deduction of the major and minor components and also the
position of Glu in the sequences of thise acidic molecules. The setting of either low or high resolution of the
quadrupole mass filter unit together with o suitable variation of the collision voltage for any MS/MS precursor
were the tools for extracting a number of mixed components and obtaining the major and minor sequences of
these precursor peaks. The nature of the MS/MS fragmentation and the data assignment of three major doubly
charged ions, [M 4 2HP*, [M + K 4+ H]** and [M + 2K]**, are demonstrated. Eleven new sequences of both
acidic and neutral trichotoxins are reported. Copyright © 2000 John Wiley & Sons, Ltd.

KEYWORDS: trichotoxins: micro-heterogeneity: Trichoderma harzianum; electrospray quadrupole time-of-flight tandem

mass spectrometry: peptaibol

INTRODUCTION

Trichotoxins are a group of biologically active pep-
tide analogs of 18 residues first separated from Tricho-
derma viride NRRL5242.'=3 Their structures belong to a
class of peptide analogs named peptaibols. Trichotoxin
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Copyright © 2000 John Wiley & Sons, Ltd.

peptaibol has a special structure of 8—10 residues of .
a non-proteinous amino acid, namely o-aminoisobutyric
acid (2-methylalanine, Aib), one or none of the isova-
line (2-ethylalanine, Iva), and an N-acetylated terminus
with a C-terminal amino alcohol, valinol (Vol), in the
chain. Irmscher e al. have classified trichotoxins from
T. viride NRRL5242 into two groups.* Briickner and co-
workers separated them into neutral trichotoxins!* (or
trichotoxin A-50) and acidic trichotoxins? (or trichotoxin
A-40). They found that the change of Gln'’ to Glu"
defined the molecule to be a neutral or acidic trichotoxin.
Only three trichotoxin A-40s were isolated and sequenced
by field desorption mass spectrometry (FD-MS)? from its
acidic mixture showing nine peaks in high-performance
liquid chromatography (HPLC) while 14 molecules were
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identified by FD- and fast atom bombardment (FAB)
MS!3 in the neutral trichotoxin A-50 fraction showing
10 peaks in HPLC. Three more sequences of trichotoxin
A-40 determined by LCl/electrospray ionization (ESI) MS
in positive and negative modes were reported from the
same source of sample.’ Among the known peptaibols,
trichotoxins seem to have the most micro-heterogeneity
in their amino acid sequence.

We became interested in mycelial extracts of T. harzi-
anum strain PCO1 because its peptide extract behaved as a
potent biological control agent. The peptides could inhibit
mycelial growth and sporangial production of P. palmivora
with EDsj values of 2.2 and 0.45 mg ml™! respectively.
The same peptide mixture was also effective for promot-
ing plant growth to Chinese cabbage, kale and mungbean.
The details of these biological aspects will be reported
elsewhere by Soytong and Kanokmedhakul. However, we
needed to elucidate the structures of this peptide mixture
after establishing its activity. For the agricultural use of
peptaibols having high micro-heterogeneity, it is impracti-
cal to make the analysis from each purified peptide ana-
log. Furthermore, structural identification needs a new,
effective analytical technique that can reduce time- and
labor-consuming steps of isolation and purification with-
out the loss of minor constituents. [onic separation was
avoided because some of the trichotoxins would disappear
during the separation process owing to the nature of tri-
chotoxins. We report here the use of an ESI quadrupole
time-of-flight (QTOF) mass spectrometer in both MS and
MS/MS modes as a competent analysis technique for solv-

ing such high micro-heterogeneity of an acidic and neu- .

tra] trichotoxin mixture isolated from 7. harzianum PC-01.
Many of the trichotoxins elucidated in this study are the
same as those found previously in 7. viride NRRL5242 but
11 new sequences of both types are additionally specified
from T. harzianum PCO1.

EXPERIMENTAL

Sample of trichotoxins

The fungus Trichoderma harzianum PCO1 was cultivated
in a potato dextrose broth at 30°C for 4 weeks. The
mycelia were collected by filtration, air-dried (to give
704 g), ground into powder and then extracted succes-
sively with hexane, EtOAc and MeOH. From the last
sxtract, methanol was evaporated in vacuo to give a
residue (81.4 g), which was dissolved in a small amount of
methanol and partitioned between water and ethyl acetate.
The organic layer was separated, dried (Na;SO,), then
>oncentrated to give a white solid that was collected by
filtration and crystallized from methanol to obtain white
1eedles (1.87 g). The filtrate was evaporated to dryness,
separated on a silica gel column and eluted gradually
vith a mixture of increasing concentration of MeOH
n CH,Cl,. The fraction obtained using MeOH-CH,Cl,
8:10) afforded 0.79 g of white needles. The sample
»btained was recrystallized from methanol to give white

1eedles (m.p. 229-231°C) before being used for mass

spectrometric and bioactivity studies.
The solid sample was dissolved in methanol to give
1 stock solution and it was subscquently diluted to

~opyright © 2000 John Wiley & Sons, Ltd.

10 ng pl™" in methanol containing 0.2% formic acid just
before being electrosprayed.

Mass spectrometry

All experiments were performed on a QTOF mass spec-
trometer (Micromass, Manchester, UK) equipped with a
conventional ESI source. The QTOF combines a quadru-
pole unit (Q) with a reflectron time-of-flight (TOF) ana-
lyzer in the orthogonal direction. A hexagonal collision
chamber and a pusher are located in the connection line
between these two units. The reflectron TOF analyzer gave
goud mass resolution (5000 fuil width at half-maximum
height (FWHM)) covering the maximum mass range used
in this study. The sampling rate was 1 s per scan in both
MS and MS/MS modes. Data were acquired and processed
using MassLynx version 2.9. All éxperiments in this study
were run only in the positive ion mode.

