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Summary

The new polypeptide antibiotic trichotoxin A-40 is isolated by chloroform/
methanol extraction from the dry mycelium of Trichoderma viride NRRL
5242. The lipophilic peptide is purified by chromatography on Kieselgel H-60
and reverse-phase chromatography on Lichrosorb RP-8. The new antibiotic
differs in amino acid composition and various chemical and physicochemical
properties from similar peptides such as trichotoxin A, the suzukacillins or
alamethicins. The amino acid composition is (Pro), (Gly); (Ala), (Leu), (Aib),¢
(Glx),. (Aib, a-aminoisobutyric acid.) The antibiotic has a carboxyl group
which can be esterified by diazomethane, which results in slightly enhanced
membrane-modifying activities.

The peptide exhibits a right-handed «-helical conformation increasing about
two-fold from aqueous to lipophilic media as shown by solvent-dependent
circular dichroism measurements. Most of the '*C-NMR resonances can be
assigned unequivocally and amino acids situated in the a-helical part show
characteristic shift differences from those in the non-helical regions. No
B-phenylalaninol residue could be identified by '3C-NMR and ultraviolet spec-
troscopy, as can be for alamethicins and suzukacillins. A pronounced hemolytic
action is found on human erythrocytes, which develops at micromolar concen-
trations. Trichotoxin A-40 induces a voltage-dependent ionic conductance in
bilayer lipid membranes and it can serve as a new pore-forming model system
for structure/activity studies in membrane excitation by peptides.

* Published in part as a lecture note in Chemiker-Zeitung (1977) 101, 196—201.

** Present address: Department of Cell Physiology ND4, Ruhr-Universitit Bochum, D-4630 Bochum,
G.F.R.
Abbreviation: CD, circular dichroism.
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Introduction

The problem of solving the complex molecular mechanism of the voltage-
dependent pore formation of alamethicin [1—5], requires careful investigations
on natural, synthetic and semisynthetic analogues in addition to conforma-
tional investigations on this peptide antibiotic itself [6]. We reported recently
some results from structure/activity studies on suzukacillin A, a peptide anti-
biotic related to alamethicin [7,8]. Next we intended to isolate and investigate
trichotoxin A, a peptide antibiotic that has been found in the mycelium of Tri-.
choderma viride, strain NRRL 5242 [9]. This mycotoxin seemed to be very
similar to alamethicin and suzukacillin since it has been reported to be cyclic
and to contain one residue of the unusual amino acid 2-methylalanine, two
proline, one glutamic acid, two glutamine, one glycine, three alanine and three
leucine residues. However, we were not able to confirm this report in detail,
and we found instead a previously unknown antibiotic that differs from the
reported polypeptide in amino acid composition, Ry value, elemental analysis
and various chemical and biophysical properties.

We soon detected that this new peptide could serve as a potent natural ana-
logue of alamethicin, since it induces a voltage-dependent pore formation on
artificial membranes [10] and it exhibits lytic properties on erythrocytes [11].
We call this new peptide trichotoxin A-40, and we report in the following
details of the cultivation procedure, isolation, purification and characterization
and some analytical and conformational studies. The information obtained
from this investigation will be discussed in Part B [10] with respect to the
membrane-modifying properties that have been found for trichotoxin A-40 in
single-pore and multi-pore experiments on bilayer lipid membranes.

