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ABSTRACT

Structural Determimation of Brologically Activ e Peptabol Metabolites of
Tolvpocladium geodes 1 P237

Sotirta Prschos

Three anuibiotic peptides, LP237-FR (1), F5 (2) und 17 (3), were solated Trom the higquid
cultures of the fungus Tolypocladium geodes.  Chenical shitt assignments of the TH and
13C NMR resonances and sequencing ol these metabolites were achieyed by evtensinve
high-tield 2D NMR spectroscopy - The N-termunal of peptides 1 and ? 15 protected with an
octanoyl (Oc) latty acd untt, wherecas that of peptide 3 18 protected with a decanond (Deey
unit. The C-terminal of all three peptides 1s protected wath the anuno alcohol leucinol (1 o)
All three metabolites contain the common amino acids Ala, Phe or Tyr, Pro and Gln, as
well as the unusual amino acid a-aminoisobutyric actd (Arb). In additon, peptides 1 and 2
contain the amimo acid t-amno-a-cthy -n-pentanote acid (a-cthylnonatbine, EtNor), which
has not been preyviously reported as a constituent of a natural product. Metabolites 1, 2 and

3 arc new members of the class of natural products known as peplaibole,
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Chapter |

INTRODUCTION

1.1 Characteristics of fungi

The word fungus has long been associated with discomtorting thoughts. Perhaps
this 15 due to the knowledge that tung: spoil food and they are plant, amnmmal and human
pathogens. However, fungi arc an intncate part of all ecological systems. They play a very
important role in decomposing dead organisms, thus reeyeling chemical elements vitad o
the environment. Even greater 1s the role they play tor humans: not only do we cat fungr,
such as mushrooms, but they are a major contributor (o the pharmacecutical industry, where
fungr are used to produce valuable drugs such as pemicillin (from species of the genus

Penicillium).

Fungi are cukaryotic organisms which can be cither unicellular, for example yeast,
or multicellular.  They are composed of a mass of filaments, known as hyphae, which
branch repeatedly to form a mycelium. The mycclium provides a large surface arca which
serves the fungus as a means of absorbing its nutnents.! The kingdom of fungi includes
more than 100,000 species! and can be divided nto four groups based on varations in
sexual reproduction: zygomycetes, ascomycetes, bastdiomycetes and deutcromyccetes.  For
instance, zygomyecetes, such as the black bread mold, Rhizopus stolonifer , arc mostly
terrestrial fungi in which sexual reproduction results in tough zygotes, called zygospores

that can remain dormant when the environment 1s too harsh for growth of the fungus.

! Campbell, N. A. ; In Biology, The Benjamin Cummings Publishing Company, Inc Menlo Park,
California, 1987, pp 586-599



1.2 Tolypocladium geodes

Tolvpocladium geodes belongs 10 the group of fungi known as deutcromycetcs.
The tungr belonging o this group arc also called imperfect because they have no known
sen life cyele, and therr comdia are formed asexually. The genus Tolvpocladium was
established by Gams in 1971 and includes 11 species: T. balanoides, T. cvlindrosporum,
T. extinquens, T. geodes, T. inflatum (or T. niveum), T. microsporum, T. nubicola, T.

parasiticum, T. terricola, T. trigonosporum, and T. tundrense.

Tolypocladium species are Hyphomycetes with sparingly branched comdiophores,
swollen phialides, and small onc-celled comdia borne 1n slimy heads.22 T, geodes
colonies (Figure 1.1) grow slowly, reaching a diameter of 10 - 15 mm after 10 days at
room (emperature. Colonies of 7. geodes have a pronounced carthy odor and arc
distinguished by therr  phialides and comdia.  Conidrophores are very sparingly branched
and the phiadides are usually solitary and often are borne dircctly on undifferentiated
hyphac.23 This species has been found 1n Canada, The Netherlands, England, Denmark
and Austnia in soil at high alutudes.  Although fungi of the Tolvpocladium genus are
commonly found in cold chimates, T. geodes 1s a much more rarc organism and is very
sensitiny ¢ to warm cemperatures.’ The T. geodes isolate LP237 was found in soil collected

from the Pennine mountains in England at an altitude of 600 meters.2b.c

2a) Bissett, J Can. J. Bor. 1983, 61,1311 b T. geodes 15olate 1.P237 was originally 1solated by Dr
P Widden in 1982; Widden, P. Mycologia, 1987, 79, 298 c¢) The culture was deposited at the
Biosystematics Research Institute (Ottawa, Canada) and 1ts taxonomic identity was confirmed by J. Bissett
d) Lundgren, B.; Baath, L. Soderstrom, B |+ Trans. Bri. Mycol. Soc. 1978, 70, 305

3 Dow ding, P. and Widden, P In Soil Orgamsms and Decomposition in Tundra. Holding, .A. J. Ed. Tundra
Biome Streenng Comnuttee, Stockholm, 1974, pp 123-150.
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1.3 Biologically active metabolites from the Tolypocladium genus

A multitude ol sccondary metabolites have been isolated from fungt, many of w hich
arc known to be pepuides. In the past, several biologically actine peptides have been
isolated from Tolvpocladium tungi, mcluding the ¢yclosporins,* the cfrapepuns® and the

clvapeptins.©

Cyclosporins arc interesting pepudes which contain common amino acids, such as
lcucine and alamne, and an unusual amino acid which contains an olefinie side chain.
Cyclosporin A (1), extracted from 7. inflatum, was isolated by Traber and coworkers in
1977.4P 1t s a cychie nonpolar undecapeptide used 1in organ transplant surgerics as an
immunosuppressive agent.  More specifically, cyclosporin A suppresses antigen-actiy ated
T-lymphocytes, which are known to mtiate the immune response, and thus antubody
formation is inhibited. It has also been shown that cvelosporin A suppresses delayed-type

hy persensitinv ity and interferes with the relcase of inflammatory mediators 1n mice. ¢

The ctrapeptins are a complex mixture of peptide antibiotics also produced from the

fungus Tolypocladium niveurn. These peptides exhibit strong antifungal and nsecticidal

+a)Review Ovchinnikoy, Y. A. and Ivanov, V. T "The Cyclic Peptides: Structure, Conformation, and
Function” In The Proteins Vol 'V, Neurath, H. and Hill, R. L. Eds Academic Press, New York, 1982, pp
547-555 b) Traber, R , Kuhn, M.; Loosli, H.-R.; Pache, W., Wartburg, A. Helv. Chim. Acta , 19717,
60, 1568. ¢) Colegate, S. M., Molyneux, R, J. In Bioactive Natural Products: Detection, [solation and
Structural Determunation, CRC Press, Boca Raton, Honda, 1993, p12.

¥ a) Jackson, C. G, Linnett, P. I, Beechey, R. B. and Henderson, P J. F. Biochem. Soc. Trans. 1979,
7.224. b) Bullough, D A\ Jackson, C. Gi.; Henderson, P J. F.; Cottee, F. 11, Beechey, R. B. and
Linnewt, P E. Biochem. Inr. 1982, 4,543 ¢) Gupta, S ; Krasnoff, S. B.; Roberts, ID. W. and Renwick.,
J AN JoAm. Chem. Soc. 1991, 113,707 d) Krasnoff, S B.; Gupta, S., St. Leger, R. J.; Renwick,
1A\ and Roberts, D W J. Invertebr. Path. 1991, 58, 180 e) Gupta, S.; Krasnoff, S. B.; Roberts,
D W., Renwick, J. \. A, Brinen, L. S. and Clardy, J. J. Org. Chem. 1992, 57, 2306

6 Bullough, I3 .\.; Jackson, C. G , Henderson, P. J. F.; Beechey, R. B. and Linnett, P E. FEBS Letr.
1982, /45, 258



acunvity, For example, efrapeptin D (2) inhibits matochondnal onidative phosphony lation
and ATPase activity 1n fungr and insects. [t s believed that the efrapepuns act by binding
competitively 10 the catalyuce site ol the soluble (F 1) component of mitochondrial ATPase, ™
the enzvme that syvnthesizes ATP, thus blocking an essential arginine residue at the ademine
nucleotide binding site. Unlike the cxclosponns, clrapeptin peptides ate hinear molecules
that arc hydrophobic and contun a C-terminal bicy clic amine blocking group, thought o be

important 1n the biological activity of efrapeptins. 5¢¢
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The ehvapeptins are ¥ etanother taruly of antibrotes that has e been solated trom T
inflaum. 1t has been reported that these pepuides are produced when the cultures of T
inflatum are grow n under ltmited acration conditions,” and that they are potent imbibrons of
mitochondnal ATPasc activity. Bollough and coworhers® reported that although chy apeptin
D 1s composed of the same amino acids ( ce-annosobutsnie acid, isovaline, glyemne,
leucine, prpecolie actd, alamne and B-alanine) as efrapeptin D, the two peptides ae cleatly
different.  Analysis by FAB mass spectrometry revealed that the ditleience between the two
antibiotics was 1n the nature of their C-terminus. The complete structure of elvapeptins suil

remains unknown.