In the MS operation mode, ions were transported from
the ESI source via the radiofrequency (r.f.) hexapole to
the quadrupole unit operating in the r.f. mode only as a
wide-bandpass mass filter. However, in the MS/MS mode
the quadrupole was operated in the r.f./d.c. (direct current)
mode as a narrow-bandpass filter. Most of the experiments
were run at a low resolution setting (resolving quadrupole
d.c. at 10.0/10.0, typically allowing isotopic peaks in the
4.5 u range to pass). Some experiments were performed
at a high resolution setting (resolving quadrupole d.c. at
15.0/15.0, allowing isotopic peaks in the 1.5 u range to
pass).

The sample solution was infused from a syringe pump
at a flow-rate of 5 pl min~'. The source temperature was
60°C. The ESI probe (needle) voltage was 3.3 kV. The
sample cone voltage was optimized (20-80 V) according
to the analysis purpcses and sample peaks. The ESI drying
and nebulizing gases were nitrogen and the collision gas
for MS/MS measurements was argon. The collision energy
was varied between 8 and 70 V depending on the sample
peaks or generating precursor ions for the analyses in the
MS/MS mode.

External calibration was done in the MS/MS mode
using human (Glu') fibrinopeptide B (F3261, Sigma) as
a standard. Its [M 4 2H]J?** ion at m/z 785.8 was used as
the precursor ion and the mass scale was calibrated by the
product peaks between m/z 72.8 and 1285.54.

NMR spectroscopy

NMR spectra were measured in CDCls or in DMSO-dg for
'H NMR, '*C NMR 'H-'H-COSY, HOHAHA. HMBC
and HSQC with a Bruker Model AMX-600 instrument at
315 K.

RESULTS AND DISCUSSION

Molecular mass determination and indicators of a
mixed acidic—neutral sample

The peptaibol mixture from the crystalline sample was

analyzed using the ESI-QTOF systeni under various sdam- =~~~

ple cone voltages (20—50 V) in the MS mode to recog-
nize its fragmentation nature. Three ESI mass spectra, at

J. Mass Spectrom. 35, 1438-1451 (2000)
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Figure 1. ES! mass spectra of mixed trichotoxins from T. harzianum analyzad under different cone voltages. The sample cone voltages

were 20, 35 and 45 V in (a), (b) and (c), respectively.

cone voltages 20, 35 and 45 V, are compared in Fig. 1.
This sample occurs predominantly as doubly charged ions
appearing around m/z 845-925 and at very low abun-
dance as triply charged ions around m/z 576-615 at a
low cone voltage [20 V, Fig. l(a)]. With higher cone
voltages (35 and 45 V) many peaks of Singly charged
ions appear around m/z 1675-1820, 10601115, 612 and
626 with increasing abundance, while the abundances
of the doubly and triply charged groups were reduced
[Fig. 1(b) and (c)]. These in-source fragmenta'ion spec-
tra at cone voltages higher than 30 V suggest that the
product peaks (i.e. m/z 613, 626, 1007, 1064, 1078, 1092
and 1106) can confirm the peaks around m/z 1675-1810
to be [M + X]* of various molecular species. The singly
and doubly charged ion clusters around m/z 1675-1810
and 845-925 are expanded in Figs 2 and 3, respectively.
The TOF analyzer resolved isotopic peaks ([A], [A+ 1]
[A + 2). [A + 3] and [A + 4]) in each cluster of molecular
mass as high as 2500. The patterns of their m/z and iso-
topic abundance ratios indicated assignments as follows.

(a) Three series of pseudomolecular ions, [M + H]*.
[M + Na]* and [M + K], are expanded in Fig. 2. Each
series consists of six or seven groups of peaks as indi-
cated by their monoisotopic masses given in Fig. 2. In
addition. each series has consecutive m/z difference of
14 u. The monoisotopic [A] peaks of the [M + K]™ series
overlap with the [A + 2] isotopic peaks of the [M + Na]*
ions of the 14 u higher molecular masses. As a conse-
quence. the intensities of those overlapping peaks, e.g. m/z
1728-1729—1730-1731, are much higher than the theo-
retical height of the [A + 2], [A + 3] and [A + 4] peaks
of [M + Nal™ m/z 1726 alone.

Copyright © 2000 John Wiley & Sons, Ltd.
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The theoretical isotopic distribution of the peaks, [A]:
[A+1]:[A+2):[A+3] : [A+4], of pure compound
with formulae C78H|36N2002| —C8|H]42N2002] are appro
ximately 100:100:53:20:6. In fact, t.2 intensities of|
the [A + 1] and [A + 2] peaks of tne two series, m/J
1691-1705-1719-1733 ‘and m/z 1713-1727-1741—
175417681783, respectively, for [M + H]* and [M
Na]* are clearly higher than their theoretical intensitie
of any pure molecular mass between 1700 and 1800 u
t-urthermore, in the first four species of the [M + H]*
seiies, thei* [A + 31 and [A + 4] peaks are also clearl
higner than tue theoreiical heignts. These data indicate th
presenc - of additionai mi.or components having molec
ular masses | u heavicr, as stated earlier. We shall giv
mor.. details later with the evidence that this is due to
micro-heterogeneity, e.g., Glu in place of Gln.