Materials and Methods

Cultivation of the Trichoderma viride strain and isolation of trichotoxin
Trichoderma viride NRRL 5242 was a gift of the Department of Agriculture,
Peoria, Ill., U.S.A. A part of the lyophilized preparation was suspended in
sterile water and transferred to agar slants that contained ‘“‘seeding medium?™
[12] with 2% agar. After an incubation of 3 days at 27°C the germination, and
after 5 days, the sporulation of the fungus was complete and the originally
white mycelium had taken on a green colour. 15 Conical Fernbach flasks,
(1800 ml) each containing 500 ml Raulin-Thom medium, were inoculated with
the spores obtained from one agar slant. Each flask was inoculated with 1 ml
suspension with a spore density of about 5 - 10® spores per ml. The mycelium
plates obtained after an incubation of about 12 days at 27°C were lyophilized.
The cultivation conditions correspond to those reported by Hou et al. [9]. The
yield of about 105 g dry mycelium was powdered in a powder mill and
extracted with 250 ml chloroform/methanol (1 : 1, v/v) under stirring for 12 h
at room temperature. The suspension was separated by centrifugation and the
sediment was washed twice with 250 ml methanol. The solutions were com-
bined (Extract I, Fig. 1) and evaporated at water-pump pressure and 40°C bath
temperature. The residual brown oil was dried for 12 h at 40°C and 0.2 bar.
The resulting powder (16 g) was extracted with 3 X 50 ml light petroleum (b.p.
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Fig. 1. Isolation and purification of trichotoxin A-40.
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30—50°C) to remove non polar compounds. Then the residue (14 g) was
extracted with 3 X 20 ml isopropanol (Extract II) and the isopropanol solution
was evaporated. The residual brown powder was dissolved in 20 ml methanol
and chromatographed in 5-ml portions on a Sephadex LH-20 column (4.5 X 50
cm) with methanol (1 ml per min). Crude trichotoxin was found by thin-layer
chromatography and by tests of the hemolytic activity (see below) in the 10-ml
fractions between fraction No. 21 and 24. These fractions were combined and
evaporated to yield a brownish residue.

Purification of crude trichotoxin

The crude peptide antibiotic was purified by preparative thin-layer chroma-
tography on 20 X 20 cm plates covered with 1 mm silica gel type 60 (E. Merck,
Darmstadt). The brownish residue obtained (see above) was dissolved in 5 ml
methanol and 1 ml of the solution was applied to each plate. The plates were
chromatographed in the solvent system 1l-butanol/acetic acid/water (3 : 1 : 1,
v/v). After drying the silica gel layer, between Ry 0.4 and 0.8 was sampled and
extracted with 3 X50 ml 90% methanol. The combined extracts were evap-
orated to dryness and extracted with 5 ml dry isopropanol to remove traces of
silica gel. After centrifugation of the suspension the clear, light brown superna-
tant solution was decanted, evaporated to dryness, redissolved in 3 ml meth-
anol and shaken with charcoal (Darco G 60) sufficient to decolourize the solu-
tion. The charcoal was centrifuged down, the supernatant decanted and evap-
orated to dryness. The yield was 25 mg trichotoxin. These cultivation and isola-
tion procedures were repeated ten times resulting in an overall yield of about
250 mg peptide antibiotic. This preparation was chromatographed in 100-mg
portions on the reverse-phase Lichrosorb RP-8 in a prepacked column (Lobar®
column size B, 25 X310 mm, E. Merck, Darmstadt) using methanol/water
(94.5 : 5.5, v/v) for elution (40 ml/h). The eluate was sampled in 5-ml fractions
and trichotoxin-positive fractions were detected by thin-layer chromatography
and by the hemolysis test [11]. Trichotoxin A-40 was eluated at first and well
separated from its analogue A-50.

Characterization and chemical modification

For analytical thin-layer chromatography preformed silica gel plates (0.2 mm
thickness, E. Merck) and the solvent system chloroform/methanol/water (13 :
5 : 0.8, v/v) were used. The main component of the purified peptide had an Ry
value of 0.41 (trichotoxin A-40). A second component with Ry 0.48 (tricho-
toxin A-50) could be identified in amounts up to 30% in the crude peptide.

High-performance liquid chromatography on u-Bondapak C-18 (Waters)
using a methanol/water/isopropanol system (7 : 2 : 1, v/v) and thin-layer chro-
matography in the system chloroform/methanol/water (13 :5:0.4) and
chloroform/methanol/ammonia (17%, 14 : 7 : 2) separated both the analogues
A-40 and A-50.

