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und 3). Die B e s t i m m u n g  des Sul fa tschwefe lgehal tes  
zeigte eine deut l iche,  konzent ra t ionsabhXngige  Zun ah me  
des Sulfa tgehal tes  (Figur 3, Tabelle). 

Diskuss ion.  W a c h s t u m s u n t e r s u c h u n g e n  bei L e m n a  
minor  L. h a b e n  ergeben,  dass  bis zu K o n z e n t r a t i o n e n  yon  
0,3 p p m  SO S in der  Begasungs luf t  keine W a c h s t u m s h e m -  
m u n g  e in t r i tO .  Die Toxizi t~tsgrenze fiir diese Pf lanze  
liegt bei  0,6 p p m  ~. Bei dieser K o n z e n t r a t i o n  ist  das  
W a c h s t u m  zun/~chst g e h e m m t ;  die Organismen passen  
sich jedoch  inne r t  4 Wochen  den  verXnder ten  Bedin-  
gungen an und  zeigen gegeniiber  der  Kont ro l le  keine 
W a c h s t u m s h e m m u n g  mehr  7. Die vor l iegenden  Resu l t a t e  
und  die zugeh6rigen Kon t ro l l expe r imen te  4, ~ lassen den  
Schluss zu, dass  die beobach t e t e  H e m m u n g  der  Sulfat-  
au fnahme  di rekt  auf  das der  Begasungs lu / t  zugemischte  
SO 2 zuri ickzufi ihren ist. Diese Ta t sache  deckt  sich mi t  den 
Ergebnissen  yon  BRUNOLD s, welcher  dense lben  Ef fek t  
m i t  H2S beobach te te .  Bei nachgewiesener ,  gleichbleiben- 
der  W a c h s t u m s r a t e  und  gleichem oder  h6he rem Sulfat-  
gehal t  muss  also der  Schwefelbedarf  der  Organismen 
zum Teil aus der  Gasphase  gedeckt  werden.  Dieser 
Antei l  kann  aus d e m  zwei ten k ine t i schen  E x p e r i m e n t  

Sulfatschwefelgehalt SO2-begaster Lemnen. Mittelwerte und Stan- 
darabweichung 6 paralleler Proben 

Kontrolle 1,33 ~zg S/mgTG -E 0,253 
0,13 ppm SO 2 1,24 ~g S/mg TG • 0,211 
0,3 ppm SO 2 1,89 ,~g S/mg TG ~2 0,312 
0,6 ppm SO~ 2,28 ~xg S/mg TG • 0,231 
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Fig. 3. Sulfataufnahmerate (o) und Sulfatschwefelgehalt (A) unter 
SO2-Begasung. Begasung: 0,3 ppm SO 2 zu Versuchsbeginn. Sulfat- 
aufnahmerate, Mittelwerte dreier Proben. 

(Figur 3) als auch  aus den s ta t i s t i schen  E x p e r i m e n t e n  
be rechne t  werden  und  be t r~g t  in beiden F~Lllen um 45 % 
des gesamten  a u f g e n o m m e n e n  Schwefels.  Dabei  ist  die 
zusiitzlich au fgenommene  Schwefelmenge,  welche du rch  
den  e rh6h ten  Sul fa tgeha l t  erwiesen ist, n ich t  bertick- 
sichtigt .  Diese Befunde  sind insofern yon 6kologischer 
Bedeutung ,  als eine erhebl iche en tg i f t ende  Wi rkung  der  
Vegeta t ion  auf die Luf tve runre in igung  mi t  SO 2 n ich t  
i ibersehen werden  dar f  9. Andererse i t s  ist  diese Ta t sache  
auch  yon  wi r t schaf t l i cher  Bedeutung ,  da  in Gebie ten  mi t  
Schwefeldefizi t  im Boden  eine Er t r agss te ige rung  durch  
eine gasf6rmige Schwefe lzufuhr  n i ch t  ausgeschlossen 
werden  kann.  Allerdings di irfen dabei  nu r  geringe 
SO~-Konzent ra t ionen  erre icht  werden,  da einersei ts  die 
toxische W i r k u n g  des SO 2 in Verb indung  mi t  anderen  
Schadgasen  mul t ip l ika t iv  e rh6h t  wirdl~ andererse i t s  die 
abso lu ten  Grenzwer te  der  SO2-Toleranz fiir verschiedene  
Pf lanzen  wei t  un t e r  j enen  der  L e m n e n  liegen k6nnen.  