(b) Six complicated series of doubly charged ions, a
ml- 845-925, are illustrated in Fig. 3. It is fairly con
ceivable from earlier assignments of the three pseudo
molecular ion series occurring in Fig. 2. These six serie
are [M + 2H]?*, [M + H + NaJ**, [M + H + KJ**, [M
2Na)?*, [M + Na + KJ?* and [M + 2K]** as labeled a, b
¢, d, e and f, respectively. The theoretical monoisotopi
molecular masses of the expected trichotoxins are sum
marized in Table 1 to confirm the assignments of thes
peaks in Fig. 3. In each doubly charged series, 7 u dif:
ferences appear between each consecutive monoisotopi
mass. This is still in agreement with the 14 u differ
ence of singly charged molecular species. In addition t
the major [M + 2HJ** series (a), two other major serie
of [M + H + KJ?* (c) and [M + 2KJ** (f) also occurred
The [M + Na + K|2* (e), [M + H + Na]** (b) and [M

J. Mass Spectrom. 35, 14381451 (2000
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‘igure 2. An expzasion of the TSI mass spectrum ot the trichotoxin mixture showing singly charged quasimolecular adducts of H™,
Na* and K* arou~3 m/z 1670-1810 under a cone voltage of 48 V. Syrbels *, # ard $ represent isotopic peaks in the series of [M + H]*,
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igure 3. An expa~sion of the ESI mass spectrum of the trichotoxin mixture showing only the doubly charged ion region analyzed
nder a cone voltage of 30 V. The labeling on each isotopic peak indicates the forms of ions: a = [M + 2H]?*, b = [M + H + NaJ**,
=[M+H+KJ]*, d=[M+2Naj]**, e = [M + Na + K]** and f = [M + 2K]?*. The major series are a, ¢ and f, and b, d and e are the minor

eries.

Na)?* (d) series occurred as minor constituents. Simi-
ir to the cases of singly charged molecular adducts, the
itensity ratios of the isotopic peaks in Fig. 3, e.g. in
1e [M + 2H)?** series, the [A + 1], [A + 2], [A + 3] and
A + 4] peaks are all higher than the theoretical heights

opyright © 2000 John Wiley & Sons, Ltd.

for their corresponding [A] peaks. This pattern was also
found with the other five series. Interestingly, both spec-
tra in Figs 2 and 3 show variations in the components
contributing to the 1 u higher masses in each species of
the same series. Consequently, the isotopic distribution

J. Mass Spectrom. 35, 1438-1451 (2000)
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Figure 5. Demonstration of the complete ESI tandem mass spectra of some of the shorter sequence-specific fragments generated t
be singly protonated precursor ions by in-source fragmentation at different high cone voltages. (a) Precursor ions 482, (b) precurso

ions 695 and (c) precursor ions 780.
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Figure 6. ESl-tandem mass spectra of the four singly protonated y; (C-terminal) fragments into a b ion series. (a) The yg fragments 61
A\

and 613; (b) the yg fragments 626 and 627.

Presence of acidic and neutral trichotoxins

Separation of mixed trichotoxins produced by T. viride
into acidic and neutral components was previously per-
formed by HPLC on LiChrosorb RP-8* or by counter-

current distribution.! 3 Known neutral trichotoxins hav
two Gin residues, GIn® and Gln,!” in their chains, whil

Copyright © 2000 John Wiley & Sons, Lid.
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the acidic trichotoxins have been reported with Gln
(residual mass = 128.06) and Glu'? (residual mass

129.04). Our isolation steps used elution from a silica ge
column and recrystallization from MeOH, and this process
allowed the co-crystallization of the components contain-
ing Glu and GIn and also others having minor sequence
heterogeneity.

J. Mass Spectrom. 35, 1438-1451 (2000)
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Table 3. Major and minor sequences of neutral and acidic trichotoxins four:d in Trichoderma harzianum PC01