Trichotoxin A-50 was also active in lipid membranes and showed hemolysing
properties (Boheim, G., Irmscher, G. and Jung, G., unpublished). The lipophilic
peptides can be visualized as white spots after spraying the plate with water and
slowly drying. The ninhydrin reaction is negative; however, this does not neces-
sarily imply that such a peptide is cyclic as reported for trichotoxin A [9],
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since the N-terminus may be acylated [13]. The chlorine/tolidine reaction is
relatively weak and our peptide cannot be visualized by the anisaldehyde/sul-
furic acid colour reaction as reported for trichotoxin A [9]. Trichotoxin A-40
decomposes at 158—160°C in the melting point glass capillary.

X-Ray photoelectron spectra were measured in order to detect the presence
of inorganic material, atoms like Cl, Br, S, P, or metals. This technique is
described elsewhere in detail and has been applied also for alamethicin and
suzukacillin [7]. Except for very small traces of Na*, C1", Br™ (?),d” (?) or Si**
from silica gel nothing else could be detected in trichotoxin A-40.

Samples of purified peptide are hydrolysed with 6 M HCl in sealed ampoules
at 110°C for 24, 48, 60 and 72 h and analyzed in a Beckmann-Unichrom amino
acid analyzer. The 2-methylalanine content was determined by the aid of a
standard solution. The low colour-yield of a-aminoisobutyric acid (Aib) has
been occasionally overlooked [9,14]. The recovery of amino acids was optimal
at a hydrolysis time of 48 h and the following composition was obtained for
trichotoxin A-40: (Glx), (Pro), (Gly), (Ala); (Aib),, (Leu),. The composition
of trichotoxin A-50 is the same except for 12 ¢-aminoisobutyric acid residues.

Trichotoxin A-40 was automatically titrated with 5 - 107> M NaOH in water/
methanol (1 : 1, v/v) and a pK value of 5.4 was determined, which is close to
those of alamethicin Rg 30 (pK = 5.5) and suzukacillin-A (pK = 6.1) in the
same solvent system. Trichotoxin A-40 was quantitatively methylated in meth-
anol (concn., 10 mg/ml) by slow addition of a freshly prepared etheral diazo-
methane solution. On silica gel plates developed in CHCl;/CH,OH/H,0 (13 : 5 :
0.8, v/v) methylated trichotoxin A-40 had an Ry of 0.64. Titration of methyl-
ated trichotoxin A-40 showed the absence of a dissociating group below pH 7
and circular dichroism revealed the same conformation as the untreated pep-
tide. In contrast to trichotoxin A-40, both alamethicin F-50 [11] and suzu-
kacillin A [7] could not be modified by diazomethane despite their similar
behaviour in titration experiments. Alamethicin F-50 and suzukacillin A are
peptide amides, whereas the alamethicin main component Ry 30 of Upjohn
(see ref. 10) has a free carboxylate group.

The peptide chain of trichotoxin A-40 was lengthened by coupling with
alanyl-alanine methylester as follows. 20 mg trichotoxin A-40, 1 mg H-L-Ala-
Ala-OMe - HCI, 60 ul N-ethyl-morpholine and 40 ul of a dicyclohexylcarbodi-
imide solution (1 mol/l) were reacted in 1 ml dichloromethane for 18 h at
21°C. After evaporation of the solvent the residue was dissolved in 1 ml meth-
anol and applied to silica gel thin-layer plates (20 X 10 cm, thickness 0.2 mm;
E. Merck, Darmstadt) and chromatographed in chloroform/methanol/water
(13 : 5 : 0.4). The new lipophilic zone (Rg = 0.65) containing the product was
extracted with methanol. The solution was evaporated and the residue taken up
in isopropanol, centrifuged to remove traces of silica gel, evaporated again and
dried in vacuo; yield: 8 mg trichotoxin-alanyl-alanine methylester.

