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activity or a turn of about 180 ~ may be observed. There- 
fore we have again good reason for concluding that all 
the activities of the gravioscilloscope and the systematic 
variations in the ultraoptic orientation of Melolontha are 
a consequence of the continuously shifting of the GWW- 
pattern. 
Magnetically polarized magnetite crystals yielded five 
times surprising results at new moon and full moon. The 
curves indicating the direction of the float at intervals of 5 
to 2 V2 min showed double spikes at the moment when the 
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sun passed a height of +60, 45 and 30 ~ and the moon + or 
-60 ,  45 and 30 ~ The instrument reacts even with a 
torque to differences of less than 0.2 ~ in sunheight and the 
beam of the moon is quite efficient after passing the 
earth. It is a task of future research to decide whether this 
reaction is connected with the cubic lattice of the magne- 
tized magnetite crystal or with geometrical characteristics 
of the gravitational waves. 
A detailed description of the experimental methods and 
results is in preparation. 
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The development of the principles of ultrasonic spectros- 
copy of biological macromolecules, such as nucleic acids, 
was initiated because of the necessity of studying the 
acoustic properties of biological media at the molecular 
level, and because of the opportunity to investigate chem- 
ical and physical reactions with relaxation times compa- 
rable to the period of the ultrasonic waves, viz., 10 -9 to 
10 -7 s. The physical mechanisms of absorption consi- 
dered significant relative to aqueous solutions of nucleic 
acids and their derivatives are: viscoelastic relaxation 11' 17, 
rotational isomerism 2,12.18, proton exchange reac- 
tions 15,22,23, breakdown-formation of hydrogen bonds 7, 
hydration equilibria 16,2~ and base stacking 1~ 18. These 
investigations generally showed that the frequency 
dependencies of the ultrasonic absorption coefficients of 
these solutions exhibit broad distributions of relaxation 
processes in the range 1-100 MHz. This finding imposed 
limitations on the unequivocal interpretation of the ultra- 
sonic absorption mechanisms in biomacromolecular 
solutions and accounts for the predominantly qualitative 

nature of analyses of the spectroscopic data. Never- 
theless, analysis of the experimental material does permit 
us to establish principles and describe the main features 
of these preparations, in the megahertz frequency range. 
An effective approach, which reveals the predominant 
molecular mechanisms contributing to ultrasonic ab- 
sorption in DNA, RNA nucleoside and nucleotide solu- 
tions, involves changing the physicochemical conditions 
of the sample during the acoustic measurements and ena- 
bles the usual correlation between the absorption coeffi- 
cient and particular intramolecular alterations to be esti- 
mated. 
Only for purine nucleoside solutions (adenosine, gua- 
nosine) can the observed relaxation processes be de- 
scribed by single characteristic times, viz., 4.6 x 10 .9 to 
5 X 10 -9 S associated with the reversible transition among 
two rotational forms 2' lz, 19 and 14.6 x 10 -9 S for self-asso- 
ciation of N 6, N6-dimethyladenosine in water (at 25 ~ 
The kinetic constants of the forward and reverse reac- 
tions and the equilibrium constants of syn-anti transition 
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Possible ultrasonic absorption mechanisms and predominant relaxation processes in aqueous solutions of nucleic acids and their derivatives 

Biopolymer Ultrasonic absorption mechanism Relaxation processes 10 7 to 10 .8 

Purine nucleosides (adenosine, guanosine) 

Nucleotides (5'-AMP, 5'-ADP, 5'-ATP) 

Nucleic acids (DNA, RNA, polynucleotides) 

1) Intramolecular transition at glycosidic bond 
2) Self-association of bases 

Proton exchange between base nitrogen, as 
proton acceptor, and phosphate secondary 
groups, as proton donor, prima x = 5.1 5.5 

1) pH < 5: proton transfer between adenine 
and cytosine bases and primary phosphate 
groups, N-P1 exchange, prima x = 3 

