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HC-toxin, a host-specific toxin produced by Helminthosporium

carbonum, race 1, is a cyclic tetrapeptide, cyclo
(L-Ala-D-Ala-L-Aoe-D-Pro). Ace stands for an unusual amino acid,
2-amino-8-0x0-9,10-epoxydecanoic acid. Except for the epoxide
group, structural features for the toxicity and host-specificity
of HC-toxin were uncertain. Therefore, the contributions of
various structural features to the biological activities of
HC-toxin were investigated by chemical modification of HC-toxin
and by comparing the action of HC-toxin to other naturally
occurring cyclic tetrapeptides containing Aoce.

Two stereoisomers, produced by reduction of the ketone
function in Aoe had no biological activity, suggesting that
HC-toxin requires the ketone group for toxicity as well as the
epoxide group.

A minor toxin in which glycine replaces the D-alanine residue
was isolated. The structure of this minor toxin, called
Gly-HC-toxin, was determined to be cyclo (L-Ala-Gly-L-Ace-D-Pro).
Bioassays indicated that the Gly-HC-~toxin was only

one-thirty-fifth as toxic as HC-toxin, but the toxicity was
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specific for HC-toxin susceptible maize cultivars. Effectively,
the substitution of a hydrogen atom for a methyl group caused a
significant decrease in toxicity. NMR analysis indicated that the
ring conformations of HC-toxin and Gly-HC-toxin were nearly
identical.

The related cyclic tetrapeptides, CYL-2 and chlamydocin were
jsolated and their biological activities determined. Chlamydocin
and CYL-2 were nearly as toxic as HC-toxin against maize.

However, their activities were non-specific. Thus, molecular
features that determine toxicity and cultivar specificity appear
to be different. Specificity may be due to the overall
conformation of the peptide ring.

A chlamydocin analog, containing an alanine residue instead
of a-amino isobutyric acid, residue was isolated and
characterized.

The binding of HC-toxin to a guanosine, GMP and isolated
maize DNA was determined by fluorescence spectroscopy. Changes in
fluorescence indicated that HC-toxin alkylated nucleotides and DNA

non-specifically.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



ii
ACKNOWLEDGMENTS

I should Tike to express my sincere and special thanks to Professor
Herman W. Knoche who stood behind me as an advisor during my graduate
studies. His kindness, unceasing support and unfailing faith, not to
mention his advice, have been a constant source of inspiration and
encouragement.

A particular debt of gratitude goes also to Professor J. M. Daly
for his insightful comments.

To all the supervisory committee members, Drs. R. V. Klucas, Robert
Johnston, J. P. Markwell and L. Lane for their patient reviewing and
invaluable criticisms on my dissertation, I am profoundly grateful.

Along with my particular gratitude to Dr. L. D. Dunkle for
conducting bioassays of toxins, I am very thankful of the following
persons: Drs. Ken Tomer and David McCrery for operating mass
spectrometers; Dr. Steve Danko for helping jsolate DNA and run
fluorescence spectra; and Mr. Mark Pope for providing NMR data for
conformation studies of a glycine-containing HC-toxin and CYL-2.

I am also appreciative of the friends, colleagues, and staff who
helped make my time at the Department of Agricultural Biochemistry
both fruitful and enjoyabie.

Lastly, I wish to extend my deep appreciation to my family for
their patience, moral support and sacrifice during my graduate studies

in Lincoln.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



TABLE OF CONTENTS

TITLE PAGE v.vevveeersoceccacncscasssnsnssscosssssccssancnns i

ACKNOWLEDGMENT ..veiieennnannnnnncaens Ctetereeseroseensenasee ii
TABLE OF CONTENTS ticveeeeecrcasacnccncasecoacaccsnsssssnones iii
LIST OF TABLES tceveveceeceoccsosancaseocsonscracscsasncsacs vi

LIST OF FIGURES vevvevecnceesnsccassssssnssasasnssssssessees Vil

ABBREVIATIONS 4vveeecccanescsooaseccssassonnscccsaasscnans .e X
INTRODUCTION ..oevveecees ceesecscsscnesesecea feessncasons ees 1
LITERATURE REVIEW sevevnuceorecncecnsencsssacccnsane cesecees 5
MATERIALS AND METHODS .cveveecennencaccoocascossssccnnnssnns 12
Preparation of HC-toxin ...cieeeceecncncnccacnceaccnees 12
Isolation of other cyclic tetrapeptides ......ceevveeee 12
Thin layer chromatography .....ceeees cesecesnne ceeseana 13

Detection of epoxy-containing compounds on TLC

Plates .cevecececccccencans cecescscscscssesssevns eeses 13
High performance 1iquid chromatography ....... ceesecsne 14
Nuclear magnetic resonance spectrometry ....... cecsaaes 14
Mass spectrometry ..ceeeecccceccnees taessasasss seansass 14