Attempts to identify the L-phenylalaninol residue found in alamethicin [6,13,
15] and suzukacillin A [7] in the structurally closely related peptide antibiotic
trichotoxin A-40 by ultraviolet absorption and '*C-NMR did not reveal an aro-
matic residue. Mild hydrolyses and subsequent thin-layer chromatography carried
out in parallel runs with trichotoxin, alamethicin and suzakacillin yielded L-phen-
ylalaninol only for alamethicin and suzukacillin. Partial hydrolyses by 3M HCl in
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methanol/water (3 : 1, v/v) [13] will split off phenylalaninol and the N-terminal
N-acetyl-2-methylalanine from alamethicin. We found that these conditions
damage various other peptide bonds too.

Circular dichroism, ultraviolet absorption and '*C NMR measurements

Ultraviolet spectra were taken on a PMQ Il spectrometer (Zeiss, Ober-
kochen). CD (circular dichroism) spectra were measured on Roussel-Jouan
Dichrograph CD 185 and Jasco CD/ORD instruments. Samples were equilib-
rated at room temperature before the measurements. Solvents were Uvasole®
or pure analytical grade (E. Merck). Hexafluoroacetone sesquihydrate and
2,2,3,3-tetrafluoro-1-propanol were products of PCR (Gainsesville, Fla.,
U.S.A.). Concentrations were 1.2 mg/ml corresponding to 0.6 mmol/l based on
a theoretical molecular weight of 1670 for trichotoxin A-40. Each measure-
ment was repeated twice. Molar ellipticities, [0 ], and mean residue ellipticities,
[6 1m, differ within the usual error of CD measurements (about 10%).

Fourier transform '3C-NMR spectra were recorded on a Bruker HFX-90 mul-
tinuclear NMR spectrometer equipped with a 38 cm magnet (22628 MHz for
13C). For the '*C NMR measurements a sample of 120 mg trichotoxin was
dissolved in 1.5 ml '?C-enriched and deuterated methanol. With proton broad
band decoupling 230 000 interferograms were accumulated on an 8K storage with
an analogue digital resolution of 6 bits (Bruker Computer BNC-12). The pulse
width used was 2.5 us and the pulse interval was 0.7 s. '*°C NMR absorption
spectra were obtained by Fourier transformation, and the chemical shifts were
automatically read and printed as §-values in ppm and referred to internal tetra-
methylsilane as standard (6 = 0 ppm). The sample cell had a temperature of
298 K.

pH-Dependence of the partition coefficients in octanol/water

As standards, the ultraviolet adsorption of solutions of 0.1-0.5 mg peptide
antibiotics in 1 ml sodium acetate/acetic acid buffer (concn., 0.1 mol/l, pH 4),
Na,HPO,/NaH,PO, buffer {(concn. 0.1 mol/l, pH 5—8) and 1l-octanol was mea-
sured at 225 nm (for the acetate buffer at 230 nm). Partition coefficients were
obtained as follows: 1.5 mg peptide was dissolved in 3 ml 1-octanol. After addi-
tion of 3 ml buffer the mixture was stirred for 60 min at room temperature and
centrifuged for 10 min at 5000 rev./min. The extinctions of the clear aqueous
and alcoholic phases were measured at 225 and 230 nm, respectively (path
length, 1 cm; T, 20°C). The peptide concentrations were determined using the
standard curve and the partition coefficient y = concn.,iunor/CONCN., 4, Was
plotted versus the pH.

Results and Discussion

The new antibiotic trichotoxin A-40 is the third peptide exhibiting the par-
ticular characteristics of voltage-dependent pore formation and lytic properties
in membranes. It differs from alamethicin {16,17] and suzukacillin { 18] in lack-
ing valine and L-phenylalaninol. More than 50% of the residues are 2-methylala-
nines and only one proline and two Glx residues are found. The potentiometric ti-
tration revealed a carboxylate group. Methylation by diazomethane revealed a
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less polar product in the case of trichotoxin A-40, whereas alamethicin F-50 [11]
and suzukacillin A [7] remained unchanged. Trichotoxin A-40 exhibits a higher
solubility in less polar solvents when compared to alamethicin or suzukacillin.