Die Ste igerung des Sul fa tgehal tes  un te r  SO2-Ein- 
wirkung wurde  schon ande rno r t s  b e s ch r i eb en n ,  1~ und  
konn te  von uns auch durch  s ta t i s t i sche  E x p e r i m e n t e  
gesichert  werden  (s. Tabelle). In  guter  l~bere ins t immung 
mi t  unseren  Resu l t a t en  s t eh t  auch der  Befund  yon  
BRUNOLD 13, welcher  zeigte, dass  Sulfi t  vorers t  zu Sulfat  
oxidier t  wird und  d a n n  ers t  den no rma len  Metaboli-  
s ierungsweg eingeht .  Aus diesen Versuchen geh t  ebenfalls  
hervor ,  dass  4 0 - 5 0 %  des gesamten  au fg en o mmenen  
Schwefels aus der  Gasphase  s t a m m t .  

Summary .  The sulfate  up take  of L e m n a  minor  L. is 
ve ry  rap id ly  inh ib i ted  by  SOs-concent ra t ions  of 0.15, 
0.32 and 0.61 ppm.  The sulfate  concen t ra t ion  in the  p l an t  
mater ia l  is increased.  At  least  40 % of the  to ta l  sulfur in 
the  organisms origins f rom SO 2. 
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Citr inin ,  a P h y t o t o x i n ?  

Citrinin is a benzopyran  compound  produced  by  Penici l -  
l ium ci tr inum, whose occurrence in soil is known1. A few 
o ther  soil-borne fungi  also produce  th is  yellow p igment ,  
citrinin.  I t s  tox ic i ty  to  animals  has been  well s tudied  2 and  
its effect  on seed ge rmina t ion  and  compos i t ion  has  been  
repor teda.  The p resen t  note  is a p re l iminary  repor t  of a 
s tudy  on the  poss ib i l i ty  of ci tr inin being toxic  to  plants .  

1 j .  C. GILMAN, A Manual oJ Soil Fungi (Oxford and Hill Publ. Co., 
Calcutta, Bombay and New Delhi 1967). 

2 C. DAMODARAN, Ph.D. thesis, University of rvradras (1973). 
a T. G. MIRCHI~K and 17. G. BONDAREVSKAYA, Mikroorganizimy sel 

Kooz., Tr. Mezhvuz. Naueh. Konf., USSR, 1970. Chem. Abstr. 7d, 
39520 • (1971). 
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Structure of citrinin 

In  our s tudies  pure  c i t r inin  crys ta ls  were isolated f rom 
cultures of Pen ic i l l i um  c i t r inum or Aspergi l lus  candidus 2. 
Solutions were p r ep a red  by  dissolving the  crysta ls  in 
alkaline, p H  8.5, and  t h e n  ad jus t ing  to p H  7.0. Control  
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System Concentration of citrinin 

10 - s M  10 4M 10 -6M 

Wilting observed 

Bean 

Dolichos lab lab + + + + + + 
Phaseolus vulgaris + + + + + 
Phaseolus mungo Co-1 + + + + + + 

Cotton 
(Gossypium arboreum) 
K5 + +  + +  + 
0320-1 + + + + + 

Sorghum 
Sorghum vulgate Co-20 + + + + + + 

Leaf 
flaccidity; 
peripheral 
necrosis; 

vein clearance; 
finally 
total 
wilting 

yellowing effect 
at 10 -6 M 
concentration 

+ + +,  Early wilt (after 2 h) ; + +,  moderate (after 6 h); +,  slow (after 24 h). qn  all 3 bean species; but not in others. 

was dis t i l led w a t e r  wi th  p H  ad jus ted  to 7.0. 2 ml  of 
solut ion (exper imental /control )  was t aken  in a sample  
tube  provid ing  enough  d e p t h  for each p l an t  kep t  in one 
such tube.  

Three types  of bean  p lan t s  (Dolichos lab lab, Phaseolus 
vulgaris and  Phaseolus mungo Co-1), 2 types  of co t t o n  
(Gossypium arboreum K 6 and  0320-1) and  1 so rghum 
(Sorghum vulgare Co-20) were tes ted.  For  the  in v i t ro  
expe r imen t s  involving whole  plants ,  t h e y  were grown in 
sterile soil and  whole  p lan t s  (with in tac t  root  sys tem) 
were carefully r emoved  af ter  7-8 days,  washed  cau t ious ly  
in wa te r  to r emove  the  adher ing  soil par t ic les  and  imme-  
d ia te ly  placed in the i r  respect ive  solution.  S y m p t o m s  of 
wi l t ing were observed.  