2) pH > 9: hydrolytic proton exchange 
N C - C  = 0 + O H - ~ H 2 0  + IN = C-0-,  
prima x = 11.7-11.8 

3) pH = 6.7-7.5: breakdown-formation of 
hydrogen bonds and/or hydration inter- 
actions free water-bound water at 
polynucleotide chains 

Syn-anti transition equilibrium 
Base stacking relaxation 

Relaxation of protolytic equilibrium reaction 

Intramolecular 

Relaxation of protolytic reactions between 
charged groups of macromolecules 

Relaxation of fast processes occuring in 
secondary structure transitions and/or 
biopolymer-solvent equilibria 

glycosidic bonds in the adenosine molecule were first 
calculated using methods of ultrasonic spectroscopy 2. 
The composition of the adenine nucleoside molecule with 
addition of phosphate groups results in the ultrasonic 
absorption mechanism in which proton transfer occurs 
between the secondary acid phosphate, as donor, and the 
protonated nitrogen, as acceptor, in aqueous solutions of 
5'-AMP, 5'-ADP, 5'-ATP, according to the 
scheme 4, 6, ~5, 22, 23 R_PO4H + = N_ I ~ R_PO42+_NIH + _ . 
The demonstrated participation of phosphate groups 
permitted the use of kinetic curves, of ultrasonic absorp- 
tion decrease during the nonenzymatic hydrolysis of 
ADP and ATP, to calculate the apparent ('effective') rate 
constants of these reactions as 0.029 and 0.043 min -~, 
respectively 6. Ultrasonic spectroscopic methods can be 
used not only for determining the kinetic parameters of 
hydrolytic reactions in monomolecular solutions, but 
also for pseudomonomolecular reactions of RNA hydro- 
lysis ~, for which the parameters are significant for 
comprehensive understanding of the biological function- 
ing of these molecules. 
Proton-transfer equilibrium reactions may yield excess 
ultrasonic absorption, of DNA and RNA solutions, only 
at pH extremes 5'14'2~. Absorption in the acid pH range 
below 5 is caused by proton exchange between the base 
nitrogen and the primary phosphate group of the nucleic 
acid N-P1 ~4'2~. In the alkaline pH range, the hydrolytic 
proton-transfer reactions of the lactam groups of the 
bases guanine and thymine (uracil) are responsible for 
absorption maxima at pH 11.7-11.85. The ultrasonic ab- 
sorption in DNA and RNA solutions at neutral pH is 
probably not related to protolytic reactions, but may be 
caused by the participation of the breakdown-formation 
of hydrogen bonds and/or the hydration equilibria, with 
characteristic relaxation time of 10 -6 to 10 8 s 7. Such 
processes may characterize the fast stage in DNA heat 
denaturation; breakdown of the Watson-Crick structure 
when hydrogen bonds become broken, but the polynu- 
cleotide chains remain folded. The other stages in the 
helix-coil transition of DNA denaturation do not cause 
relaxation absorption at ultrasonic frequencies since the 
times required for conformational transitions are several 
orders of magnitude longer than ultrasonic measure- 
ments allow to be determined conveniently ~' 9. 

