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B e d e u t s a m  ist, dass bei der  wasserl6sl ichen W - H S  nur  
wenig Radika le  nachgewiesen  werden.  Das geringe Teil- 
chengewich t  sowie der  m6gliche - und viel fach v e r m u t e t e  
- Gehal t  an ak t iven  Humins / iurevor-  und  -zwischens tufen  
in der  wasserl6sl ichen Humins~iurefrakt ion liessen hier  
e inen h6heren  Radika lgeha l t  e rwar ten .  Offenbar  hande l t  
es sich bei diesen Teilchen jedoch  um relat iv  s tabi le  Aggre- 
gate, die die W - H S  als se lbs t ind ige  Gruppe  der  Humin-  
stoffe auszeichnen.  

Summary .  The electron spin resonance was measured  
wi th  several  humic  acids. The p repara t ions  used here con- 

ta in  s table  free radicals.  Grey humic  acids con ta in  more  
radicals  t h a n  b rown humic  acids. 

H. KLEIST und D. M/JCKE 9 

Insti tut  /~r Physiologische Chemic der Universitiit, 
Rostock (DDR),  20. September 1965. 

Herrn Dr. SEIFERT und Fraulein Dr. EBERT (Deutsche Akademie 
der Wissenschaften Berlin-Adlershof, Arbeitsgruppe: Physikali- 
sehe Methoden der Analytischen Chemic, Labor ftir Hochfrequenz- 
Spektroskopie; Dir.: Prof. Dr. KRIEGSMANN) danken wir ftir die 
Untersttitzung bei der Durchftihrung der Messungen. 

Excited Molecular  02 and Inact ivat ion of 
Indolebutyric  Acid (IBA) 

The exis tence of a me ta s t ab l e  exci ted  molecular  oxygen  
in solut ion is of ou t s t and ing  in te res t  in several  problems.  
Originally KAUTSKY 1, abou t  1935, had  specula ted  on the  
exis tence of such a species in connect ion  wi th  dye (e.g. 
eosin) photosens i t i zed  oxida t ions  3, b u t  the  suggest ion was 
lost  for w a n t  of direct  evidence.  The presen t  r epor t  con- 
f i rms KAUTSKY'S earlier specula t ions  and places t h e m  on  
a f i rm footing. 

The obse rva t ion  t h a t  a red-orange  chemi luminescence  
is p roduced  dur ing  the  reac t ion  of hydrogen  peroxide  and  
sodium hypochlor i t e  in aqueous  solution was repor ted  by  
SELIGER 3. KHAN and  KASHA 4, ex t ended  the spectroscopic  
s t u d y  of th is  chemiluminescence  and, in view of the  na tu re  
of the  reac t ion  and the  b a n d s  observed,  t h e y  t en t a t i ve ly  
assigned the  red chemiluminescence  bands  as the  0.0 and  
0.1 bands  of the  1Ek+ --> 3Xk t rans i t ion  of the  molecular 
oxygen. The s t u d y  of the  mechan i sm of the  reac t ion  by  
CAHILL and  TAUBE 5, using isotopic labell ing of the  per-  
oxide, also indicates  t h a t  the  O-O bond  remains  in tac t ,  
reaff i rming the  possibi l i ty  of exci ted molecular oxygen 
r a t he r  t h a n  atomic oxygen as a p r ima ry  p roduc t .  The 
results  of the  p resen t  inves t iga t ion  d i s t inc t ly  show t h a t  
there  is a d i rect  cause-and-e//ect re la t ionship  be tween  
molecular  oxygen  and its capac i ty  of inducing the  oxida-  
t ion  of IBA. 

In  this  endeavour ,  the  au thor  employed  the  'bean  
t e s t '  devised by  FERRI and CAMARGO 6 for the  rapid assay 
of p lan t  g rowth  regulators .  Y-shaped  segments  f rom 2- to  
3-week-old p lan ts  of Phaseolus vulgaris L. var.  'Blue Lake' 
enhance  the  angle be tween  the  petioles while reposing in 

wa te r  and decrease i t  while immersed  in IBA solut ion 
(Figure). The behaviour  is qua l i ta t ive ly  the  same w h e t h e r  
t he  t e s t  ob jec ts  are kep t  in l ight  or in da rkness  and  is n o t  
a t t r i bu t ab le  to  pFI a l te ra t ions  or osmot ic  influences.  