1.4 The Peptaibols

Sccondary metabolites belonging to the peptatbol famly of anttbroues were 1solated
from the 7. geodes 1solate LP237. The solation and structure determination of  these
natural products is reported tn the following chapters. The peptaibols are a large group ol
membrane  modifving  peptides  1solated  from  Trichoderma  species such  as T
longibrachiatum, T. viride and T. harzianum. All peptubaols have common characternistics,
which include an amino acid sequence rich in c-aminoisobutyric acd, a protected amino

terminus, and a C-terminal amino alcohol, such as leucinol” phenylalaninol® o

7 a) Rebuffat, $.; Pngent, Y., Auvin-Guette, C, Bodo, B. Eur J Biochem 1991, 201,661 b) Auwm
Guette, C.; Rebuffat, S , Pngent, Y , Bodo, B J Am. Chem. Soc. 1992, 14,2170 ¢) Matsura, K,
Yesilada, A.; lida, A.; Takaishm, Y , Kana, M |, Fujita, ‘1 J. Chem. Soc. Perkin Trans 11993, 381 ()
Fujita, T.; Wada, $ ; lida, A ; Nishimura, T, Kana, M., Toyama, N. Chem. Pharm Bull. 1994, 42, 489
e) Fujita, T.; Takaishi, Y Shiromoto, I' J Chem. Soc Chem. Comm. 1979, 413

8 ) Pandey, R.C.; Cook, Jr., J C., Rinchart, Jr ., K1. J Am. Chem. Soc. §977, 99, 5205 b) Fupta, | |
Iida, \,; Uesato, S., Takaish, Y , Shingu. I , Saito, M, Monta, M. J. Antibior. 1988, 41,814 ¢) hda, A .
Okuda, M., Uesato, S., Takaishu, Y, Shungu, T, Monta, M., bupta, T J. Chem. Soc, Perkin Trans 1
1990, 3249. d) Nagaoka, Y, Inda, A, Fupta, | Chem. Pharm  Bull 1994, 42, 1258 ¢) Huang, O,
Tezuka, Y., Kikuchi, T ; Nishi, .\ , Tubaki, K , Tanaka, K Chem. Pharm. Bull. 19985, 43,223 ) Pandey,
R.C: Cook. Jr., J.C.; Rinchant, Jr ,K1.. J Am Chem Soc 1977, 99, 8469

7



tryptophanol.”  Alamethicin, tnichopolyn, tnicholongins (3), tnchogin (4). tnchorziamne
(§), emenmuin (6), tnchosponn and tnchodecenins are some cvamples of antibiotic
peptides that belong to the group of peptaibol fungal metabolites. Peptarbols have uriyue
biological activiies such as the formation of voltage-dependent 1on channels! @ and
induction of catccholamine scerction from adrenal chromatfin cells.'! For example, 1t has
heen proposed that alamethiein 1 (7) forms voltage-dependent, 1on channcls via the

aggregation of several molecules.®d

Ac-A1b-Gly-Phe- A1b-A1b-Gln-Aib- Aib-A1b-Scr-Leu-A1b-Pro-Val-Aib-A1b-GIn-Gln- Lol
Tricholongin Bl (3)

Oc-A1b-Gly-Leu-Ab-Gly-Gly-Leu- A1b-Gly-Ile-Lol
Trichogin A IV (4)

Ac-A1b-Ala-Ala- Aib-Atb-Gln-Aib-Aib-A1b-Ser-Leu-A1b-Pro-Val-Aib-Ie-Gln-Gln-T ol

Trichorzianine A lle (§)

9 Bodo, B.. Rebuffat, S ; El Hagjn, M Davoust. D J. Am. Chern. Soc. 1988, 107, 6011,

104) Mueller, P, Rudin, D. O. Nawre (London), 196 8, 217, 713. b) Sansom, M. S. P. Prog. Biophys.
Mol. Biol. 1991, 55, 139.

) Fotens R L, Lopes, M. G, Garcta-Sancho, J.. Garaa, A\. G FEBS Ler. 1991, 283,89. b)
lachikawa, b, Takahashi, § . Furumachi, K., Kashimoto, T.. hda, .\.; Nagaoka, Y . Fujita, T.; Takaish,
Y Mol Pharmacol. 1991, 40, 790



Ac-Phe-Aib-Arb-Aib-Val-Gly -Leu-Aib-A1b-Hyp-Gln-h a1 1y p-Ab-Phal

Emerimicin 1V (6)

Ac-Aib-Pro-Anb-Ala- Aib-Ala-Giln-A1b-Val-Ab-Gly -Leu-A1b-Pro-V al-Arb-Atb Glu-Gln-
Phol

Alamethicin 1 (7)

1.S§ Project Objectives

In 1978, Lundgren er al. showed that of all the Tolvpocladium species exhibit
antagonistic properties towards other lungy,; T. geodes was lound (o be the stongest
antagonistd In the course of our screening program tor novel fungal metabohites
a\hibiing antitumor acuvity, the T. geodes 1solate LP237 was found to produce
mctabolites exhibiting high levels of cytotonicity and antibactenal activity.  The tocus of
this research project was the 1solation of biologically active metabolites from this culture.
[n addition to the complete separation and purification of cach metabolite from the crude
peptide mivture, NMR and mass spectral analysis lead to the structure determunation of
three metabolites, which proved to be novel nawral products belonging to the family of
peptaibols. Preliminary assessment of the biological activity of these compounds showed

antitumor and antiviral activity.



Chapter 2

ISOLATION _AND PURIFICATION OF PEPTIDES

2.1 Isolation and Purification Scheme

Liquid medium of 2% malt extract was inoculated with actvely growing mycclium
plugs of T. geodes and incubated at 20 °C on a rotary shaker for a period ot 7 days. A
bioassay-guided punification scheme was developed (Figure 2.1) tor the 1solauon of the
entracellular eyvtotonic metabolites of T, geodes produced under these f{ermentation
condiions. The presence of active metabolites tn fractions collected fre cach punfication
step was 1dentified using the SOS Chromotest, a bacterial colonmetric assay which s
widely used as a rehable test for the detection of genotoxic compounds (DNA-damaging

compounds).i?

[2 Review Quillardet, P. and Hofnung, M. Mutation Research , 1993, 297, 235.

l‘"
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LIQUID CULTURE (12L)

&

DIAION HP 20 (6g)

‘Hgo -—» MeOH —» Acetone

SEPHADEX LH 20 (920 mg)
* MeOH

C,s REVERSED PHASE
FLASH COLUMN CHROMATOGRAPHY
(174 mg)
¢ Hzo —»MeOH —» CHzCIz

Cis REVERSED PHASE HPLC

Isocratic elution:

75% MeOH, 15% H,0,
10% CH;CN

(0.1% TFA in all solvents)

METABOLITE 1 (~25 mg)
METABOLITE 2 (~5 mg)
METABOLITE 3 (~15 mg)

Figure 2.1 lsolation Scheme.

11



The fermentation broth was mmitially absorbed onto a column of Diaon HP 20 resin,
which was cluted with a hinear solvent gradient from H20 to MeOH and then to acetone.
This resin has large pores, about 500 - 700 m%g HP!3a, and a hydrophobic surface
character made-up of  styrene-divinylbensence, as seen tn Figure 2.2, This allows the resin
to absorb the hydrophobic part of an organic molecule and to thus separate metabolites
according to theair hydrophobicity. The cytotoxic metabolites cluted from the column with
aqucous McOH (75-100%) and were further parutioned by siz¢ exclusion chromatography
(Scphadex LH-20), using degassed, disulled methanol as the mobile phase.  The exclusion
hmit of Sephades LH 20 particles is equal to a molecular weight of 5000:!3b  thus any
compound above this limit is washed out through the column at the beginning of the

separation, and any metabolite below the limit gets separated according to 1ts size.

([ rr HyC=CHCHy=CH

Figure 2.2 Hydrophobic surface of HP 20.

13 ) Mitsubishi Kaser Corporation, How to Select the Best Type of Synthetic Adsorbent from
"Imaon" and "Sepabeads”, Mistnbuted by Ercon Scienufic, October 1986. b) In Pharmacia Biodirecton
1996, Biotech Uppsala, Sweden, Printed 1n the US A
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Reverse phase, flash column chromatography 14 lead o the isolation of a strongly
cytotonic and genotonic minture of peptides, exhibiting an [Csp value i the mange of 5-10
ng/ml with P388D1 munne lcukemia cells and a posiine SOS Chromotest.  Reyerse phase
(C1g) sihica gel was prepared from normal phase:!S higure 2.3 illustrates the chencal
reaction mvolved in the preparation of Cg reverse phase sthiea gel. Subsequently, the
peptide mixture was absorbed onto the reverse phase sihica and loaded on the column as i
powder. Purification of the mectabolites was accomplished using water, tollowed by a step
gradient through methanol to dichloromethanc.  The solvent gradient used to clute the
compounds from the reverse phase silica gel 1s shown in Appendin A, wheie the more
polar compounds are cluted first and the less polar compounds are cluted at the end of the
step gradient.  The eytotonic miture of peptides cluted from the column with 85% o Q5%
aqueous methanol, and was further purified using high  performance  hqud

chromatography (HPLC).