Three d i f fe rent  concen t ra t ions  of c i t r inin  were t r ied,  
and  the  Table  shows the  d a t a  obta ined .  I t  is in te res t ing  
to  note  t h a t  ci tr inin,  w h i c h  is an animal  toxin,  possesses a 
wi l t ing effect  on plants ,  as can be seen in the  Table.  
A n o t h e r  e x p e r i m e n t  w i th  co t ton  grown in Penic i l l ium 
c i t r in ium- in fec ted  soil and  c i t r in in - supp lemen ted  soil 
reveals  inhib i ted  seed ge rmina t ion  and  s tun ted  growth.  
There  had  been a t t e m p t s  to  relate fungal  toxici ty ,  b o t h  
in an imals  and p lan ts  4. However ,  t h i s  being the  first  
repor t ,  before going ahead  one has to  answer  fully:  Is  
c i t r inin  real ly a p h y t o t o x i n  ? 

Here  it is wor thwhi le  men t ion ing  some observat ions  in 
th is  field. The au to rad iograph ic  p ic ture  (Figure) shows 
14C-citrinin d i s t r ibu ted  m u c h  in the  s t em near  the  root  
and  in the  leaves, more  so in the  p r i m a r y  ones. In  the  case 
of co t ton  and bean,  accumula t ion  of rad ioac t iv i ty  in the  
petioles was significant.  This  migh t  p r o m p t  one to  t h i n k  
of b o t h  physiological  and  biochemical  mechan i sms  in- 
volved in t he  p roduc t ion  of c i t r in in- induced wilt. Citrinin 
m a y  b ind  wi th  the  cellular componen t s  p resen t  along the  
vascular  setup,  and poss ibly  in the  leaves also, and t h e r eby  
affect  the  osmot ic  ba lance  and  t rans locat ion .  This seems 
a poss ib i l i ty  since c i t r inin  is known  to  b ind  wi th  pure  
bovine  se rum a lbumin  and  h u m a n  se rum a lbumin  ~. 

In i t ia l  expe r imen t s  w i t h  c i t r in in- t rea ted  leaves of 
sorghum and  bean  p lan ts  did no t  show any  change in the  
ATPase  act ivi ty ,  when  compared  wi th  the  control .  
Similarly,  incubat ion  of bean  leaf cells wi th  ci tr inin did 
no t  produce  a l tered r e sp i r a to ry /pho tosyn the t i c  ac t iv i ty .  
There  is no clue f rom these  p re l iminary  exper iments  as to  

Autoradiographic picture of a sorghum plant provided in vitro with 
14C-citrinin solution. After development, the X-ray film was covered, 
leaving a small margin around the image of the plant, and then ex- 
posed for print. 14C-citrinia was prepared (specific activity 1.9 • 10 e 
dpm/mmole) as described by RODIG et aL e. Preparation of eitrinin 
solution (10 -5 M) and other details were as given for wilting ex- 
periment (see text) ; after 3 h the plant was taken for autoradiography. 

4 A. Z. JOFFE and J. PALTI, Mycopath. Mycol. appl. 52, 209 (1974). 
5 S. SHANMUGASUNDARAM, C. DAMODARAN and S. SEEm, Indian J. 

Microbiol., in press (1975). 
S O. R. RODIG, L. C. ~LLIS and I. T. GLOVER, Biochemistry 5, 2458 

(1966). 
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any  b iochemica l  act ion a t t r i bu t ab le  to  citrinin.  However ,  
i t  is necessary  to  note  t h a t  c i t r inin  causes a def ini te  
inhib i t ion  of b o t h  resp i ra t ion  and  pho tosyn thes i s  in the  
blue green alga, Anacystis nidulansL 

To sum up, there  seems to be a posi t ive  indicat ion t h a t  
c i t r in in  is a phytotoxin;  t he  detai ls  are ye t  to be worked 
out.  

Summary. Observat ions  f rom p re l im ina ry  exper imen t s  
to discover  the  phy to tox ic i ty ,  if any, of the  fungal  me- 

tabol i te ,  c i t r inin,  are presented .  There  seems to be a 
posi t ive  indicat ion,  war ran t ing  fu r the r  inves t iga t ion .  

C. I)AMODARAN, S. KATHIRVEL-PANDIAN, 
S. SEENI, R. SELVAM, M. G. GANESAN 
and  S. SHANMUGASUNDARAM 
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Madurai 625027 (India), /d May  7975. 

I n h i b i t o r y  Effect  of f l - H y d r o x y g l u t a m i c  A c i d  on  

HAYASHI 1 r epor ted  in 1959 t h a t  f l -hydroxy g lu tamic  
acid caused convuls ions when  in jec ted  into the  cerebro-  
spinal  f luid or when  appl ied to  the  mo to r  cor tex  of 
mammals .  A t  the  cellular level, CURTIS and "VVATKINS 2 
d e m o n s t r a t e d  the  exc i t a to ry  effect  of th is  subs tance  on 
spinal  neurones,  bu t  its effect  was weaker  t h a n  t h a t  of 
g lu tamic  acid. 