Sequence
M 1 2 3 4 5 6 7 8 9 10 1M 12 13 14 15 16 17 18 Known name?
1675A Ac-Aib-Gly-Aib-Leu-Aib-Gin-Aib-Aib-Ala~Ala—-Ala-Aib—Pro-Leu-Aib-Aib-GlIn-Vol {TsD2)
1689A Ac-Aib-Gly-Aib-Leu-Aib-GIn-Aib—Aib-Aib-Ala-Ala-Aib-Pro-Leu-Aib-Aib-GIln-Vo! (TSE)
16839B Ac~-Aib-Ala-Aib-Leu-Aib-Gln-Aib-Aib-Gly-Ala-Aib-Aib-Pro-Leu-Aib-Aib-GlIn-Vol {New)
1689C Ac-Aib-Gly~Aib-Leu-Aib-GIin-Aib-Aib-Ala-Ala-Ala-Alb-Pro-Leu-Aib-lva-GIn-Vo! (TSF)
1689D Ac-Aib-Gly-Aib-Leu-Ala-Gin-Aib-Aib-Ala—Ala-Aib-Aib-Pro-Leu-Aib-Ilva-Gln-Vol New
1690E Ac-Aib-Gly-~Aib-Leu-Aib-Gin-Aib-Aib-Aib-Ala-Ala-Aib—Pro-Leu-Aib-Aib-Glu-Vol Known
1690F Ac—-Aib-Ala-Aib-Leu-Aib-GIn-Aib-Aib-Gly-Ala-Aib-Aib—Pro-Leu-Aib-Aib-Glu-Vol New
1703A Ac—~Aib~Gly-Aib-Leu-Aib-Gln~-Aib-Aib—Aib-Ala-Ala-Aib-Pro-Leu—Aib-iva—-GIn-Vol (T5G)
1703B Ac—Aib-Ala—-Aib-Leu-Aib-Gln-Aib-Aib-Gly-Ala-Aib-Aib—Pro-Leu-Aib-iva-Gln-Vol New
1703C Ac-Aib-Gly-Aib-Leu-Aib-Gin-Aib-Aib-Aib-Ala-Aib-Aib—Pro~Leu-Aib-Aib-GIn-Vol New
1703D Ac~Aib-Ala-Aib-Leu-Aib-Gin-Aib-Aib-Aib-Ala-Ala-Aib-Pro-Leu-Aib-Aib-GIn-Vol New
1704E Ac-Aib~-Gly-Aib-Leu-Aib-GIn-Aib-Aib-Aib-ala-Ala-Aib-Pro-Leu-Aib-Ilva-Giu-Vol New
1704F Ac-Aib-Ala-Aib-Leu-Aib-GIn-Aib-Aib-Gly-Ala-Aib-Aib-Pro-Leu-Aib-lva-Glu-Vol New
1704G Ac-Aib-Gly—-Aib-Leu-Aib-Gln-Aib-Aib-Aib-Ala-Aib-Aib-Pro-Leu~Aib-Aib-Glu~Vol Known
1704H Ac-Aib-Ala-Aib-Leu-Aib-GIin-Aib-Aib-Aib-Ala-Ala-Aib-Pro-Leu-Aib-Aib-Giu-Vol New
1717A Ac-Aib-Gly~Aib-Leu-Aib-Gln-Aib-Aib-Aib-Ala-Aib-Aib—Pro-Leu~Aib-Iva-Gln-Vol (Tsl)
17178 Ac-Aib-Ala-Aib-Leu-Aib-Gin-Aib-Aib-Aib-Ala-Ala~-Aib-Pro-Leu-Aib-lva-Gln-Vol (T5H)
1717C Ac-Aib-Ala-Aib-Leu-Aib-Gin-Aib-Aib-Aib-Ala-Aib-Aib-Pro-Leu-Aib—Aib-Gin-Vol Wew
1718E Ac-Aib-Gly-Aib-Leu-Aib-Gin-Aib-Aib-Aib-Ala-Aib-Aib-Pro-Leu-Aib-Ilva-Glu-Vol Known
1718F Ac-Aib-Ala-Aib-Leu-Aib~Gin-Aib~Aib-Aib-Ala-Ala—-Aib-Pro-Leu-Aib-lva-Glu-Vol New
1718G Ac—Aib-Ala-Aib-Leu-Aib—GlIn-Aib-Aib-Aib-Ala-Aib-Aib—Pro-Leu-Aib-Aib-Glu-Vol Known
1731A Ac-Aib-Ala-Aib-Leu-Aib-Gin~-Aib-Aib-Aib—-Ala—-Aib-Aib—Pro-Leu-Aib-lva-Gin-Vol (T5J)
* T5D2-T5J were identified from Ref. 1 and the known ones from Refs 3 and 5.
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Figure 7.Expanswn of fragmentation of the y; fragments (Fig. 6) to demonstrate the peak intensity indicator of the mixed fragments
between (a) the acidic C-terminal fragment 613 W|th the neutral one tragment Gi2 and (b) the acidic C-terminal fragment 627 with the

neutral fragment 626.

-
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Consequently, the spurious isotopic peak ratios. [A]:
[A + 11:[A + 2] discussed earlier from the data in Figs 2
and 3 well supported the presence of one Glu residue (at
either position 6 or 17) in the whole sequence of tri-
chotoxins -and in lesser amount than their corresponding
neutral molecules. Additional evidence from the tandem
mass spectra of the y¢ fragments in Fig. 6(a) and (b)
clearly confirmed the existence of Glu!? (1690E, 1690F,
1704E, 1704F, 1704G, 1704H, 1718E, 1718F and 1718G
in Table 3). The expansion of the spectra in Fig. 6(a)
and (b) displayed in Fig. 7 allows the observation of an
important feature, the significantly higher than calculated
intensity of the isotopic peaks [A 4 1] over the inten-
sity of its monoisotopic [A] peaks in these pairs of ions:
mfz 612-613 (bg), 594-595 (b — 18), 509-510 (bs)
and 491-492 (bs — 18) in Fig. 7(a) and m/z 626-627
(bg), 608—609 (b — 18), 523-524 (bs) and 505-506
(bs — 18) in Fig. 7(b). When the fragments carried only
one possible mass (381 or 395), the ratios of the peaks
[AJ:[A + 1] were within the calculated values. These data
can be explained as follows: intensity of the m/z 613
peak in this case was actually a result of the contribu-
tion from the intensities of both the [A + 1] peak of Gln
containing an m/z 612 fragment and the [A] peak of the
Glu containing an m/z 613 fragment. Hence the sequential
assignment of the two acidic C-terminal fragments at m/z
627 and 613 were added to Table 2. However, the speci-
fied sequences of the found acidic trichotoxins reported in
our work (Table 3) were basically deduced from the data
for [M + 2H]J?* ions presented in the next section plus the
knowledge based on the just mentioned data.

It is now possible to deduce that the intensity of th
peaks [A + 1] and {A + 2] of neutral trichotoxins (se
Figs 2 and 3) were also contributed by the peaks ¢
[A] and [A + 1] of acidic trichotoxins, respectively. Th
amount of acidic trichotoxins series in the peaks at my
1719.0-1719.9 (Fig. 2) of the [M + H]* was more than i
the peaks at m/z 1704.95-1705.97, 1690.95-1691.96 an
1732.9-1733.9, respectively. A similar conclusion ca
be drawn from the [M + 2H]** peaks shown in Fig. :
(Figure 9(b) presents further evidence that the amour
of acidic molecules was rather high and its major acidi
molecule [M 4+ H]* at m/z 1719 was the molecule 1718E

Anal)"ses of sequences and mixed components of
doubly charged pseudomolecular ions

In the case of ESI-MS analysis,?° the selection of a pre
cursor ion with low abundance of a singly charged molec
ular ion species results in poor MS/MS, whereas a ver
high abundance of a doubly or a higher charged molecule
ion species give better MS/MS analyses. Figure 8 show
the result of selecting certain isotopic peaks by setting th
quadrupole unit at either low or high resolution with th
clear resolution of the TOF analyzer for doubly charge
[M + 2H)?* ions. From one doubly charged peak cluste
in Fig. 3 resulting in 14 peaks between m/z 863.5 an
870.0 only tne iwo desired peaks at m/z 866.5 and 867.
[Fig. 8(a)} could be specifically selected from its clus
ter by using tne high resolution seiting of the quadrupol
unit to transmit only the three isotopic peaks with its spu
rious isotopic distribution as precursor ions for MS/M,
measurement.