Mass spectral analysis (discussed in Chapter 3) of the cyiotone mnture ol
peptides, by MALDI and ESI MS, indicated the presence of many different compounds
ranging in molecular weight from m/z 1300-2000.  Scparation of these metabolites by Cy
reversed phase semi-prepacative HPLC, using a solvent mixture of McOH : H20 : McCN
(70:20:10 with 0.1% TFA in all solvents) allowed the isolation of five peptides. At a How
rate of 4 mL/min, metabolites LP237-F5 (2), F6, F7 (3), FR (1) and F9 cluted from the
HPLC column with retention times of 16.4 min, 17.2 min, 20.7 min, 23.6 min and 26.0
min, respectively (Figure 2.4). Each component was further punfted by HPLC a second
time, under the same conditions, 1 order to obtain the purc peptides as white amorphous

solids. At the present tme, the structural assignments of the three main componcents,

14 a)Blunt, J. W, Calder, V. L..: Fenwick. G ), Lake, R. 1., McCombs, J D, Munro, M H (i and
Perry, N. B. J. Nat. Prod. 1987, 50,290 b) Tsaminzos, Y S, Ogilvie, K K and Watson, A K Can J.
Chem. 1992, 70, 2276.

15 Evans, M. B., Dale, A. ID., Liude, € J Chronutograpiua, 1980, /3, 5
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metabohtes 1, 2 and 3. have been completed and those of peptides LP237-F6 and F9 are 1n

Progress.
| l T
Si-OH SiCly S|l—0 — s"\/\/\g
] 8 I Sl
i - 9
Si-OH é‘_o_ s<:l/\/\
| R
Cl
Normal
CH3;0H
0-CH,4
| l 0-cHa
A Sj——0 — Si:\/\/\ﬂ NN
"3 0-Si(CH3)s i—-o - =:| o R
| _O-CH,
Si—0 — s _O-CH;
| | Sl-—O - S
0-8i(CHa)a R
Reversed phase silica gel (CH3)3Si-Cl

Figure 2.3 Preparation of reverse phase silica gel from normal silica gel.
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Figure 2.4 Reverse phase HPLC chromatogram of 7. geodes LP 237
peptide mixture.
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Chapter 3

STRUCTURE DETERMINATION OF METABOLITES
LP237-FS, LP237-F7 AND_ LP237-F8

3.1 Introduction

The previous chapter provided  details on how chromatography was used as a
principal means by which biologically active components of a peptide mixture were
partitioned according to their size and their polanty. The focus of this chapter 1s the use of
spectroscopic technigues to idenufy the active metabolites of 7. geodes LP 237 1solate.
Spectroscopy constitutes a set of techmques that measure the response of a molecule to the
input of energy. The resulting spectrum 1s a series of signals that show the magnitude of
the interaction of a compound as a function of the incident cnergy. The energy source can
be optical photons, as 1n ultraviolet, visible and infrared spectroscopy, or radio-frequency
cncrgy, as in nuclear magnetic resonance spectroscopy (NMR).19 A somewhat different
technique 1s mass spectrometry, where the mass of ions formed 1s determined when
molecuies are bombarded with high encrgy clectrons, as in clectron impact iomzation,!”?
More reeently, the application of new techniques such as matnx-assisted laser desorption
ionizauon (MALDI), which 1s based on laser desorption of organic ions, and electrospray
tonzation (ESI), where highly charged droplets are dispersed from a capillary 1n a strong

clectne ficld at atmospheric pressure, has made mass spectrometry a valuable tool in the

10 Epe, 8. N In Organic Chemnstry, Second Edition, 1) C. Heath and Co , Toronto, Canada, 1989,
pp 376-418.

7 Ibid 16, pp 864-887
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determination of brological molecules with larger molecular weights and more compley

structures.

3.2 Mass Spectrometry

Mass spectrometry consists in weighing  individual molecules by transtorming
them into ions and then measuring the response of their trygectones 1o clectne and magnetic
ficlds or both.!7 A mass spectrum is obtained by converting components of a sample 1into
rapidly moving gascous 10ns and resoly ing them on the basts of therr mass-to-charge ratio
(m/z).'7 Autempts to increasce the sensitivity and accuracy of this method to the analysis of
larger organic biomolecules have resulted in the development of clectrospray and laser
desorption iontzation techniques. Prior to FAB (fast atom bombardment), MALDI (matniy-
assisted laser desorption/iomzation) and ESI (clectrospray 1onization), the transtormation
of large molecules 1nto gas-phasce ions was very difficult and frustrating.  The mayon

concern was the inevitable decomposition of the molecules after vaponization.

The first of these techmiques, FAB, uses becams of ncutral atoms o 1oniz¢
compounds from the surface of a liqud matrix, such as glycerol.  In a condensed state,
samples are 1omzed by bombardment with energetic xenon or argon atoms.!®  Part of a
desorption process, both positive and negative analyte 1ons arc sputtered from the surface
of the sample. A beam of fast atoms 1s obtained by passing aceelerated ions of argon or
xenon from an ion gun through a chamber contaimng argon or xenon atoms at relatively
high pressure. Speeding ions undergo an electron exchange reaction with the lower energy

atoms in which charge neutralization occurs without substantial loss of mmual kinctic

I8 Rinehart, K L Science, 1982, 218, 254
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cnergy. Thus a beam of energetic atoms 15 formed. FAB of organic compounds usually

produces significant amounts of the parention as well as 1on fragments.18

In ESI, highly charged droplets are dispersed from a capillary 1in a strong clectric
frcld at atmosphenc pressure. ! Heat and/or dry gas are applhied to the droplets o help
evaporate the sohvent.  Muluply charged 1ons expelled trom the droplets dunng the
cvaporation process are then drawn towards an inlet that admits them into the vacuum
region of the spectrometer. An ESI mass spectrum of a large molecule 1s characterized by a
series of peaks caused by 1ons carrving different numbers of charges and thus cxhibiting

ditferent mass-to-charge values.!”

MALDI 1s bascd on laser desorption of organic ions. The matrin used in MALDI 1s
believed 1o function as a mcans of absorption of cnergy from the laser to prevent
decompostition of the species analyzed, as well as a way to 1solate biomolecules from cach
other to avoid aggregation that might otherwise interfere with analyses.2Y  Unlike ESI,

MALDI typically produces primanly singly charged ons.

In MS, individual ions arc examined based on the atomic mass of indiyidual
1sotopes.  In low resolution mass spectrometry, the accuracy of the m/z can be measured to
0.2 mass units whereas in high resolution mass spectroscopy the accuracy of the m/z can

be measured to 0.0001 mass units.

19 4) kenn. J B, Mann, M, Meng, C. K. Wong. S I, Whitehouse, C M Science, 1989, 246. 64 b)
Dole, M, Mack, I. L., Hines, R 1., Mobley, R C | Ferguson, 1. D.; Alice, M. B J. Chem. Phys.
1968, 49, 2240,

20y oungquist, R 8, Fuentes, G R, Lacey, M.P, Keough, T Rapid Commun. Mass Spec. 1994,
8,77 by Daws, PO | Karr, D. E.. Simonsich, W J, Wu, D T. Macromol. 1998, 28, 1229 «¢)
Hillenkamp, I+, Karas, M., Beavis, R €, Chait. B 1" Anal. Chem. 1991, 63, 1193
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3.3 Nuclear Magnetic Resonance

Nuclear magnetic resonance 1s perhaps the most valuable spectroscopie techmigue
avatlable 1o organic chemusts, which can provide a complete picture o the carbon-hydiogen
tramew ork of an organic molecule. 1D and 2D NMR analysis was used extensinely i the
structural assignment of the three peptides produced by 7. geodes. Among these, HMBC,
HMQC, NOESY, COSY and DEPT were of valuable assistance n the stiucture

determination of all three compounds and will be discussed i the following sections.

3.4 Structural Determination of Metabolite LP 237-F8 (1)

Both MALDI and FAB MS of mctabohite 1 suggested a molecular tormula of
CosH 10N 14015 [IMALDI MS m/z 1348.4 (M+Na)*t, FAB MS (NBA+NaCl mattin) mi/:
1347.74 (M+Na)*t, calculated mass for CesHjosNi4O1sNa 1347801, A strong
absorption at 1649 cm-1, together with an absorption at 3436 cm ! and 1541 ¢cm !, the
IR spectrum suggested the presence of a peptide hnkage along with an intermolecularly
hydrogen-bonded alcohol (3329 em-!) or a primary amide. The presence of 14 amide or
ester moieties was confirmed by 13C NMR (125 MHz). Complete actd hydrolysis and
amino acid analysis?! of LP237-F8 (1) indicated the presence of Phe, Ala, Pro and Gl in
arato of 1:1:1:3. In amino acid analysis, a strong cation exchange column atlows the
acidic and straight chain hydroxy amino acids, such as Ser, Glu, Asp and Thr, 1o be cluted
first, followed by the clution of small and neutral amino acids and hnally basic and

modified amino acids.  GIx is the notation used to sigmfy the presence of 4 Glu or Gin

21 Spackman, D. I Stein, W I, Moore, S Anal. Chem 1988, 30, 1190
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unit, but not a Gly umt. Both Glu and Gin clute at the same ume, thus there 15 no
distinction between the two in amino acid analysis.  Quantitative determination s done
automatically by an instrument as it records the ninhydrin color value of the cluents of the
10n exchange columns. A synthetic minture of amino actds 1s injected nto the instrument

and 15 used as a standard.