Conformational behaviour

CD spectra show three Cotton effects around 221 nm (—), 207 nm (—) and
190 nm (+) characteristic for a right handed «-helical conformation (Fig. 2).
The a-helix content has been estimated by comparison with poly(L-glutamic
acid) [19] and by the method reported by Rosenkranz and Scholtan {20]. We
are aware of the restrictions of these procedures when applied to short and
unusual peptides and the strongly differing a-helix values (Table I) should be
considered only as relative values. It should be pointed out that standards
derived from proteins may not be applicable for the particular a-helices of the
alamethicin analogues. Therefore, we are investigating at present suitable
models such as the sequential peptides (Aib-Ala),, [21]. The a-helix content
can be as high as approx. 40% in alcoholic media and less than 20% in phos-
phate buffer, pH 7, and in aqueous alcohol (Fig. 3). The high values are only
possible assuming a helix as long as the alamethicin helix [6]. In contrast to
alamethicin and suzukacillin, trichotoxin A-40 exhibits a ratio [0]:2,/[0]207 =
0.66 + 0.8 in all solvents remaining below 1, even in aqueous solutions. This
may be due to an aggregation behaviour which differs from that of its anal-
ogues both showing a reversible variation of this ratio on aggregation [6,7]. It
may be possible that trichotoxin A-40 aggregates only to low molecular-weight
micelles. In this context one should pay attention to the high content of
a-helix-promoting amino acids such as 2-methylalanine and leucine and the
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Fig. 2. CD spectra of trichotoxin A-40 in potassium phosphate (0.01 mol/l, pH 7) (1); Hexafluoracetone
sesquihydrate (2); triftuorethanol (3): 1-butanol (4); (conen. 7.5 - 10-4 moi/1; T, 23°C).
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TABLE 1
SOLVENT DEPENDENCF. OF THE CIRCULAR DICHROISM SPECTRA OF TRICHOTOXIN A-40
Concen., 1.2 mg/ml, T, 20"C.

Solvent A=221nm A =207 nm [01,55, a-helix (%)

() 10m (0] 101ym 01207 () ()

1-Octanol —230 500 12 800 —342 500 19 050 0.66 29 44

1-Butano) ~223 900 —12 450 --368 800 —20 500 0.61 30 47

2-Propanol —213 300 --11 800 —342 500 ~19 050 0.62 30 44

Methanol —220 000 —~12 200 —303 000 —16 800 0.70 22 39

1.1.1-Trifluoroethanol  —135 300 —7 500 ~-234 100 —13 000 0.58 14 30

Hexafluoroacetone- —92 200 --5 100 --158 100 —8 800 0.58 5 20
sesquihvdrate

Dioxane -85 600 -4 750 —138 300 =7 700 0.62 18

Potassium phosphate —79 000 --4 400 —118 600 —6 600 0.67 .- 15
(pH 7)

Ethanol 100% —220 000 —12 200 —322 700 -~~17 950 0.67 23 42
95% —192 100 —10 650 —292 400 —16 250 0.66 23 38
90% —191 000 —10 600 —270 000 —15 000 0.70 17 35
80% —184 400 —10 250 —263 500 --14 650 0.70 17 34
70% —177 900 —9 900 —250 300 —13 900 0.71 12 32
60% ~—177 800 —9 900 —256 900 —14 250 0.69 13 33
50% —177 800 —9 900 —250 300 —13 900 0.71 13 32
40% —164 700 —9 150 —223 900 —12 450 0.73 9 29
30% —151 500 —8 400 —230 500 —12 800 0.66 7 30
20% —138 300 ~=7 700 ~=197 600 —10 950 0.70 4 25