100- a 867.04
Precursor ions sent with high resolution of quadrupole setting
o] 3 isotopic peaks 866.55
867.56
0 T T T T T T T T T Yy o N T T T T L T T T T T 1;T0§MSMS 8%9_%5&753
4.57e
1
"] b
] Under low resolution of quadrupole setting
5 isotopic peaks
[+ T T L] T - T T 1 L] T T
1: TOF MSMS 852.90ES+
853.02 6.8203
100
853.51 C
852.51 . .
Under low resolution ofquadrupole setting
* 854.02 5 isotopic peaks -
854.51
R WU
A T T T T T T T L T T T T T T T T T T T T T L} 1;70‘5 MSMS 8'45,d)Es+
1004 B846.04 2.0403
84553 d
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Figure 8. Four ES! tandemn mass spectra obtained under the conditions of 4 V collision energy causing no fragmentation and th
resolution ﬁemng of the quadrupole unit at either low or high resolution for the four doubly charged precursor-peak clusters ¢
[M + 2H)** jons (see mass spectrum in Fig. 3). (a) Spectrum at high resolution setting for the parent peak: m/z 866.5; {b), (c}an
{d) spectra analyzed at low resolution for the precursor peaks: m/z 859.5, 852.5 and 845.5, respectively.
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Figure 9. Minimal MS/MS fragmentation of the four corresponding doutly charged precursor peaks displayed in Fig. 8 with the same
setting of the quadrupole but increased collision voltage to cause minimal fragmentation into their singly protonated complementary

N- and C-terminal fragmenzs.

Figure 9(a)—(d) show the results of minimal fragmenta-
tion of the corresponding four doubly charged parent ions
of {M 4 2H]** under the same quadrupole setting as in
Fig. 8(a)—(d). A collision voltage of 8 or 10 V is enough
to start fragmentation of the labile Aib'?~Pro'3 bonds and
revealed the resulting components as pairs of complemen-
tary fragments. For example, in Fig. 9(b) the precursor
peaks, m/z 859.55—-860.05-860.55-861.04—861.56, gave
a mixture of singly charged complementary fragments of
the m/z 1092.62-626.44 fragments as one major plus three
minor fragments of m/z 1106.66—612.42, 1078.62—-641.47
and 1007.58-712.50. Furthermore, this spectrum also
shows a different isotopic peak pattern at the m/z 612—-613
and 626-627 peaks. This indicates the co-presence of
fragments | u mass higher owing to the change from
Gln'" to Glu'” residues and is useful in specifying exactly
the whole sequences of the existing acidic trichotoxins. A
number of mixed components vary from one precursor
ion to the others. Another example of very high mix-
ing is seen in Fig. 9(a). Although this precursor ion had
only two isotopic peaks it displayed five sets of comple-
mentary fragments, m/z 1106.66—-626.47, 1092.65—-640.5,
1078.66—-654.46, 1064.57-668.46 and 1021.59-711.49.
These data are useful in recognizing several of the mixed
components existing in the same precursor ions.

The application of higher collision voltages caused
further fragmentation of these (M + 2H]** precursor ions
and their complementary fragments (figure not shown).
Although the product ions from more than one fragment
were mixed, interpretation was possible as these results
are still consistent with the MS/MS data for the singly

charged fragments (Table 2). Thus, combining-the-results---- --

of minimal fragmentation of the [M + 2H]?* series, the
tandem mass spectra at various collision voltages and

Copyright © 2000 John Wiley & Sons; Ltd.

the known sequences of those b;» and yg fragments
(in Table 2) allowed the deduction of the sequences of
trichotoxin molecules.

Three examples of major doubly charged [M + 2H])**.
[M+H+KJ*" and [M + 2K]** species are presented
with detailed discussion.

MS/MS of one peak cluster of the (M + 2H} ™" series. tlie peaks of
m/z 852.5 group. Seven isotopic peaks of the peak cluster
miz 852.5-855.5 (Fig. 3) were selected as precursor ions
with comparatively very low intensity of the last two
peaks [see Figs 3 and 8(c)]. Its expected [V + H]* ion.
miz 1704, was not detectable at any collision voltage.
This doubly charged m/z 852.5 group comprises two pairs
of the complementary N- and C-terminal fragments, m/z
1078-626 and 1092-612 [Fig. 9(c)]. The fragment pair
m/z 1078—626 is the major component while the pair /2
1092-612 is the minor one. Other tandem mass spectra
at 16, 25, 28, 40 and 60 V were compared but only the
spectra at 28 and 60 V are shown in Fig. 10. From these
spectra the following fragmentations are deduced.

(i) Sequence 3 (see Table 2) of the N-fragment at
mlz 1078: miz 128—185-270-383-468-596—681-766—
851-922-993-1078 was found as the major component.

(ii) Sequence 2 (Table 2) of the minor N-fragment at
miz 1092: m/z 128-185-270-383-468-596-681-766—
851-922-1007-1092 was detected as a minor compo-
nent.

(iii) The partial sequence 3.1 of the N-fragment at m/z
1078: m/z 128-199-284—-(397)-482—-(610)—-780-837-
908-993-1078 was very minor.

(iv) Sequences 5 -and-5.1-(Table 2) -of the.neutral and
acidic C-fragments at mfz 626 and 627: m/z 211-296—
395-523/524-626/627 were found.