Metabolite T was resistant to methylation with diazomethane and gave a negative
ninhydrin test, suggesting the absence of free carboxyl and amino  functionalities.
Methylation of carboxyhe actds 1s commonly done using diazomethane with sigmificantly
high viclds at room temperature.  The overall reaction 1s shown in Figure 3.1
Diazomethanc also reacts with phenols to give the methylated product under relatiy ely mild

conditions. 22

.6 RCOO
H,C=N=N ~ + RCOOH ——————»Hsc—ﬁsu, ————» RCOOCH;

SNI or
)

Figure 3.1 The diazomethane reaction with carboxylic acids.

The 'H NMR (500 MH/) of 1 1n DMSO-dg, (Table 1) (Figure 3.2) clearly showed
the presence of 16 NH resonances 1n the downficld region of the spectrum which are
c\changeable in CD30D (NH 0 6.6-8.8, overlapping aromatic protons of Phe o 7.16-

7.22).

22 March, ) In Advanced Orgame Reactions, Fourth Ldition, John Wiley & Sons, Inc New York. U SA.,
1992, ppIRR-HUX)

20



"Lﬁ,

e I R N e

Figure 3.2 !H spectrum of LP237-F8 (1).
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Chemical shift assignments tor cach amino acid unit were based on the combined
IH, 13C, COSY, DEPT, HMQC and HMBC NMR data (Table 1). For example, coupling
ol the «-H to the NH resonance of Phe (0 4.35 to 7.81), Ala (b 4.02 to 7.53), GIx (O
3.93 10 7.79), 7GIx (6 3.90 10 7.75), G\ (d 3.82 to 7.57) and lcucinol (Lol, b 3.77 to
0.65) were clearly observed in the COSY spectrum. COSY ., correlation spectroscopy, 18 @
homonuclea: shift experniment in which protons are correlated to other protons on adjacent
carbons duc to J coupling between the two. Three other NH resonances at o 6.76, 6.80
and 6.82 were observed which were coupled to those at & ~7.16, 7.27 and 7.27
respectinely and showed posiive NOE  cffects (nuclear Overhauser effect, 15 a
phenomenon which occurs between two spatially close protons when one of these protons
15 saturated by iradiation and the signal strength of the other 1s increased) on the y-CHa
resonances of the GIx umts. Thus, these resonances were assigned to eNHa moretics of
Gln units, cstabhishing the idenuity of the three Gly units of LP237-F8 (1).  Further
analyses of the NMR data of 1 revealed the presence of one ammo alcohol unit, leucinol
(Lol), and three «-aminoisobutyric acid unmits (A1b), both of which are commonly found 1n

peptarbol metabolites.

Based on the amino acid analysis and the overall MS and NMR spectral data of
LP237-F8 (1), the uncquivocal assignment of most amino acid units was achieved. The
structural identity of the novel a-ethylnorvaline umt (EtNor, a-amino-w-ethyl-n-pentanoic
acud) and the octyl fatty acd chain (Oc) proved to be the more challenging aspect of the
structural assignment of metabolite 1. Imtially, two plausible structures were considered:
(1) the structure contained an EtNor and an Oc chain as shown in Figure 3.3 and (1) an
alternate structure having an isovaline amino acid in the place of the EtNor unit and a
decanoyl fatty acid in the place of Oc. However, the alternate structure (II) was rejected
after further analysis of the NMR data. For cxample. the IH NMR of LP237-F8 (Figure

3.1) clearly showed a total of five shielded methyl groups: four methyls between o 0.76-

21
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(.81, (assigned to the 2 0-CH3 of Lol, the CR-CHz of Oc and the 0-CH3y of EiNo) and 4
fifth methy | at 6 0.696 (assigned to the y'-CHj3 of EtNor). The evpected chemeal stuft of
a methy] group attached 10 an «-carbon, as 1in the case of sovaline, would be at & ~1 3-
1.4, whereas that of metabohie 115 at d ~0.8, consistent with the presence ot the n-propyl
group tn EtNor. The methy ] group of the fatty acid chain (C8-Oc) and the d-CHi ot EtNo
ncarly overlap at & ~0.80 and they are both coupled to methslene protons at & 1.20-1.25; a
chemical shift of & ~1.25 was assigned to the y-CHa of EtNor based on the COSY and
NOESY NMR data. NOESY 15 a two-dimensional expenment, analogous to the one
dimensional transient NOE. [t is a proton to proton correlatton according to the spatial
arrangement of the molecule. Protons up to 5 A i proumuty to cach other may be
correlated using NOESY. The HMBC (heteronucicar muluple bond correlation) spectium
of 1 showe clear corrclation between the y'-CHj and 1ts neighboring methylene carbon
(B'-C) at & 26.09, as well as the quaternary «-carbon at & 5874, Neither ol the (wo
methyls at & ~C.8 show a correlation to the same guaternary carbon, which strongly
suggests (but does not prove) that those two methyls are located on carbon chains longet
than an cthyl group. HMBC, as well as HMQC (heteronuclicar muluple quantum
correlation), are two-dimensional experiments in which protons are correlated to carbons

due o J coupling, J1 for HMQC and J2 J3 for HMBC.

Although distinct HMQC and HMBC NMR correlations between the protons and
carbons of the propyl chain were somewhat difhicult o confirm duc to extensinve
overlapping of signals, the observed data were consistent with the propased presence of an
EtNor umt, located between 3GIn and SAib.  Carcful examination of the NOESY data
associated with the EtNor unit showed NOE corrclations between the d-CHy and the y'-
CH3, further suggesting that these two shielded methyls are part of the same amino acid.
The presence of NOE correlations between the y'-CHj3 of EtNor and its nesghboning

protons f-CHa (b 1.31), B'-CHa (b 1.63 & 2.187) and 8-CHj (b 0.795) were clearly
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obseried. Finally, the EtNor-NH (d 7.45) displays NOE interactions with neighboring
NH groups (}Gln and SAib), the «-H of 3Gln and some of the other protons within the
EtNor umt.  Thus, the structure of an «-amino-ce-cthyl-n-pentanoic acid umit (ce-
cthylnonaline, EtNor) was confirmed by the combined NMR data.  This amino acid 1s
cxeeedingly rare, found only in extraterrestnal sediments such as Murchison meteorite?+ [t
has also been synthesized and shown to be a competitiv ¢ inhibitor of methionine.>3 To our

hnowledge, EtNor has not been previously reported as a constituent of a natural product.

Finally, the presence ol an octanoyl (Oc) moiety at the N-terminal of the peptide
was confirmed by the NMR data. DEPT NMR analysis 0 1, indicated the presence of 17
CHb [including the -CH2-OH of Lol (b 64.11) ], and 11 CHj carbons; the chemical shifts
of the overlapping 13C resonances (-CHa- resonances of Oc overlapping at & 1.17-1.22
were wdentified from the HMQC and HMBC ecvperiments.  DEPT  (distoruonless
cnhancement by polanzation transfer) 1s an experiment where carbons can be categorized
according to the number of protons bonded to them, giving a clear picture as to the number

of CH, CHa and CH3 groups in a molecule.

The sequence assignment of the peptide backbone was based primarily on the
NOESY NMR data (Figure 3.3). Strong NOE cffects were observed between amide
protons and the «-protons of netghborning residues and also between amide protons and the

side chains of the neighbonng amino acids (f-, y- and d-protons) (Figure 3.3).

H Cronm, ] R ; Pwzarello, S, Geochun. Cosmochim. Acta, 1986, 50, 2419

35 Absre, C J Planet. G J. Med Chem. 1972, 15, 226
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Figure 3.3 Structure of LP237-F8 (1) and NOEs observed in the NOESY
NMR experiment.

3.5 Structure determination of Metabolite LP237-F5 (2)

Both MALDI and FAB MS of metabolite 2 suggested a molecular formula of
CesH108N 14016 [MALDI MS (2,5-dihydrovy benzote acid + NaCl or 1aCl matnxy m/z
1365.1 (M+Na)* and 1347.8 (M+L1)*, FAB MS (NBA+NaCl matnx) m/; 1363.5
(M+Na)*, calculated mass for CosH N 13016Na = 1363.8].  [iCl was used as a
competing catiomzing agent with Nat and K+ which are naturally found in the matny,

sample or on the sample shde.