W i t h  the  aid of th is  biological test ,  it  was possible to 
evalua te  the  influence of exci ted molecular  O3 p roduced  
in aqueous solut ion by  the  in te rac t ion  of sod ium hypo-  
chlori te  and  hydrogen peroxide  on IBA solutions.  The 
mean  values  of a r ep resen ta t ive  expe r imen t  are cha r t ed  
in t he  Table.  I t  is a p p a r e n t  t ha t ,  while the  pieces reposing 
in wa te r  increased the  average angle be tween  the  petioles,  
those  res t ing in IBA solut ions decreased it b o t h  in the  
l ight and in the  dark.  The two ingredients  of the  reac t ion  
mixture ,  viz. sodium hypochlor i te  and  hydrogen  peroxide  
(at p H  7.0), were unable  to sensit ize the  des t ruc t ion  of 
IBA, as ref lected in the  response of the  p l an t  segments .  
B u t  as the  two  cons t i tuen t s  mingled toge ther ,  t he  resul t -  
ing red-orange  chemi luminescence  was i n s t rumen ta l  in 
abolishing the  IBA ac t iv i ty  wi th  unusual  av id i ty  and  the  
t e s t  objects  behaved  as if t hey  were in pure  water .  This 
h ighly  reproducible  expe r imen t  was r epea ted  wi th  o the r  
indole analogues,  e.g. fl-(indole-3)-n-propionic acid, wi th  
ident ical  results.  

1 H. KAUTSKY, in Luminescence, A General Discussion o/the Faraday 
Society (Gurney and Jackson, London 1938), p. 216. 

2 R. K. KAKKAR, Naturwissenschaften 52, in press (1965). 
a H. SELIGER, Anal. Biochem. 7, 60 (1960). 
4 A. U. KHAN and M. KASHA, J. Chem. Phys. 39, 2105 (1963). 
5 A. E. CAHILL and H. TAUBE, J. Am. chem. Soc. 7d, 2312 (1952). 

M. G. FERm and L. S. V. CAMARGO, Ann. Acad. Brasil. Ci. 22, 161 
(1950) (in LINSER und KIERMAVER, Methoden zur Bestimmung 
Pllanzlicher Wuchssto//e (Springer, 1957), Figur 39). 
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A upper part of the 2-week-old bean plant showing 
the primary leaves; B Y-shaped piece prepared from 
the same; C increase of ~ in water; D deqreas~ of 0~ 
in presence of IBA. 
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Oxidation of IBA by excited molecular oxygen. IBA 50 mg/1, sodium hypochlorite 30% w/v, hydrogen peroxide 30% v[v (pH 7.0, temp. 
20 ~ -t- 2). Each value determined with 15 plant segments 

Angles Light Dark 

Water IBA + sodium IBA + H~O~ IBA + sodium IBA + sodium IBA + HeOz IBA + sodium 
hypochlorite hypochlorite hypochlorite hypochlorite 

+ H202 + H~O2 

Initial 88.8 94.6 86.6 90.6 112.1 81.5 91.6 

Final 141.3 66.4 56.4 139.9 86.1 58.3 131.8 

Difference + 52.5 :t: 6.1 -- 28.2 4- 4.8 -- 30.2 4- 5.9 + 49.3 -t- 5.3 -- 26.0 4- 6.6 -- 23.2 4- 3.1 + 40.2 4- 5.4 

On the  basis of the  above findings,  t he  au thor  is 
t e m p t e d  to haza rd  the  exp lana t ion  t h a t  the  H atoms,  
or ig inat ing f rom the  ox ida t ion  of the  s ide-chains of IBA 
molecules, are t r ans fe r red  to an acceptor ,  the  accepto~ 
being the  molecular  O8 itself. The au thor  believes t h a t  in 
m a n y  biological peroxide  sys tems,  the  chemi luminescence  
m a y  be found as an indicat ion of the  b r eakdown  mecha-  
nisms ; and in addi t ion,  s imilar  observa t ions  m a y  be made  
in radiobiological  and rad ia t ion  chemical  react ions.  Ap- 
pl ica t ion of these  ideas deserve fu r the r  inves t iga t ions  7. 

Zusammen/assung. Indo lbu t t e r s~ure  wird  durch  ange- 
reg ten  molekularen  Sauers toff  in vi t ro  inakt iv ier t .  Die 

Bedeu tung  dieses Befundes  liegt darin,  dass  dadurch  ein 
mSglicher Weg ftir die Inak t iv i e rung  pflanzl icher  Wuchs -  
stoffe in vivo aufgezeigt  wird.  

R. K. KAKKAR 

Botany Department, The University, Allahabad 
(India), August 31, 7965. 

7 The author acknowledges with appreciation the generous gift of 
IBA and IPA from Messrs. Calbioehem AG, Lucerne (Switzer- 
land). - This work was financed by a grant (No. F. 8-5/63 G) from 
the University Grants Commission. 