J. Mass Spectrom. 35, 1438—1451 (2000)
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Figure 10. ESI tandem mass spectra of a peak cluster at nm/z 852.5-855.5 containing major doubly charged [M + 2h]2* precursor ions

Collision energy: (a) 60 and (b) 28 V.

(v) Sequences 6 and 6.1 (Table 2) of the neutral and
acidic C-fraginents at m/z 612 and 613: m/z 211-296—
381-509/510-612/613 were observed.

The total abundance of the fragment of m/z 1078 is
about three timés that of m/z 1092 [Fig. 9(c)]. These
observations clearly allow the deduction of three sequences
of trichotoxins with molecular mass (M) m/z 1703 in the
form of [1703 + 2H], namely 1703A, 1703C, 1703B and
another two sequences with the molecular mass of m/z
1704, as 1704E and 1704G.

The use of a collision energy as high as 60 V for this
[M + 2H}** series is high enough to lose the complete
sequence information as shown in Fig. 10(a). However,
it gives immonium ions of the amino acid components
(Aib —=m/7 58, Pro = m/z 70, Iva = m/z 72, Leu = m/z
86, Gln = m/z 101) and only ions containing the first (m/z
128) up to the 1ifth (m/z 468) residue.

There were also unassignable peaks left in the tan-
dem mass spectra of this m/z 852.5 group such as m/z
—-537.3-622.4-707.5-792.5 (~Aib—Aib—Aib-) and m/z
-509.3-594.4-665.4-750.5-853.5 (—Aib-Ala-Aib-
Vol) as a minority.

Consequently. we deduced complete sequences of other
trichotoxins found from the other three [M + 2H}2*
ions by a similar analysis technique as done with the
above example. It is known that the precursor m/z 845.5
group [Fig. 9(d)] is composed of two main molecules,
1689A and 1689C, plus other two neutral and two acidic
minors, 1689B, 1689D, 1690E and 1690F, respectively,
and a minute unknown [M+ X + Y]** giving peaks
between m/z 845.5 and 847.5. Another precursor at m/z
859.5 shows two major components having the sequences
1717A and 1718E with two other pairs of acidic—neutral
minors,1717B=1718F and.J717C~1718G. The last group
to be discussed is the precursor m/z 866.5 group. Its

Copysight ©-2000 JohnWiley & ‘Sehs, Ltd.

two isotopic peaks are composed of four pairs of com
plementary fragments: m/z 1106.7-626.5, 1092.6—640.5
1078.6-654.5 and 1064.6—-668.5. Only one sequence o
major 1731 A could be confirmed. The sequences of othe
byz fragments and the three new y¢ fragments, m/z 640.5)
654.5 and 668.5, were impossible to analyze because thei
amount was extremely small in the whole sample. How
ever, a high intensity of the isotopic precursor m/z 867.07,
peak was proved to be due to the contribution of othe
isotopic acidic peaks of m/z 641.5, 655.5 and 669.5 an
not from the acidic peak of m/z 627. More diversity o
sequence of the C-terminal fragments could be seen from|
this precursor but their exact sequences could not be spec-
ified.

The possible sequences of the three y¢ fragments heav-
ier than the m/z 626.4 fragment, m/z 640.5, 654.5 and
668.5 (14 u consecutively different), may contain highe
homologs than Aib'® and Iva'® in the known sequence:
Pro"*—Leu—Aib-Iva—Gln-Vol'®. Higher homologs than
Iva without an «-proton such as a higher homolog of
Iva (residual mass = m/z 113) and a bis-homolog of Iva
(residual mass = m/z 127) have never been reported in all
known peptaibols. Another possibility of m/z 113 resid-
ual mass with an a-proton and higher than Iva may be
Leu/Ile.

MS/MS of one of the M+ K + HP?* series, the peaks of m/z
878.5 group. The pattern of the seven ronsecutive pre-
cursor peaks of m/z 877.5~880.5 for MS/MS measure-
ment is shown in Fig. 3. According to our assignment
in Fig. 3 and theoretically in Table 1, the peaks of m/z
877.5-878.0—878.5 belonged to the group of m/z (1731 +
Na + H) and the peaks of m/z 878.5-879.0—879.5-880.0
belonged to the group of m/z (1717 + K+ H) and the
peak of m/z 880.5 belonged to the group of m/z (1759 +

J. Mass Spectroni. 35, 14381451 (2000)
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2H). Thus, the group of m/z (1717 + K+ H) had a
much higher relative abundance than the other two minor
groups, mlz (1731 4+ Na + H) and m/z (1759 + 2H). The
[m/z(M + K + H)]?>* ions needed a slightly higher colli-
sion energy than the (M + 2H]** series for fragmentation.
We compare the two tandem mass spectra at a collision
energy of 28 V [Fig. 11(b)] and the summed spectrum-at
three collision voltages, 40, 50 and 60 V, {e.g. Fig. 11(a)]
for assignment. This precursor ion at m/z 878.5 gives
the singly charged [M + H]* at m/z 1717.03 at very low
abundance only when high collision voltages are applied
[Fig. 11(a)]. The detected product ions at 1 collision volt-

- age of 28 V are from the mchr M + K + H]** compo-

> nent of this precursor species.

The evaluation of these
collision experiments provides the following facts.

(i) A major quantity of the b ions of the singly charged
by, fragment at m/z 1092 (sequence 2, Table 2): mi/z
185-270-383-468—-596-681-766—-851-922-1007—
1092 and another minor series (sequence 2.1): m/z 284~
397-482-610-695-780-865-936—-1007-1092  were
found.

(i) High intensity of the peaks of m/z 664 and 665
(equal to the C-terminal [y’ + K]t fragments: 625+ K
and 626 4 K), a series of b ions relating to the fragment
of mlz 626 (m/z —211-296-395-) and the [b+ K]*
ions of the C-terminal fragment (M) of m/z 625: m/z

- ~334-433-561-664.