The NMR spectral data of metabohite LP237-F5 (2) were ey similar to those ol
the previously assigned peptaibol LP237-FX (1). However, metabolite 2 could casily be
methy lated with diazomethanc [MALDI MS (2,5-dihydrony benzore acid + LiCl matriy)
m/z 1362.5 (M+Ln)*| whercas metabolite 1 was resistant to methylation under the samc
rcaction condittons. Based on the NMR data, the difference 1n reactivity towards CHaN2
obsenved between 1 and 2 was attnibuted to the presence of a Tyrunit in 2 as opposed to a
Phe unitin 1. Complete acid hydrolysis of peptide 2 and amino acid analysis comtirmed

the presence of the amino acid Tyr, inadditton to Ala, Pro and GIX in a rauo of 1:1:1:3.

The 'H NMR spectrum (500 MHZz in DMSO-de) of 2 showed the presence of 21
resonancees 1n the downficld region (Table 2, Figure 3.4). The two doublets at & 6.60 and
0.96 (J =83 Hz, 232H) and the singlet at 6 9.18 (OH) were assigned to the Tyr umt. All
ol the remaning downtield protons could be exchanged in CD30D and they were assigned
to 16 NH protons. The COSY NMR of 2 showed coupling between the NH resonances at
0 6.76, 6.R0, 6.82 and those at 7.16, 7.27, 7.27, respectively (Figure 3.4). Thus, these
signals were assigned to three e-NH2 groups of Gln. From the combined 'H and COSY
NMR data {Table 2), the «-H and the backbone NH protons could casily be assigned for
the Tyr (0 4.22, 7.73), Ala (0 4.01, 7.52), 6GIn (b 3.92, 7.78), 7GIn (b 3.89, 7.73), 3GIn
(d 3.81, 7.57) and Lol (d 3.76, 6.65) units (Figurc 3.4).

The remaining chemical shifts of cach amino acid were assigned based on the
combined 'H, COSY, HMQC, HMBC and NOESY NMR data (Table 2). For example,
coupling between the NH (d 6.65) of Lol, the a-H resonance (d 3.76) and the two non-
cquivalent -CH»>OH protons (0 3.23 & 3.14) was clearly observed 1n the COSY NMR

spectrum of metabolite 2. The chemucal shif'ts of the corresponding carbons were asstgned



from the HMQC spectrum at & 4R.77 (-C) and 6438 (-CH20HD.2T  Furthermore,
coupling between the «-H resonance and the two B-H (0 ~1.30), as well as between the
two 0-CH3 groups (0 ~0.78), the B-H (0 ~1.30) and the y-H (0 ~1.58), was also obsenved
in the COSY spectrum of 2. The }3C chemical shilts of the B-CHa (d 40.15) and the y-CH
(& ~25.4) were obtained from the HMQC data, whereas the 13C shitts tor the two 3-Cly

groups (d 23.6 & 21.9) were obtained from the HMBC sprctrum. =7

The order of the amino acid sequence of peptide 2 was based primanly on the
NOESY NMR data (Figurc 3.5). Strong NOE citects were observed between the
backbone amide protons and the «-protons of neighboring residues and also between

amide protons and the side chains of the neighboring amino acids.

27 Puc to the very small amount of available matenal of metabolite 2 (-2 mg) a directly observed Fe-
NMR spectrum was not obtained  Howeser, the 11, COS Y, HMQOC, HMBC and NOESY NMR datas of 2
was similar to that of metabolite 1 and consistent with the proposed structure
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Figure 3.4 COSY NMR spectrum (NH and a-H region) of LP237-F5 (500
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Figure 3.5 Structure of LP237-F5 (2) and NOEs observed in the NOESY
NMR spectrum.



3.6 Structure determination of Metabolite LP237-F7 (3)

FAB MS of mectabolite 3 suggested a molecular formula of CegH 106N 14015
[(NBA+NaCl matnx) m/z; 1333.8 (M+Na)*, calculated mass for CogH N 14015Na =
[333.7859]. Amino acid analysis of 3 indicated the presence of the same common amino
acid umits as 1n metabolite 1, Phe, Ala, Pro and GIx ina ratio of 1:1:1:3. Metabolite 3 was
also resistant to methylation with diazomethance, suggesting the absence of free carbozyl or

phenolic functionalitics.

The 'H NMR spectrum of metabolite LP237-F8 (3) was disuinctly different from
that of metabolite 1 in the upficld methyl region; a total of three methyl signals were
observed at & 0.7-0.9 1n 3 as opposed to five in metabolite 1. The two overlapping
doublets observed (0 0.887 & 0.893) were assigned to the two dCH3 of Lol, and a triplet
(b .863) was assigned to the terminal methyl of the fauty acid unit. Thus, it was assumed
that metabohitc 3 did not contn the unusual amino actd EtNor which was found in | and
2. This assumption was turther supported by the absence of the expected correlations 1n
the COSY spectrum of 3 between the methyl region and the methylene region  for the
EtNor unit, as had been obscrved previously in the COSY spectum of metabolite 1.
Furthcrmore, a total of cight singlets due to methyls of Aib units (& 2x1.409, 1.458,
1.470, 1.474, 1.535, 1.539 & 1.6(M4) were observed in the 'H spectrum of 3. In order to
account for: (a) the similaritics 1n the spectral data between 1 and 3, (b) the difference 1n
mass Of 14 units, (¢) the loss of the EtNor unit (C7H3NO, MW=127) and (d) the addition
of a fourth Aib umt (C4H7NO, MW=8S), it was proposed that peptide 3 contuns a
decanoy! (Dee) fatty acid instcad of the Oc unit found 1n peptides 1 and 2. The
overlapping of many -CH2- resonances in the IH NMR spectum of 3 did not permit exact

chemical shift assignments for the Dec umit to be made, however, the presence of this unit
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was confirmed from the 13C and HMQC NMR data of this metabolite,.  The renuming
amino acid umits of peptide 3 were dentical o those of peptide 1, and their chenical shaft
assignments (Table 3) were consistent with the NMR data; the combined NMR data from
the 'H, 13C, COSY. HMQC. HMBC, TOCSY. ROESY and NOESY spectra were used (o
confirm the proposed structural assignment.  Two-dimensional ROESY . rotating-trame
Overhauser cnhancement  spectroscopy, s an - expenimental NMR  techmque  which
measures homonuclear NOE clfects under spin-loched condttions,  TOCSY, totally
correlated spectroscopy, generales a two-dimensional spectrum, where cross peaks exist
between all the spins in a coupled system. This contrasts with COSY, where only cross

peaks between spins that are directly coupled to cach other are scen.

3.7 Conclusion

The structure of the main component in this mizture of peptides, antibotie 1.P237-
F8 (1), as well as the details on the 1solation of several cytotonic peptides lrom the hquid
culture of 7. geodes LP237 and the structure clucidation of two other metabolites, 1.P237-
F5 (2) and F7 (3) has been described above. The complete TH and 13C chenucal shutt
assignments were achicved by extensive high-ficld 1D and 2D NMR  spectroscopy.
Metabolites 2 and 3 are structurally related to metabolite 1 (Figure 3.6). All three peptides
(1, 2 and 3) have both the N- and C-terminals protected with a short fatty acid umt and the
amino alcohol leucinol (Lol), respectively. They contain common amino acids such as
Ala, Phe or Tyr, Pro and GlIn and the unusual amino acid a-aminoisobutyric acid (Aib),
commonly found in peptaibols. Peptides 1 and 2 also contan the amino acid ¢-amino-c-
cthyl-n-pentanoic acid (a-ethylnorvaline, «-EtNor), which hss not been  previously

reported as a constituent of a natural product. Metabohites LP237-F5 (1), F7 (2) and I8

31



(3) are novel hincar pepudes belonging to the family of natural products known as

peptaibols.
4aib
or
4EtNor 3Gln
SAib O
2ma
1L
H
N
Gin »_/\F
H
7Gln »_ﬁk\_o
3 \%
H
8 10 12 12
Aib Pro Maib Oc or “Dec

R3  9%he or ®Tyr
LP237-F8 (1), R; =Et, Ry = nPr(EtNor), R3 = H (Phe), n=4(Oc)

LP237-F5(2), Ry =Et, R; = nPr(EtNor), R3=OH (Tyr), n=4(Oc)

LP237-F7 (3), Ry = Ry = Me (Aib), Ry =H (Phe), n =6 (Dec)

Figure 3.6 Peptaibol metabolites of T. geodes.