— 17

10% —92 200 -5 100 —131 700 —7 300 0.70

* (a), Calculated according to Rosenkranz and Scholtan [20]; (b), estimated on the CD values of
poly-(Glu) {19].

single helix-breaking proline and helix-weakening glycine residues in tricho-
toxin A-40. According to conformational calculations on the peptide models
N-acetyl-amino-acid N-methylamides the energy minima region is reduced,
replacing glycine by alanine and 2-methylalanine from 50 to 20 to 5% of the
total region [22]. Therefore, the high content of 2-methylalanine should give
rise to a pronounced reduction of the allowed conformations [22,23] for the
amino acid residues of the peptide antibiotics from Trichoderma viride. The
particularly high content (56%) of 2-methylalanine in trochotoxin A-40imparts
different solvent- and temperature dependencies of the conformations of the
antibiotics, since alamethicin F-50 has a 2-methylalanine content of only 37%
and suzukacillin A of 40%. Measurements of the solvent dependence on the
dipole moment of alamethicin [24] revealed close relations between the change
in a-helix content from hydrophilic to lipophilic media [6} and the effective
length of the peptide. Comparative measurements of the dipole moments of
suzukacillin and trichotoxin could be valuable for structure/activity studies
since the dipole moment may be correlated with the voltage-dependent conduc-
tance in bilayer lipid membranes.

Assignments and discussion of the '3C NMR spectrum of trichotoxin A-40
There is no phenylalaninol residue visible in the aromatic region of the spec-
trum (Fig. 4a). Trichotoxin contains two alanine and two leucine residues
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Fig. 3. Solvent dependence of the two negative Cotton effects at 207 nm and 221 nm of trichotoxin A-40
in ethanol/water mixtures (23°C. 7.5-107% molfl) and the estimation of a-helix content [19].

exhibiting six unequivocally assignable methyl signals (Fig. 4b). Since the
methyl signals of the two alanines coincide, we can assume that their environ-
ments are similar and most probably located within the «-helical part adjacent
to 2-methylalanine residues. This conclusion follows from the high field
shifting of these methyl signals compared to small, randomly-oriented alanyl
peptides. The methyl signals of the two leucines each differ by 0.4 ppm and are
magnetically nonequivalent by 2 ppm compared to the usually observed 1.1—
1.6 ppm. This could be caused by hindered rotation of the leucyl side chains.
The strongest resonances are caused by coinciding signals of about twelve
B-methyl groups of 2-methylalanine and about eight 3-methyl groups corre-
sponding to four a-aminoisobutyric acid residues 4 ppm downfield. We attrib-
ute the strong signal group at about 23.3 ppm to «-helical a-aminoisobutyric
residues and that at about 27 ppm to non-helical residues [6]. The signal group
at 23.3 ppm is relatively sharp due to faster rotation of the methyl groups
bonded to the helical backbone. Furthermore, the signals of the methyl groups
of each «-aminoisobutyric residue differ due to magnetic nonequivalence,
because of neighbouring chiral amino acids (approx. 0—0.5 ppm), and to shift
effects of the differently-substituted amino acid neighbours (approx. 0—1 ppm)
[6].

In contrast to alamethicin there is only one proline residue in trichotoxin
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Fig. 4. a. Fourier transform !3C NMR spectrum of trichotoxin A-40 in [!2C, 2H])methanol (concn.,
80 mg/ml; T. 298 K: 22628 MHz; 230000 scans). b. Aliphatic region of the 13Cc NMR spectrum of
trichotoxin A-40 (expanded plot). c. Carbonyl part of the 13C NMR spectrum of trichotoxin A-40
(expanded plot),

A-40 to which we assign the C, signal at 24.2 ppm (Table II). We may attribute
the signals at 25.3 and 26.1 to the C, of the two leucines, although the high-
field signal is rather sharp compared to the other C, signal. The C; of the single
proline absorbs at 30.0 ppm and the two Gix C, absorb at 32.7 and 33.2 ppm.
The two leucine C; signals show only a minor shift difference. The single Gly
C, signal is found at 46.1 ppm. Partially covered by the solvent septett, the
proline C; signal can be detected at 50.3 ppm.