Thus, four complete sequences could be concluded
1717A, 1717B, 1718E and 1718F. In addition, the [M +-

K+ HJ** ions gave another series of product ions as given

Py

below.

(iii) High abundance of two [y + K]t series of the
neutral and acidic sequences : (Ac—Aib—-Gly—Aib)-Leu—
Aib—GlIn-Aib-Aib—Aib—Ala-Aib-Aib—Pro—(Leu-
Aib-Iva-GlIn/Glu-Vol) (components in parentheses
mean undetected). These were concluded from the data:

100 270.15

38323

468.29

24215 284.17
211.15

L=l

bl

906.54

:.J.ll I\
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miz (39-142)-270-(369-454—567)—-664.4-749.5—
834.5-905.6-990.6~1075.7-1160.7-1288.8—-1373.8—
1486.8—(1572—1629-1757) and (39-142)-271-(370-
455-568)—665.4—750.5-835.5-906.6—-991.6—1076.7—
1161.7-1289.8—1374.8—1487.8—(1573-1630—-1758).
Although some peaks were not detected, the data were suf-
ficient to prove the major sequences of 1717A and 1718E
molecules.

(iv) Moderate intensity of the partial [b+ K]* series
of the sequznce 1717A: (Ac-Aib—Gly—Aib-Leu—Aib-
Gln-Aib—Aib—Aib)-Aia'®—Aib—Aib—(Pro)—Leu—Aib-
Iva—(Gln—"ol). This observation was concluded from the
detected peaks: m/z —960.5'°~1045.6-1130.6—(1227.7)—
1340.7-1425.8—-1524.9—(1653-1755). The presence of
the acidic molecule 1718E could not be excluded because
once the first two residues (Vol and Gln/Glu) fragmented,
the rest of their detected [b 4+ K} ions must be the same.

(v) Partial fragmentations of the precursor group into -
some of the doubly charged product ions were found
(figure not shown): m/z 878.0, (lost 17 u), 862.3, 763.0,
713.4, (not detected), 565.8, 523.3, 480.8, 445.3 and
402.6. These product peaks related to the unassignably
partial sequence 7-?-7-7-7-Aib—Aib—Ala—Aib-.

Thus, the analyses from the (M + K 4 HJ?** precur-
sor ions led to the same conclusion as the analyses from
the [M + 2H]** precursor ions, although the fragmenta-
tion patterns other than b series, [(b+ K) and (y' + K)],
occurred and made some difficulty in the assignment.

MS/MS of one of the [M+ 2KV* series, the peaks of m/z
890.5 group. This precursor group conmsisting of seven
selected peaks at m/z 889.5-892.47 (Fig. 3) was sent into
the hexapole collision cell for MS/MS experiments. By
calculation (Table 1) these seven peaks should belong
to the peaks of four different molecular adduct ions,
namely minor m/fz (1717 + Na + K) with its four peaks:

collision 40-50-60 V

thzd8c 2 (0.114) Sm (SG, 22.00); dm (219‘)

100_‘ wocd «
66538
38325
270.15
%
397
482 32
2962+25
- 183.15215.15 [ . l
P Jedrceald ll et !
160 7300 | 400

1487
1374.85 /
1373, 1396.9
1359.85 MR tesase 11703
991,57 107665 . 1525.77 1717.96
N
1 878.20ES+
o =
- collision 28 V

Figure 11. ESI tandem mass spectra of a peak cluster at m/z 877.5-880.5 mcludmg major doubly charged [M + K+ H]z“ precursor ions.
{a) The summed spectrum under three collision energies, 40, 50 and 60 V. (b) collus:on energy 28 V. 5 .
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miz 889.5-890.0-890.5-891.0, major m/z (1703 + 2K)
with its four peaks: m/z 890.5-891.0-891.5-892.0, very
minor m/z (1759 + Na + H) with ihe three peaks at m/z
891.5-892.0—-892.5 and another minor m/z (1745 + K +
H) of one peak at m/z 892.5."Among the three doubly
charged series, [M + 2H]**, [M + K + H)?** and [M +
2KJ?*, the [M + 2K)** ions needed the highest collision
energy (i.e. 50 V) to fragment (Fig. 12).

A collision voltage of 40 V gave only one singly
charged [M + X]* at m/z 1741.1-1745.0 with no other
fragmented ions. A collision energy of 50 V was enough
to induce fragmentation of this group of peaks and can be
concluded as follows:

(i) The b ions of the short fragment bg at m/z 766:
m/z  (128-185)-270-383-468—-(596)-681-766. This
ion' series showed the highest abundance. This finding
can be extended to the presence of the N-fragment at m/z
1078 of sequence 3 and the N-fragment at m/z 1092 of
sequence 2.

(ii) The b ions of the short fragment at m/z 482: m/z
(128-199)—-284-397-482 with lower abundance than the
above series. These data indicated the presence of the N-
fragment at m/z 1092 of sequence 2.1 and the N-fragment
at m/z 1072 of sequenc= 3.1.

(iii) High abundance of some b ions of the C-terminal
fragment at m/z 626:m/z (98)-211-296-395-(523-626).

(iv) High intensity of the peaks at m/z 664.4 (equal
to the neutral C-terminal at m/z 625 + X) and 665.4
(the acidic m/z 626 + K) and the lower intensity of the
peaks at m/z 648.4 (the m/z 625 + Na) and 649.4 (the m/z
626 + Na).

S. SUWAN ET AL.
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Figure 12. ES| tandum mass spectrum of a peak cluster at m/z 889.5-892.5 containing major doubly charged [M + 2K]?* precurso

ions. The fragmentation shown was under a collision energy of 50 V.
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Thus, we can deduce four sequences of trichotoxins
1703A as major, 1704E, 1717A and 1718E. There we
more data supporting the above assignment.