Table 1. 'H (500 MHz) and !3C (125 MHz) NMR data of 1 in DMSO-d,

Assignment  13C () TH (M mt, mult, J (H2)
Lol « 48.83 RN [H. m

B 40.32 | 31923 2H, m

Y 25.51 1568 [H. m

d 23.61 & 21.99 0.775 & 0.793 UL L S =063 0= 68

CH»-OH 66.09 324 & 3.244 2t m

OH 4411 I 1L /=586

NH 6.655 [H,d, J=9 31
2Ala « 49.80 4015 tH, m

B 17.59 1.259 3. d, /=73

CcO 172.1723b

NH 7.526 IH.d, /=723
3GIn « 54.84 3.817 1, m

B 26.54 1.98920a & | 92920 2H m

v 31.67 220023 & 2 1962% 2 m

> CO 174.0123b

eNH> 6.759 & 7.163 21, br.s

CO 172.1723b

NH 7.575 IH,d, /=54
+1-EtNor

7 58.75

B 30.57 1.31024a 2H, m

Y 22.68 1.3022a 2H. m

d 14.22 ().79524u 3H L, /=068

co 176.8123b

NH 7.447 1H, s

p' 26.54 2187 & 1.6282%4  2H m

Y 7.33 0.696 3H, 1, /=75
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YAlh 56.28
3 23.17 1.287 3H. s
3 26.39 1.347 3H. &
O 175.5123b
NH 7.925 IH, «
0GIn < 55.57 3.933 IH, m
;3 26.54 1.97225u 2H. m
Y 31.82 2196294 & 2 10120a 2H m
dCO 174.0123b
¢ NHa 6.802 & 7.266 2H, br. s
cO 173.6623b
NH 7.785 IH.d, J=6.6
TGln <« 55.57 3.899 IH, dt,J = 59,83
B 26.54 1.91223a 2H. m
v 31.82 218724 2H, m
o CO 174.01236
¢ NHa 6.819 & 7.275 2H, br. s
CcO 175.8724b
NH 7.748 IH, d,/J=5.4
BAIb 56.14
B 23.76 1.347 3H, s
B 26.25 1.466 3H.s
CO 175.7023b
NH 7.580 1H, s
Phe « 55.72 4.351 IH, ddd, J = 11.2,8.3, 49
B 36.36 3210039 & 2883 2H, m & dd, J=13.7, 11.2
| 137.61



26 128.87 7.180 2H. m
3.5 128.03 7.222a 2Hom
4 126.34 7.16 IH, m
q¢ 1 75.8R25b
NH 7.805 TH, d, /=83
10Pro « 64,70 4191 IH 1, /=75
p 28.59 2015, 1.216 2H, m
] 2581 1.637, 1.731 2H, m
h} 839 3.6099, 3.278 2, m
cO 1729123
A « 56.14
B 23.02 1.314 3H, «
i 26.69 [.308 3H, S
Co 173.2823b
NH 8.786 1, s
120¢ CO-1' 174.2123b
2! 35.00 2.26 2H,m
3 25.68 1.64 2H,m
4 29.06 1.22 2H, m
5 29.06 1.22 2H, m
6' 31.41 .17 2H, m
7 22.3] 118 2, m
8 14.02 (.81 3H, ot

2 .
23 a pye o erlapping resonances n TP NAR spectrum ol metabolite 1, the exact chermeal shatt for cach
proton could not be determined, the s alues given were obtauned from the HMOQC or HMBC data

b Chemical shift assignment was based on the HMBC NMR data
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Table 2. 'H (500 MHz) and '3C (12§ MHz) NMR data of 2 in DMSO-d¢

Assignment

Mol o
B
Y
0
Ctix-OH
NH

Al «
3
NH

3GIn, 6GIn, 7Gin

(94

NH

teNH2

| 3C26b ()

48.77
40.00
25.44
2356 & 21.92
66.009

49.59
17.59

0
4
2
27.42-27.57
32.70
32.99
33.14

YA 'h 'ha
Sk
o> X

TH (o)

3.760

1.309

1.5726a
(.7726d

3.124 & 3.244
6.652

4.012
1.259
7.522

3.805
3.922
3.886

1.98-1,9326a
2.1-2.426a

7.568
7.730
7.775
6.763 & 7.156
6.802 & 7.265
6.823 & 7.265

IH, m

2H, m

IH. m

2\3H, d

2H. m

IH, d, /=93 Hy

IH, m
3H,d,/J=73
IH. 4.J=73

IH, m
IH, m
IH,m
2H, m
2H, m

1H,d, J=54

2H, br.s
2H, br.s
2H, br.s

26 d }xaet chemical shufts could not be determined due ov erfapping resonances in H NMR spectrum .
 Chenucal shaft assymmment was based on the HMQC or HIVMBC NMR data; carbonyl and quaternary
carbons could not be observed.



4-EtNor

1 600.27

B 30.35 1.2926a 2. m

v 32.99 1.2926a 2H. m

d 13.97 (0.8126d 3 L= 68
NH 7.433 TH, «

B' 26.54 219260 & 161260 2, m

Y 7.12 0,604 M. J=75

5A|b. xAlb, Haib

«t 56.1-56.3
B 25.6 & 26.6 1.30 & 1.35 2\3H,
26.2 & 26.0 135 & 1.40
<24 & 26.0 129 & 1.39
NH 7.550 L S
7918
8.798
Tyr
« 56.44 4218 1H, m
B 35.34 3.060 & 2.778 2H, m
2.6 129.8 6.966 M, d, /=83
3.5 116.6 6.607 2H.d. /=83
4 —
NH 7.7326a L
10pro
@ 63.01 4.192 IH, (,J=7.5
B 29.62 2.027, 1.291 2H, m
y 26.83 1.6826a  17526a  2H m
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Assignment  13C (d) 'H (d) nt, mult, J (Hz)

Py 48.49 3.698, 3302 2H. m
'2()(‘

2 35.07 2.25 2H, m

3 25,68 [.66 2H. m

4.8, 6,7 29031.5 1.1726a.1.2226a  &H m

R 14.02 ().80260 3H, t

3R



Table 3. 'H (600 MHz) and !3C (150 MHz) NMR data of 3 in DMSO-d

Assignment

CH2-OH
NH

ZAla
]
CcoO
NH

3Gin, €Gin, 7Gin
-6
-7
«-3
-6
B-7
B-3
y-6
v-7
y-3
o CO
eNH»
CO
NH-6
NH-7
NH-3

4841

3091
23.9828¢
21.558 23.30
6-1.06

49.26
17.13
171.728b

‘A
‘N

.01
.M

54.45
25.928b

)
9]

25.928b
25.928b
31.71
31.35

31.35
~173-17528b

~173-17528b

379
1.3228a
16528
0.8028a

3171 & 3.2728a
(.08

4.039
1.278

7.526

3.93528a

3.92528u

3.826

2.0028a

1.9528a

1.9528a & 2. ()28
210 & 2.22

2.15& 2.21

2.20 & 2.30

6.759 & 7.163

7.81
7.732
7.580

IHL, b m

2L m

1H., m

2\3HLd

2H, dd, J =78 0= 108K
& m

T, d J=921

1N, 4. J=73
3, d,. /=73

1t d, /=73

1H. m
1H, m
IH, m
2H. m
2H, m
2H. m
2H, m
2H, m

2H, m

2H, brs

IH
IH,d, J=5.5
1H,d, /=44



Assignment

13C (d)

4A1b, SAib, BAib, 1TAIb

(¥4

cO

NH-4

NH-5

NH-8

NH-11
Phe

56.02

55.89

55.77

55.77
26.4-25.628b
23.5-22.5928b

~173-17428b

)
N

w
Ll
x 1o
> XX

137.60
128.80
127.97
126.28
175.628b

40

6.72, 6.76 & 6.79
717 & 7.25

1.307
1.335
1.359
1.371
1.397
1.411
1.478

7.505
7.859
7.577
8.771

4.346
3.220 & 2.904

7’)’)
7‘7‘)

7.28

7.8028a

3H, 3s
1H & 2H, &

3H. s
3H. s
6H. s
3H, s
3H. s
3H. s

IH, s
1H, s
IH, s
1H, s

IH, m

2H, dd,J =138, 4.2

2H, m
2H, m
IH, m

IH



Assignment  13C () iH (O int, mult, J (L2

10pro
« 62.49 4.205 M. /=72
B 28.04 202280 12228 2 m
¥ 25.1928¢ 1.65. 1.75 2H. m
d 18.39 3.70, 3.30 2, m
cO 171.728b
12700
CO-1' ~175.128b
2 34.7328d 2.2628d 2H. m
3 ~25.128d 1.6428d 2H, m
4 28.5128d 1.2228d
5 28.5728d 1.2228d
6' 28.5728d 1.1728d
7' 28.7328d 1.1728d
' 31.1128d 1.1728d
9 21.9428d 1.1828d
10’ 13.79 0.81 3H, L, /=71

28 a)Exact chemical shifts could not be determined due to overlapping resonances m VH NMR spectrum
b)Although all of the expected carbony} resonances (a total of 14 signals) were clearly observed in the P
NMR spectrum of metabolite 3, the exact chemical shift of each wmino acad unit could not be assigned due
to extensive overlapping of the correlaton signals in the HMBC spectrum,

¢)Chemical shift assignment could be intcrchanged.

d)Chemical shift assignment was based on the HIMQC NMR spectrum
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Chapter 4

BIOLOGICAL ACTIVITY OF TOLYPOCLADIUM GEODES
LP237 METABOLITES

4.1 Introduction

Preliminary studies on the biological acuvity of LP237-F8, F5 and F7, all 1solated
from T. geodes, as previously deseribed, have revealed that these compounds may
potentially be used someday as anu-cancer drugs. The actvity of the metabolites was
cvaluated using the SOS Chromotest.  In addition, various human and mouse cell lines

were also used to test the antitumor activity of the 7. geodes fungal metabolites.