B i o c h e m i c a l  G e n e t i c a l  S t u d i e s  o n  H o s t - P a r a s i t e  
R e l a t i o n s h i p  1. P a t h o g e n i c i t y  of T w o  M u t a n t s  
of  Fusarium vasinfectum A t k .  o n  C o t t o n  P l a n t s  

During  our s tudies  on the  pa thogen ic i ty  of Fusarium 
vasin[ectum on the  co t ton  p lan t  Gossypium arborium, we 
have  isolated a pai r  of nu t r i t iona l ly  def ic ient  m u t a n t s  by  
n i t rous  acid t r e a t m e n t  of tile conidia.  The pa thogen ic i ty  
of these s t ra ins  when  compared  wi th  tile normal  t ype  has  
yie lded in teres t ing  results .  

The n i t rous  acid t r e a t m e n t  was carried out  as follows: 
A suspension conta in ing  5 �9 10 s conid ia /ml  was ob ta ined  
in 0 . 1 M  ace ta te  buffer  of p H  4.4, f rom a t en-day-o ld  
s lant  cul ture of Fusarium vasin/ectum in Czapeck 's  agar  
medium.  1 ml  of 0 .5M sodium ni t r i te  was added  to  9 ml  
of the  spore suspension,  and  at  the  end of 12 rain i t  was 
p la ted  ou t  in agar  medium.  The colonies t h a t  came up 
af ter  48 h of incuba t ion  were tes ted  for the i r  nu t r i t iona l  
r equ i r emen t s  by  the  auxanograph ic  me thod ,  keeping 
Czapek 's  m ed ium as control .  Two m u t a n t s  were isolated,  
one a par t ia l  requi rer  of nicotinic acid and  the  o ther  re- 
quir ing para  amino benzoic acid (PABA) for growth.  

The pa thogen ic i ty  of the  m u t a n t s  was tes ted  by  dif- 
fe rent  methods .  They  were grown in R icha rd ' s  med i u m 
wi th  appropr ia te  concen t ra t ions  of the  nu t r i en t s  needed.  
Tile pa r en t  s t ra in  was also grown in R icha rd ' s  medium,  
alone and  in the  presence  of the  v i t amins  to serve as con- 
trols. At  tile end of 28 days,  tile cul tures  were f i l tered and  
the  p H  of the  f i l t ra te  was ad jus ted  to the  alkaline side. 
I t  was t h e n  ex t r ac t ed  wi th  pe t ro leum e the r  r epea ted ly  
and  the  e ther  ex t rac t s  were concen t ra ted .  Cut  shoots  of 

wild suscept ib le  va r i e ty  of co t ton  (Ke, Cot ton  Karun-  
ganni,  Gossypium arboreum) were incuba ted  for 8 h in t e s t  
tubes  conta in ing  5 ml por t ions  of the  concen t ra ted  ex- 
t r ac t s  di luted to 10 ml w i th  water .  Incuba t ion  of cut  
shoots  ill 10 ml wa te r  served as controls.  I t  was observed 
t h a t  ill tile case of the  nicot inic  acid deficient  strain,  cul- 
ture  fluids produced  very  ear ly  wi l t ing  as compared  to  
the  normal ,  and t h a t  the  P A B A  requirer  could produce  
no wilting. Fur the r ,  the  presence  of nicotinic acid or p- 
amino benzoic acid ill the  g rowth  med i u m of the  pa ren t  
s t ra in  revealed no change ill i ts  ac t ion on normal  wilt  
product ion .  Also, the  par t ia l  requirer  of the  nicotinic acid 
s t ra in  p roduced  a blue  p i g m e n t  when  grown in agar  
medium.  

Tests  on the  pa thogen ic i ty  of tile m u t a n t  s t rains  to the  
co t ton  p lan ts  were carried out  ill vivo also. Tile m u t a n t  
s t ra ins  and  the  p a r en t  wild t y p e  were  cul tured on separa te  
sand-oa t  m e d i u m  wi th  appropr ia te  levels of the  respec- 
t ive  v i tamins .  On germina t ion  of K 6 seeds in soil (steri- 
lized at  22 lb/ in 2 pressure for 2 h) mixed wi th  5% of 21- 
day-old  sand-oa t  cul tures has shown severe wi l t ing in 
p lan ts  t h a t  received the  nicot inic  acid requirer .  Normal  
p a r en t  s t ra in  caused wil t ing in seven days  i r respect ive of 
the  presence  or absence of the  v i tamins .  No wil t ing oc- 
curred in p lan ts  t r ea t ed  wi th  P A B A  requir ing m u t a n t  
s train,  inoculum. 

1 No. III. Scheme sponsored and financed by the United States 
Department of Agriculture under USPL 480 funds. 
G. F. PEGO, Ann. Bot. 26, 219 (1962). 