Perturbation of the solute-water hydration equilibrium 
by the ultrasonic wave is considered to provide an expla- 
nation of the possible mechanisms of ultrasonic relax- 
ation in nucleic acid and synthetic polynucleotide solu- 
tions at physiological pH. It is believed that because of 
the acoustic wave propagation in the macromolecular 
solution, redistribution of water molecules, weakly 
bonded to polynucleotide chains, takes place, i.e. pertur- 
bation of the bound water-free water molecule equili- 
brium. Such relaxation frequencies are in the range of 
observation of nearly all investigations of nucleic acid 
and other biomacromolecular solutions. The significance 
of ultrasonic spectroscopy at present is mainly that of 
obtaining information on processes associated with the 
interactions of molecular groups and bonds with the 
solvents. That is, ultrasonic absorption in dilute bioma- 
cromolecular solutions is due to solute effects. 
The table lists the possible predominant ultrasonic ab- 
sorption mechanisms and relaxation processes, with 
characteristic times of l0 7 to 10 -s s, studied during the 
past l0 15 years. 
The usefulness of ultrasonic spectroscopy is that it 
bridges the gap from methods for determining time cons- 
tants by the traditional kinetic methods, greater than 10 5 
s, to the optical spectroscopic methods, less than 10 -1~ s. 
Many studies have been carried out dealing with the 
ultrasonic absorption of nucleic acids and their deriva- 
tives and much detail has emerged. Prospects for future 
significance depend, perhaps, upon the development of 
theories describing the physical mechanisms of ultrasonic 
energy absorption associated with solvent-biopolymer 
interactions. 
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Summary. Several host-selective toxins have been isolated in pure form from culture filtrates of  Cochliobolus victoriae. 
Acid hydrolysis  of  the major  toxin, victorin C (apparent  mol.wt 796), produced five fragments to which structures 1-5 
have been assigned. Spectroscopic techniques revealed that  the toxin contains an addi t ional  subunit  corresponding to 
6; thus all the components  of  victorin C are accounted for. 
Key words. Host-selective toxins; Cochliobolus victoriae; Helminthosporium victoriae; victorin C; oats; blight of  oats; 
unusual  amino acids. 

Many  disease-inducing plant  pathogenic  fungi produce 
toxic metaboli tes  which are injurious to plants  at low 
concentrations.  Those pa thogen-produced substances 
that  affect selectively only certain varieties or genotypes 
of  a given plant  species have been termed host-specific 
toxins or host-selective toxins. These toxins are thought  
to play an impor tan t  role in disease, because they can 
induce most  or all of  the disease symptoms and because 
toxin product ion  by the pathogen often parallels its viru- 
lence 2,3. 
A m o n g  the most  elusive of  the selective toxins is victorin, 
also known as HV-toxin.  Victorin was discovered as a 
result of  an ou tbreak  of  a new disease of  oats in Nor th  
America  in the late 1940's. The fungus Helminthosporium 
victoriae was first described by Meehan and Murphy  as 
the causal agent of  the disease called Victoria blight of  
oats 4. These authors  also repor ted that  culture filtrates 
from the fungus contained a toxin which caused symp- 
toms typical of  Victoria  blight disease on susceptible but  
not  on resistant plants  5. 
Early work  by Pringle and Braun 6'7 led them to postula te  
that  victorin was composed of  a small peptide and a 
nitrogen containing terpenoid,  victoxinine. The structure 
of  victoxinine was later elucidated by Dorn  and Arigoni  a, 
but  despite extensive research over the years the structure 
of  victorin itself has remained unknown. Recently two 

groups repor ted on the purif icat ion of  victorin but  no 
structural  informat ion was given 9'~~ We have indepen- 
dently purified several toxic components  from culture 
filtrates of  the fungus and now report  on the character-  
ization and structure of  the degradat ion  products  of  the 
major  toxin, henceforth designated as victorin C. 

Materials and methods 

Cochl&bolus victoriae Nelson (Helm&thosporium victo- 
riae Meehan and Murphy)  isolate 033 and isolate 1 were 
obtained from R.P.  Scheffer and H.E .  Wheeler, respec- 
tively. F o r  toxin product ion  the fungus was grown for 
14-21 days at 25~ under constant  i l lumination in still 
culture in 500-ml Erlenmeyer flasks containing 100 ml of  
modif ied liquid Fries '  medium"  supplemented with either 
0.1% yeast extract or  with oa t  flakes 12. 
Culture filtrates and fractions from each purification step 
were tested for toxin activity by placing excised oat  leaves 
in 4-ml vials containing 0.5 ml of  test solutions. The root  
growth assay was performed essentially as described by 
Luke and Wheeler 11 using susceptible and resistant oat  
varieties, Park and Rodney,  respectively. 
Culture fluid was separated from mycelium by fi l tration 
through cheese cloth. Extract ion,  concentrat ion and ini- 
tial f ract ionat ion of  the toxin were accomplished in a 