The C, region is dominated by two intense signals due to ten 2-methyl-
alanine C, carbons. The alanine C, absorb at 56.5 ppm, whereas the two leu-
cine C, signals are hidden behind the Aib C, signals. Compared to model pep-
tides and the analogues [6,7] the leucine C, resonances are unusually low-
field shifted. The signals at 58.6 and 61.0 must be attributed to the Glx C,
carbons. The shift difference between these signals is larger than that in ala-
methicin and suzukacillin., The signal of the proline C, is found at lowest field
compared to all other C, carbons. Several high-field signals are not compatible



481

‘[outuerelAudyd-g ‘{oaud «

 6'8L1
0OPIV S {g'gLt
L)oot P8LI Py na 1 vvs
Poerv g 6'€g _
oot X191 8L 9 01g 2 (L8 _
6'LLI 6'6% ooev g 8'8LT 9 014 1 £'0g
004 XID g 8°LLT 00 A1D 1 8y 004 XID 1 g'8LL 93 A1o 1 I'op
oo av g 9LLE Fona 1 ¥iv @ oot V8LT o no 1 cop
TLLY , -- 024 xI9 1 Z'8LL 5 nory 1 z'0b
0132 ﬁc.h: SHYD-THO-x [09yd | 6°LE . =
gaLt . e MMM” -0 toumng-1 L'eg
oo aw b LGLY 0xHe L 00 AV 9—¢ £LLY Ly xio 1 zee
02 1°'00-0UlD 1 S°GLT Lo xio 1 8'1¢ oLLT Loxio 1 L'2g
0D 1'00-0oUlD | Z2'G6LI 95 A 2 ¥0¢
0D IPA 1 0GLT Iy 014 g L. 62 00 o0id I L'9LT g5 014 1 00g
02-oN[H o'pLT 6°L3 9Ll
oo en - mo X0 ¢ vz 000 X1 2 oLt . Lz
A T 6°3LI oawvsg I'Le Qv 5—¢ 8'sLT no X193 o'LZ
09 A5 I PTLT L'92 00 na [ MMM” oqwvs 292
©31rA L 6'%9 Ly ne 1 1’9z
- - Lo no y 9'¢z - — Lo na ¢ g'ce
L5014 6'€2 (umouyun) 0D 1 LPLT Looig 1 b8
0o N1 1 eLT 8'€3
HOYHO-+ T02yd | S'€e 004D 1 LGLT S'€2
03 o014 Z 6'£9 9o arv 9 {ze2 z o aiv g1 262
oAl z'€9 (umouxun) HOIHO L'¥9 822
— A%y neg 1 5'%T Py o014 1 L'€Y ¥ na1 1 022
®eymag 1 vz ¢y na7 1 912
0°8S I-D [oueIng-1 929 ¢-0 joueing-1
« [03yd | . qA . . . ‘eQ -
05 qiyL 9°Lg oA 1 €03 RN 0'19 *®eymag 1 002
LS ey jea 1 961 Yo X191 9'8¢ ¢y nay 9'61
05 x1 ﬁN.S Ioev g o'LY Py naq g . 0'86 ey g oLt
axi0e 896 - ©5 qiy 01 lyrg -0 oueIng-1 vl
Py xio 1 G'sg (umourun) €4 1 Z'L ©o-e1y g—1 ¢ 9¢ (umouyun) €Ho | LL
swoje uoqar) (wdd) ¢ swoje uoqre) (wdd) ¢ swoje uoqie) (wdd) ¢ suioje uoqie) (wdd) ¢