Alkylation of 4-(p-nitrobenzyl)-pyridine by

toxins and colorimetric analysis ...... cessene cevens 14
Reduction of HC-toxin ....cecceeeeee sassase vassseasss .e 15
Acetylation .....cceeeninnnasss tecsesvevesrsssscssanssae 15
Deacetylation ...... cecssnsanes ceessessecssasasessescss 15

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Preparation of conversion product .......cooeevenaancss 16
Amino acid analysSis c.ecececececcrcscnccccrscsnccansnas 16

Determination of the absolute configuration of

AMINO ACTAS vevevvecncecensncccnsscsssssscansss ceees 16
B10ASSAYS ecocosscecccccsssssasssssssccocccsssascscscnns 17
Isolation of DNA .....ccccnees cscesssecsscocsns cevasaee 18
Alkylation of bionucleophiles by HC-toxin ............. 19
Fluorescence SPeCtrometry .....cceeevccasccscccsccccnns 19

RESULTS AND DISCUSSION .euvecececcsccccansovascsconascsnnanse 20
Preparation of HC-toXin ..civiciecieecenineccnancinnnaces 20
Production of HC-toxin ...cveeececanncese R AR 20
Effect of HC-toxin on amino acid incorporation ........ 23

Fluorometric analysis of DNA alkylation by

Reduction of HC-toxin ....... e cesesveans . 28
Biological activities of reduced HC-toxin

TSOMErS cevesscocscsnccssacssascnns tessseccsscencnee 40
Alkylation by native and reduced HC-toxins ............ 48
Structure determination of a glycine-containing

HC-toxin analog ..... ceseancsssnans Ceeecscsascassnas 51
Biological activity of a glycine-containing analog

of HC-toXin ceceeeeereccccenne ceccasecssecnne ceesess 62
Conformation of a glycine-containing analog of

HC-tOXin oooooooooooooooooooooooooo eessasssesacssnesse 62

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Identification of chlamydocin and its
alanine-containing analog ...ceeeeeveeee cecresacanas 74
Identification of CYL-2, isolated from

Cylindrocladium macroSpOriuM «oeeeceeecccceseonnanns 96

Conformation of CYL=2 .iieiiveenrcecencoceccrcancocsanes 101
Biolegical activities of chlamydocin and CYL-2 ........ 109

Survey of other fungi for epoxy-containing

COMPOUNAS eeveveeecnccccncscsnnossns oo ofd » R - Ch 112
Conclusions and speculations ....eeeeveececnncancannsee 112
REFERENCES vevvveccesoeavcososseasnsssncassssnsssssssssosncs 115

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



TABLE

II

Il

v

VI

VII
VIII
IX

LIST OF TABLES

Root growth inhibition by reduced

vi

PAGE

HC-‘tOXin isomers a8 888080888 COEOISIOERBTOEOIOCEOEIOSIBLTITOETDN

Proton NMR spectral assignments of Gly-
HC-toxin in C0013, relative to Me4Si .....
Temperature coefficients (AG/ATXlOﬁ) of amide
protons of HC-toxin and Gly-HC-toxin .....
Nuclear overhauser Effects for HC-toxin and
Gly-HC-toXin .cceeeaeces G ooeoahosacascscs
Coupling constant (JaNH) of HC-toxin and
Gly-HC-toxin ..ceeeennen P cevessaes .
Temperature coefficients (AG/ATX106) of amide
protons of CYL=2 ...iieveeneeceieccancnans
Nuclear overhauser effects for CYL-2 ........
Coupling constant (JoNH) of CYL-2 ........ ces
Effects of the cyclic tetrapeptides HC-toxin,
chlamydocin, and CYL-2 on electrolyte

leakage from maize seedlings ..... cormoans

......... 73

......... 109

......... 111

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



vii

LIST OF FIGURES

FIGURES PAGE
1 The structure of HC-tOXiN ceveevcvseconnncescscsnncncaaans 3
2  Proton NMR spectrum of HC-toXin ..iceceveiiiiecencnnnccnnscs 22

3 HC-toxin production by Helminthosporium carbonum,

race 1 ...... ceecessessasenane ceeseescssecnses ceeesnas ees 25

4 Effect of HC-toxin on the incorporation of amino

5 Fluorescence excitation spectrum of guanosine

treated with HC-toXin (..veeeiveeecccessoncccasscecnns 30
6 Fluorescence spectrum of poly d(G-C) treated

With HC=tOXiN cceeeceressseaacsccoccassnccacsssaccnnses 32
7 Change in fluorescence of resistant and

susceptible maize DNA by HC-toxin treatment ........... 34
8 Proton NMR spectrum of the reduced derivatives of

HC-t0Xin cieeerennnacennnes cecttiecssenes cessesessssens 37
9 Separation of acetylated derivative of reduced

HC-toxin by high performance liquid chromatography .... 39
10 Proton NMR spectra of acetylated derivative of

HC-toxin isomers Aand B .. ...cocvaaiaenn cesssuee teenae a2
11  Proton NMR spectra of two stereoisomers of reduced

HC-toxin ceieeenecees crencescssessnes cesassecssss cecese 44
12 Alkylation of 4-(p-nitrobenzyl)-pyridine by