4.2 The SOS Chromotest:Y

Throughout the vanous chromatographic steps in the isolation scheme which
viclded the LP237 metabolites 1, 2 and 3 biological activity of the fractions collected was
monitored using the SOS Chromotest. This assay is quick and fairly simple, and may be
uscd quantitatively and/or qualitatively. It is a colorimetric assay system for the detection
of DNA-dainaging agents which induce cell filamentation. The test uscs an E-coli strain

(PQ37) which carries a sfid::lacZ fusion and has a deletion for the normal lac region. LacZ

27 a)Review: Quillardet, P and Hofnung, M. Mutation Res. 1993, 297, 235. b)Mamber, S. W;
Okastaskl, W G, Pinter, C D Tunac. ) B Murarion Res. 1986, {71, 83. ¢)Quillardet, P. and
Hofnung. M. Mutation Res. 1985, 147, 65



1s the structural gene for B-galactosidase, w hich 1s now under control of the sfid  gene, an
SOS function invoh ed in cell-dinvision inlubiion. This means that B-galactosidase acuvity
1s stictly dependent on §fiA c\pression.  Developmient of a dark blue color reaction
surrounding the site of sample apphcation, 18 ndicatine of B-galactosidase induction.
Induction of B-galactostdase 1s seen by introducing X-Gal in the medium contiming the PQ
37 cells and the vanous compounds.  X-Gal, 5-bromo-4-chloro-3-indoly - -D-galactoside
(8), 1s a sugar moicty attached to a chromophore which s also a substrate for j3-
galactosidase. When f8-galactosidase 15 activated, 1t cleaves the chromophore fiom the
sugar thus giving-off a blue color.  Scorng of B-galactosidase activity was based upon
the relative size and intensity of the color reaction (0 = negative, +1 = cquinacal,, +2 =
weak posttive, +3 = maoderate positive, +4 = strong positive). A clear inhibiion zone 18
observed within the color zone ff samples are both cytotonie, noted by T, and induce the

SOS response. AZT was used as a control and given a score of +4T at a coneentration ol

250 pg/ml.
Br Cl
0O
N
H
CH,0OH
OH
H
OH H
H H
H OH
X-Gal (8)
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In cach of the chromatographic separations, vanous fractions were collected:
Iractions sconng the highest in the SOS chromotest were paoled together and further
purified. [t was obseryed that the fractions collected after the Cyg reversed-phase silica gel
column scored as high as +3T in the test. These were further punfied by HPLC to yicld
the three metabolites deseribed :n the previous chapter, which were also tested with the
SOS chromotest. Inall three cases, the SOS response changed after punification; although
the purc metabolites were still eytotonice (that s they all scored T), f-galactosidase activity
was given a score of +1 alter HPLC punfication of metabolites LP237-FS and F7, and +2

{or metabolite LP237-FR.

4.3 Determination of 1Csyg

High levels of eytotonicity were observed in assays using P388D1 munne leukemia
cells (1C50 = ~0.5 pg/ml) and a number of human carcinoma cell lines (lung AS49, ovanan
OVCARS3, colon SW620) and brecast MCF7, IC5¢ = 0.2-0.5 pg/ml). Cytotonicity using
murinc lcukemic P388D1 cells was determined by adding different concentrations of
compounds in media.  Cells were incubated at 37°C and were counted after 48 h of
incubation. 1Csq values, concentration necessary to inhibit the growth of 50% of the total
amount of imtial cells, were obtained as % T/c ratios; %T 1s equal to the iotal number of
cells after 48 h of incubation with the test compound minus the amount of imtial cells,
while ¢ 1s equal to the total amount of cells in the control after 48 h minus the amount of

iittal cells. In general, the lower the value of 1Csg, the more effective the drug.

In the assays desceribed above, results concerning the biological activity of LP237

mctabolites F8, FS and F7 have been promising. Initially, the crude mixture had an 1C5()
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value cqual to 0.5 pg'ml on PARED1 munne leukenua cells. After punticaton with the 1H
20 column, the peptude minture exhubited stronger evtotone activity (150 =52 ng'ml).
Punfication with the C g reverse phase column resulted in fractions exhibiing 1Cs50 values
in the 3-5 ng/ml range. The cyvtotonieity  of metabolite 1 (1C50) =~30 pgimbh), 2 (1C50
=~10 ug/ml) and 3 (1C50 =~40 wg/m tow ards P3RED1 munne leukenua cells were much
lower than 1n the minture of peptides. Thercfore, 1t 1s reasonable to assume that the most
potent component of the minture remains to be identified or that there 1 a synergy stic etfeet
associated with the antitumor activity of the minture. s too soon to predict the activity ol
these metabohites. Further testing using the saume techmques, as well as addiional testing
using vanous other types of assays may begin to clanty this issue. The bological activities

of the T. geodes metabolites are currently under investigation,



Chapter 5

EXPERIMENTAL

5.1 Reagents and Chemicals

All chemicals used for the growth and maintenance of the T. geodes cultures, as
well as chemicals used tor the SOS chromotest (malt, yeast extract and agar) were obtwned
from BDH, with the exception of tryptone which was purchased from Difco and X-Gal,
which was purchased from Gold Biotechnology Inc. AZT was used as a control 1n the
SOS Chromotest. Diazald, 2-(2-cthoxyethovy)ethanol, and the Diazald kit were bought
from Aldnch.  All deuterated solvents were purchased from Cambndge Isotopes Inc. and
all. HPLC grade solvents were bought from BDH.  Octadecyltnchlorosilane  and
tetramethylsifane, used for the preparation of reversed-phase silica were obtained from

Aldnch.

5.2 General Methods

iy

.2.1 Spectra:

Nuclear Magnetic Resonance spectra were obtained at 20-22°C using Varian Unity-
500 spectrometer (operating at 499.84 MH/ for 1H and 125.7 MHz for 13C) and Bruker-

AMX 600 MH7 mstrument. 'H and 3C-NMP. chemucal shifts are quoted in ppm and are
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reterenced to the intemal deuterated solvent downtield trom tettamethy islane (TN S)
NOESY cxperiments (hypercomplex phiase mode) were obtuned using a nunving time o
400 and 8O0 ms with Varan's standard pulse program and 256 increments it Zeto-
filled 1n the evolutton domain and hincar prediction to lengthen the evolution domiun were
used to obtun the hinal data size of the 2048 v 2048 compley matny - The HMQC
cypenments with a preceding BIRD nulling penod were used with hypercomplen phase
mode and 13C broadband walt decoupling was applied duning acquisiion ol the proton
spectra. The HMBC expeniment was acquired using sinular conditions (without the null
period and 13C decoupling) and the t delay was set to 100 ms or tong-range coupling.
NOESY cyperiments performed on the Bruker AMX-600 spectrometer were obtined using
a mining ame of 300 ms using Bruker's standard pulse program, 256 inctements i (1, and
a 2048 \ 2048 compley matniy. The HMQC and HMBC NMR spectra wete acquired using

Bruker's standard pulse programs tor these experiments.
p prog pc

All FAB mass spectra were performed using a ZAB-EAF instrument. A Kiatos
Kompact MALDI 3 V -L.0 instrument was used to record all MALDI mass spectia, while all
ES mass spectra were run on a Finnigan SSQ 7(XX). The IR spectrum was obtmned using a
Nicolet, Magna-IR Spectrometer 550. All UV spectra were recorded on a Hewlett Pachard
8452A Diode Array Spectrophotometer instrument. Optical rotations were measured using

a JASCO DIP-140 Digital polanmeter.

5.2.2 Chromatography:

Reverse phase flash column chromatography was camed out on silica gel (Sihea

Gel 60, 70-230 mesh) recacted with n-octadecyl-tnchlorosilane,  C g reverse-phase silica
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gel was prepared following hiterature procedures. Al chromatographic solvents were

fractionally distilled prior to use with the exception of HPLC grade solvents.

5.2.3 HPL.C.

Doubly distlled HaO was hiltered through a 0.45 mm filter membrane and HPLC
grade McOH  and MceCN, were filtered through a 0.5 mm fhlter membrane (Milhpore
Corg., Mississauga, ON) belore they were used in HPLC. All solvents contatned 0.17%
TEA. Analysas and punfication was carmed out on a semi-preparative reverse phase, Cig
column; Waters NOVA-PAK (25 mm « 100 mm, 6mm, 60A) using a Waters instrument
(pump model WOOOEP, UV/VIS detector model M486P, Rheodyne injector).  All retention

umes were automatically recorded from the ure of injection.