toueyiawi[H, ‘04 ] ul [9] urdylowElY

foueyIaw(H, ‘0, ) Ul 0b-v urxojoyou ],

NIDIHLANWV’IV ANV 0%-V NIXOLOHDIYL 40 STVNOIS HIAN O¢; AHL 40O SINTIWNOISSY THL 40 NOILVIZHHOD

11 3779V.L



482

with the amino acid composition. There is a methyl signal at 7.7 ppm, which
we have located already in the spectra of suzukacillin A (7.2 ppm) and of
freshly prepared alamethicin. Near the proline and Glx C, there are two signals
assignable to CH,OH groups. Solvent peaks at 14.2, 20.0, 35.7 and 62.6 ppm
result from 1-butanol used in the final purification. Between 170 and 180 ppm
there are signal groups corresponding to at least 20 CO carbons (Fig. 4¢) in
agreement with the number of peptide carbonyl groups derived from the 18
amino acids including two Glx vy-carbonyl groups (Table II).

Hemolytic properties and partition coefficient in water/octanol

The lytic action on human erythrocytes caused by trichotoxin A-40 resem-
bles that of the alamethicins and suzukacillins and develops at concentrations
of 2:107* mol/l in phosphate buffer, pH 7, within an incubation time of 60
min at 37°C [11]. Alamethicin and its analogues constitute a group of cytolytic
polypeptides, which develop their activity in the micromolar range between
the more active bee-venom constituent melittin [25] and the less active deter-
gent sodium dodecyl sulfate.

Suzukacillin A has the highest partition coefficient, vy, in the 1-octanol/water
system at all pH values (Fig. 5) and it is the most active peptide in hemolytic
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Fig. 5. Partition cocfficients of trichotoxin A-40 (X), alamethicin F-50 (o) and suzukacillin A () on varia-
tion of the pH in the system 1-octanol/water.



483

experiments [11]. Lower partition coefficients are observed for alamethicin
F-50 and the smallest values are found for trichotoxin A-40 (Fig. 5) despite its
excellent solubility in lipophilic solvents. Particularly interesting is the strong
decrease in v in 1-octanol from pH 4 to pH 6 for all three peptides. The parti-
tion coefficient exhibits a particularly strong decrease for suzukacillin A in the
region of pH 4—5.5 and a relatively smaller decrease for alamethicin. In the
region of pH 6.5—8.0, suzukacillin A and trichotoxin A-40 exhibit a smaller
decrease in v, whereas in the case of alamethicin F-50, y decreases more or less
steadily in all pH regions investigated.

The numeric addition of the concentration values (%) of the aqueous and
alcoholic phases gave only 90—95% of the applied material. This could be due
to antibiotic adsorption at the water/octanol interphase.

Conclusion

A new polypeptide antibiotic has been found in the mycelium of a strain of
Trichoderma viride which exhibits membrane modifying properties similar to
those of alamethicin. The isolated material consists of two closely related
analogues, trichotoxin A-40 and trichotoxin A-50. Trichotoxin A-40 is lacking
the phenylalaninol component found in the alamethicins and suzukacillins and
it shows an enhanced content of 2-methyl-alanine. Circular dichroism revealed
a right-handed «-helix, a pronounced solvent- and temperature-inducable flexi-
bility of its conformation and aggregation phenomena in aqueous media. Most
of the '*C-NMR signals are assignable to a-helical and nonhelical residues and
the spectrum agrees well with the amino acid composition. The partition coeffi-
cient in 1-octanol/water shows a pH dependence which does not differ signifi-
cantly from those of alamethicin F-50 and suzukacillin A. The main difference
between trichotoxin A-40 and its natural analogues is the different aggregation
behaviour of these peptides and the different flexibility of their «-helical con-
formation., The membrane-modifying properties seem to depend largely on
these two prerequisite structural parameters. Relatively wide ranges of allowed
sequential variations seem to be possible without loss of the lytic [11] and pore-
forming [10] activities.
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