(v) The [a— H + K] ion series of the molecular mas
(M) at m/z 1703: m/z 478.3-606.3-691.4-776.5-861.6
932.6—-1003.5-1088.6—(not detected)—1298.8—1383.9
1482.9—-1612.0—which corresponds to a partial sequence
of 1703A : GIn®-Aib-Aib—Aib—Ala—Ala—Aib—(Pro)-
Leu-Aib—Iva-GlIn'7-.

(vi) Another [a — H + K] ion series of the molecul
mass (M) at m/z 1717: m/z 478.3-606.3-691.4-776.5
861.6-932.6-1017.6-1102.6—(not  detected)—1312.8-
1398.9-1496.9—, corresponding to a partial sequence
of 1717A : GIn®-Aib-Aib—Aib—Ala—Aib—Aib-(Pro)-
Leu—Aib-Iva'®~. This series had lower abundance than
the above one.

Furthermore, these last two data sets supported the
contention that the group of peaks [M + X]* from m/;
1740.1 to 1745.0 included the m/z (1703 4+ K) and the
m/z (1717 + Na) as major and minor components. respec-
tively, and their corresponding doubly charged forms
were the m/z (1703 +2K) and m/z (1717 + Na + K)
peaks. Other minor and very minor sequences of this
precursor group such as m/z (1759 + Na+ H) and m/:
(1745 + K + H) had such a low abundance that it was
too difficult to make confident product ions. To reduce
the interference of other components a reduced number
of precursor peaks for MS/MS experiments by using
higher resolution of the quadrupole unit would help. The
fragmentation patterns of [M + 2KJ** occurred in b and
[a—H+ K]" ion series.

1100 1200 1300 1400 1500 1600 1700
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Verification of non-proteinogenic amino acids and
isobaric amino acids

The ambiguity of MS analysis to specify some kind of
amino acids in the proposed sequences had been ruled
out by data from NMR measurements. NMR spectra
(("H at 600 MHz and '3C at 125 MHz) including COSY,
HOHAHA, HMBC, HSQC) were measured on trichotox-
ins. These NMR spectra confirmed the structures spe-
cific to the peptaibols which are acetylated N-termini
and reduced C-terminal alcohol, Vol ((CH3),CHCH(NH;)
CH,0H), Iva ((CH3CH,)CH(CH;)C(NH,)COOH) and
Aib ((CHj3),C(NH,)COOH). In addition, the presence
of signals of glutamines (not lysine) and leucines (not
isoleucine) were also proved. Only seven kinds of amino
acids, Gly, Ala, Aib, Pro, Iva, Leu and Gln, and one amino
alcohol, Vol (valinol), were detected in this mixture. Each
kind of amino acid displays more signals than one resid-
ual set. For example, the characteristics of proton peaks
and cross peaks indicate many sets of Aib, 7 Ala, 2 Vol,
4 Pro, 4 Leu, 2 Gly, 4 GIn and 2 Iva.

Micro-heterogeneity

As demonstrated above, this trichotoxin sample from
T. harzianum PCO1 has two aspects of micro-heterogene-
ity in its structures. The first is the molecular mass
distribution of the mixed neutral (trichotoxin A-50)
and acidic (trichotoxin A-40) components composed
of two series of molecular masses (monoisotopic
values), one is the series of neutral trichotoxins
at m/z 1689-1703-1717-1731-1745-1759-1773 and
the other is the series of acidic molecules at
mlz 1690-1704-1718-1732-1746~1760. The neutral
trichotoxins having masses of m/z 1703 and 1717 were
major components while those having masses of m/z
1639, 1751, 1745 1759 and 1773 weare minor constitiencs.
Comparing this study and the previous one' in 1984,
trichotoxins A-50 from 7. viride NRRJ.5242 isolated by
counter-current distribution and HPLC had a molecular
mass distribution of m/z 1675-1639-1704—-1730 and the
species of m/z 1689 and 1704 were major components.
The other aspect is the alteration in amino acid sequence
resulting in the same molecular masses or the relative

difference of 14 'mass i‘nter{/‘dlfs’. ‘Sl‘ic':h('a"EEqudt?f'al?‘\:ilter-
ation could occur’at positions 2.°9;°11"and 16°(T4ble'3).
The changes in Position 2 variéd as either GlyCoiTAla
while position 9W4S &ither AlBEGly Ot -Ala. Positidn’ 11
was found to bé Ala'or Aib and positioft' 16 was eithetva
or Aib. In this study 13 neutral and nine acidic trichdtoxins
were-identified from their four different molecular masses.
There were still some unassigned sequences left in the rest
of the minor molecular masses. £

Previous peptaibol sequence determination often used
FABMS!" 19 with a selective target hydrolysis or FABMS/
MS,'" and prior to these mass analyses, separaticn ~f
individual components was necessary. Rccently, liquid
secondary ionization (LSI) with high-energy collision-
induced dissociation (CID) MS/MS had been applied to
the anal;sis of mixed peptaibols such as .a;paragelsin
mixture'? and a trichorzianine-A mixture.’. However,
these mixtures contained micro-heterogeneityofs peptai-
bol components only in 14 u mass intervals, not.a 1 u
mass difference as presented here. This work is the first
with the application of ESI with sufficient resolution of
the mass analyzer for the analysis of mixed neutral and
acidic peptaibols possessing both 1 u and 14 u mass, dif-
ferences. T

Analysis using the present kind of QTOF tandem mass
spectrometer allowed the clear identification of the neutral
and acidic molecules without further sample isolation as
before. This level of instrument permits the fast exami-
nation of component consistency from batch to batch for
high-throughput analysis.
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