§.3 Preparation reversed-phase silica gel

Appronimately 85 g of silica gel was dissolved in 400 ml of carbon tetrachlonde.
To ths solution, 8 ml of octadecyltnchlorosilane was added using an oven-dried needle.
The yellow mixture was allowed to stir at room temperature for 2 h. The solution was then
hiltered through an oven-dned sintered-glass funnel into a SO0 ml flask.  After washing the
filter cake with 2x 200 ml methanol and 2x 200 ml dichloromethane, the powder was
transterred into an oven-dried 500 ml round-bottom flask.  This solid matenal was
dissohved with 300 ml carbon tetrachloride and after adding 8 ml of tetramethylsilane to the

solution, it was ieft to str at room temperature for 2 h. The solution was filtered and



washed with excess dichloromethane. The tilter cakhe was transterred into a clean, oven-

dned 500 ml round-bottom flask and allowed to dry overmght under lugh viacuum

5.4 Preparation of biological media

The growth and maintenance ol the 7. geodes  cultures requires the preparation ol
2% malt soluton and 2% malt agar solution. The 2% malt solution 15 prepared simply by
adding 2 g of malt extract in 100 ml of disulled water while the 2% malt agar solutton s
prepared by adding 2 g of malt extract and 1.5 g of agarin 100 ml of distilled water. Both
solutions need to be sternthized and are therefore autoclaved at 121°C for 20 min. LB broth,
LB agar and 0.87% agar soluttons arc needed during the SOS test. The latter solution need
not be stenle and 1s quickly prepared by adding 0.8 g of agar in 100 ml of distifled water,
The solution 1s heated, using a microwave, until all the agar has dissolved. The 1.B broth
1s prepared by adding 5 g of tryptone, 2.5 g of yeast extract and 5 g of sodium chlornde in
500 ml of disulled water. The solution 1s then autoclaved at 121°C for 20 min. The 1.8

agar media 1s prepared as 15 LB broth with the addition of 6 g of agar betore autoclay ing.

5.5 General extraction of active metabolites

Stock cultures of T. geodes were maintained on 27 malt extract (Dilco) plus 1.5%
agar in slant tubes at 4°C. A small amount of mycchum was used to inoculate 2% malt

cxtract agar plates which were then incubated in the dark, at room temperature for a penod
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of 14 days. Plugs (~15/41ask) of acuvely growing myeehium were used to inoculate 2%
malt extract hiquid medium (635X) ml culture in 3 L flasks). The fermentanion (Tasks were
then incubated at 20°C on a rotary shaker at 120 rpm for 7 days. The mycelium was
removed by filtration, and the resulting filtrate was absorbed onto a Diation HP 20 column
(60 mm \ 25¢m), cluted using a lincar step gradient from 100% HaO to 1007% McOH to
1O acctone, a4t a {low rate of 10 mi/min. The cyvtotonice fractions, which cluted from
~75% aqucous McOH to 1007 McOH, were combined and evaporated to dryness to give
~1.5 g of a brown gum. The active crude was subsequently dissolved in 2-5 ml of McOH,
loaded on a Sephadex LLH-20 column (25 mm \ 100 ¢m) and partitoned 1nto 90 [ractions
(~8ml cuch.)' by cluting with degassed McOH at a flow rate of 0.7 ml/min.  Fractions 22-
30 exhibited strong eytotonice activity (1C50 = 52 ng/ml) and gave a strong positive SOS
Chromotest. These fractions were combined, evaporated to dryness (<230 mg) and further
punfied by ITash column chromatography on a Cyg reverse phase column (20 mm \ 15
cm), using a lincar solvent gradient from 100% H>0 to 100% McOH o 160% CHaCla at a
low rate ol 2mi/min. The active lractions cluted from ~85% aqueous McOH to ~95%
agqucous McOH were strongly cytotonie. These were combined and evaporated to dryness
o give ~40 mg of active matenal, which was further analyzed by semi-preparative Cig
reverse phase HPLC. HPLC punfication of the above cytotoxic crude, using a solvent
minture of McOH : H20 : McCN (70:20:10, with 0.1% TFA in all solvent), allowed the
isolation of five biologically active peptides; two of these metabolites, LP237-F6 and F9,
arc currently under investigation. At a flow rate of 4 ml/min, metabolites 1, 2 and 3 had a
retention time of 23.6, 16.4 and 20.7 1n respectively.  All three peptides were purified by
HPLC for a second time, using the same conditions, in order to isolate the pure compounds
as amorphous white solids (~3.8 mg of 1, ~1.2 mg of 2 and ~6.2 mg of 3). Metabolite |
UV (McOH, nm): max 224, 258. [a]; +9.88 (¢ 0.0016, McOH). NMR data given in
Tablc 1. Metabolite 2 UV (McOH, nm): max 226, 276. {a]p +9.50 (¢ 0.0027, McOH).
NMR data given in Table 2. Metabohte 3 UV (McOH, nm): max 226, 258. [a]p +0.21 (¢
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0.0102. MeOH). NMR data given in Table 2. MS data for all three metabolites and 1R data

for metabolite 1 are reported 1n the discussion.

5.6 Bioassays against E. coli PQ 37 strain

Biological actimity of metabolites 1 and 2 and 3 was determined using the
Escherichia coli SOS Chromoltest. 15 ml of warm LB agar 18 poured into a petri dish (100
\ 15 mm) and allowed to cool. 200 ul of PQ 37 (incubated overnight in 60 ml of LB bioth
in a rotary shaker set at 220 rpm and 37°C) in 3 ml of 0.8 % agar 1s then pouted into the
dish. Wells were then manually cut through the solid agar; 15 ul of cach metabohte and 10
ul of AZT were delivered into the appropriate well. The petn dishes were then incubated al
37°Clor24 h. The next day, 125 pl of X-Gal in 3 ml of 0.8% agar was poured 1 cach
plate and the dishes were incubated at 37°C for 20 min.  Each plate was then scoted

according te the system described 1n the previous chapter.

5.7 Amino acid analysis

Metabolites 1, 2, and 3 were analy/ced for their amino acid contenl. An aiquot of

cach metabolite was injected on a Beckman High Performance Analyzcer, which uthizes a

strong cation exchange column 1n a temperature gradient from 48°C o 65°C at 1°C/min.
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Pnor o injection, each sample 1s hydrolyzed using HCL, and 1t is actually the hy drolysate
which 1s analyzed for the presence of amino acids. With the catiomic exchange column,
acrdic and straight chain hydroxy amino acids are cluted first, followed by small and neutral
amino acids; the basic and modified amino acids are cluted last with an increase 1n

temperature and pH.

5.8 Methylation with Diazomethane

S.8.1 Diavomethane reaction

Dilute samples of  metabolites 1 and 3 were prepared 1n 99% THF and 1% H2O.
Diazomethance was added to cach of the samples until the solutions were saturated with the
methylating agent and the charactenistic yellow color of the diazomethane solution remained

constant. The solutions were left at 25°C overnight and the solvent was evaporated off.

5.8.2 Preparation of diazomethane

For an alcohol-free ethercal solution, 28 ml  of 2-(2-cthoxyethoxy)ethanol was
added to 16 ml of ether and a solution of 5 g of potassium hydroxide in 8 ml of water n a
250 ml round bottom flask. A separatory funnel, containing 10g of Diazald (N-methyl-N-
nitroso-p-toluenesulfonamide) in 90 ml of ether was placed over the reaction vessel. The
reaction fTask was warmed to 65°C using a water bath and the Diazald solution was added
over a period of 30 min.  Preparation of diazomethane was carried out in glassware found

in the Diazald Kit, which 1s a set of disullation glassware with Clear-Seal joints. Plastic

52



tubings with the Diazald Kit, as well as any solvent which may treeze should be avonded, as

sharp cdges of crystals formed may cause an exploston,

Pleasc note that the generation and use of diazomethane 1s a hazardous procedure
Drazald 1s a severe skin imntant and all skin contact should be avorded.  Duzomethane s
extremely toxic and highly irmtating: it has been known to explode as o gas and in solunon,
upon contact with rough surfaces. Protective clothing, safety glasses and gloves should
be worn at all times. All expenmental procedure using diazald and/or druvzomethane should

be done in the fumchood using a safcty shicld.

N
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Appendix A

Elution gradient for reversed phase silica gel column.

FRACTION AMOUNT OF AMOUNT OF AMOUNT OF TOTAL
NUMBER WATER (%) MeOH (%) CH2Cl2 (%) VOLUME

(ml)

] 100 () 0] 100)

2 a5 5 0 100

3 ) 10 0 100

4 8S 15 8 190
5 R0 20 0 106
O 75 25 0 100
7 70 30 0 100
65 35 0 100

9] 60) 40 0 100
10 55 45 0 100
11 50 50 0 100
12 45 55 0 100
13 40 60 0 100
14 35 65 0 100
15 30 70 0 190
16 25 75 0 100
17 20 R0 0 100
IR 15 85 0 100
19 10 90 0 100
20 5 95 0 100
21 0 100 0 100
22 0 50 50 100
2 0 0 100 100