HC-toxin and reduced HC-t0OXin .eeeeeeeeeeccccoassansess 90

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



13

14

15

16

17

18

19

20

21

22

23

Thin layer chromatography of epoxy-containing

compounds from Helminthosporium carbonum, race 1 ...... 53

High performance liquid chromatography profile of

a glycine-containing analog of HC-toxin, HC-

conversion product, and HC-toxin ......cueen O -1
Proton NMR spectrum of a glycine-containing analog

of HC-toxin ..eeevonns Geeeetsstveasteresesssseentsrnsue 58
The mass spectrum of a glycine-containing analog of

HC-toxin using fast atom bombardment ..........c..eeen. 61
Collision activated decomposition mass spectrum of

the (M+H)+ ion of a glycine-containing analog of

HC-toxin ....cc.. cereaone cossBaccesanens teesecsssennas 64
Collision activated decomposition mass spectrum of

the m/z 266 ion of a glycine-containing analog

of HC-toxin ......... cesrebscsassnsacone cesseccseansans 68
The structure of a glycine-containing analog of

HC-tOXiN ceeeececaccoccncnas crescee cesesss csesscncssass 70
Separation of cyclic tetrapeptides by thin layer

chromatography tececessecececcctataccacsascascsnscenens 78
Mass spectrum of chlamydocin using fast atom

bombardment ....c.ccccceeenns cecesseascesvenns cecssesnas 80
Collision activated decomposition mass spectrum

of the (M+H)" fon of chlamydocin «.eeeevveviviineannn. 82

Proton NMR spectrum of chlamydocin ......cceveeveeceaneen. . 85

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

viii



24
25

26

27

28

29

30

31

The structure of chlamydoCin ....cececcecncncscccncece vees 87
Mass spectrum of an alanine-containing analog of

chlamydocin using fast atom bombardment ............... 89
Collision activated decomposition mass spectrum

of the (M+H)" ion of an alanine-containing analog

of chlamydocin .......cceuts weessessscssecvesnsoti. o Ul 91
Collision activated decomposition mass spectrum

of the ion at m/z 366 of an alanine-containing

analog of chlamydocin ..........cc..e. . .... M R K
The structure of an alanine-containing analog of

chlamydoCin ..cceeeeacennncens B.... e cecssaccsssacse 96
Mass spectrum of CYL-2 using fast atom

bomMbArdment «..eeeeceesecsccccasossassssssssnssassannns 98
Collision activated decomposition mass spectrum

of the (M+H) ion of CYL-2 ..cuvennn. eeeeerennaaas 101
The structure of CYL-2 ..cvvieieiieneecacroccccsacccsccnns 103

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

ix



ABBREVIATIONS

Abo 2-amino-8-benzyloxyoctanoic acid

Aib a-aminoiscbutyric acid

Aoe 2-amino-8-ox0-9,10-epoxydecanoic acid
CAD collision activated decomposition
CTAB hexadecyltrimethylammonium bromide
DMSO dimethylsulfoxide

EDTA ethylenediaminetetraacetic acid

EI-MS electron ionization mass spectrometry
FAB fast atom bombardment

GMP Guanosine 5'-monophosphate

HPLC high performance 1liquid chromatography
me-Tyr 0-methyltyrosine

NBP 4-(p-nitrobenzyl)-pyridine

NMR nuclear magnetic resonance

Pip pipecolic acid

TLC Thin layer chromatography

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



INTRODUCTION

A major concern of plant pathology is to understand the molecular
basis of disease development and disease resistance in plants.
Obviously,this is a very difficult and complex problem. Progress will
depend on division of the problem into simpler components.

Fungal host-specific toxins are valuable tools in the quest for
these answers, because they cause all the visible and known biochemical
symptoms that are induced in plants by the infecting fungi, without the
complicating interactions between pathogen and host. Studies on the
mode of action of toxins, therefore, have been accorded great promise
for yielding details of the chemical mechanisms of pathogen-induced
stress in plants.

The importance of knowing the structure of a toxin and availability
of highly purified compounds can hardly be overemphasized since they are
necessary for many areas of toxin research. In addition to knowing the
primary structure and conformation of toxin molecules, precise chemical
modification, the synthesis of structurally similar compounds, and iso-
lation of natural analogs may provide clues concerning the interactions
between the toxin and its primary effector site.

The structure of HC-toxin (figure 1), a host-specific toxin produced

by Helminthosporium carbonum, race 1, has been determined to be a cyclic

tetrapeptide, cyclo (L-Ala-D-Ala-L-Aoe-D-Pro), where Aoce is
2-amino-8-ox0-9,10-epoxydecanoic acid (Liesh et al. 1982, Walton et al.
1982, and Pope et al. 1983). However, cyclic tetrapeptides containing
Aoe are not unique to H. carbonum. Cyclic tetrapeptides containing the
unusual amino acid, Aoe and an imino acid, either proline or pipecolic

acid (Pip), have been found in three other fungi. All of tetrapeptides
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Figure 1. The structure of HC-toxin.
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