We  observed  in the  p resen t  s t u d y  t h a t  erythro-f l-  
hydroxy-L-g lu tamic  acid (erythro-L-BHGA) h a d  an 
inh ib i to ry  effect  on the  electrical  ac t iv i ty  of a spon tane -  
ously fir ing g ian t  neurone,  per iodical ly  oscil lat ing 
neurone  (PON) ident i f ied in the  subesophageal  ganglia 
of an Afr ican g iant  snail  (Achatina/ulica F6russac).  We 
observed  also some decrease of the  n e u r o m e m b r a n e  
electrical  res is tance under  th is  substance .  This neurone 
was exci ted by  5 - h y d r o x y t r y p t a m i n e  and dopamine ,  
inh ib i ted  b y  L-homocysteic  acid and  L-homocyste ine  
snlfinic acid, and no t  affected by  acetylcholine,  g lu tamic  
acid or glycinea 6 

One or two  glass microp ipe t tes  filled wi th  2 M po tass ium 
ace ta te  were implan ted  in the  neurone.  The b iopoten t ia l  
was recorded by  a pen-wr i t ing  ga lvanometer ,  and  the  

T el -~rlGA 10~'~0.1 rnm( ,~Oog ) 

g 

C 

L-GlU 3XiO"~O.Irnrn( 150~g ) 

Fig. 1. Inhibitory effect of erythro-/~-hydroxy-L-glutamic acid (eL- 
BHGA, microdrop application) on the electrical activity of the 
periodically oscillating neurone (PON). The upper traces of A, B, C, 
are the full-spike recordings of the pen-writing galvanometer. The 
lower traces of A, B, C, are the recordings in high amplification of the 
same biopotentials as the upper traces. (The spike peaks have been 
cut off by an electronic voltage clipper.) In A), a microdrop of eL- 
BHGA solution (100 [ztn in diameter) at 10 -4 g/ml (50 pg) was 
applied on the surface of the examined neurone (arrow). Iil B), a 
nfierodrop of the same substance (the same diameter) at 3 • 10 -4 
(150 pg) was applied (arrow). In C), a mierodrop of L-glutamie acid 
(150 pg) was applied (arrow). Note that a microdrop of even 50 pg 
of eL-BHGA produced some hyperpolarization of the PON mem- 
brane, inspire of the ineffectiveness of L-gIutamic acid (150 pg) on the 
same neurone. 

a M o l l u s c a n  G i a n t  N e u r o n e  

spike discharges  were recorded by  a spike counter .  As 
an indica tor  of the  n e u r o m e m b r a n e  res is tance,  t he  
cur ren t -vo l tage  re la t ionships  ( I - V  curve) of t he  neuro-  
m e m b r a n e  were de t e rmined  by  app ly ing  a t r i angu la r  
cu r ren t  (hyperpolarizing,  depolar iz ing and  hyperpo la r -  
izing) into the  soma via  the  imp lan ted  micropipe t te .  In  
th is  circuit,  a resis tor  of 70 Ms was connec ted  in series. 
Subs tances  to be examined  were appl ied to  the  ganglia 
in 2 ways:  the  b a t h  appl icat ion and the  microdrop  appli-  
cat ion.  In  the  former,  we appl ied to the  ganglia  t he  sub- 
s tances  dissolved in t he  physiological  solut ion of t he  snail 7. 
In  the  la t ter ,  a mic rop ipe t t e  was filled wi th  the  subs tance  
to be examined ;  a mic rodrop  of the  solut ion (100 ~zm in 
diameter)  was made  in the  open air a t  the  t ip  of the  mi- 
c rop ipe t t e  by  oil pressure;  and th is  microdrop  was placed 
on the  surface of the  examined  neurone.  We avoided the  
ion tophore t ic  appl icat ion because of its cu r ren t  effect  s. 

The b a t h  appl ica t ion  of e ry th ro -L-BHGA (donated  by  
Ono Pha rmaceu t i ca l  Co. Ltd. ,  Osaka;  Anal.  C 36.56%, 
H 5.65% , N 8.57~ Calc. for CsH~OsN C 38.81%, 
H 5.56%, N 8.59% , ~ ) 0  + 31.91o(c 1.99 in 20% 
HC1), conf i rmed by  N M R  and IR) in a concen t ra t ion  of 
10 6 ~ 3 • 10-~ g/nil hyperpo la r ized  the  P O N  m e m b r a n e  
and reduced the  n u m b e r  of spon taneous  spike discharges.  
Bo th  e ry th ro -D-BHGA and  threo-D,L-BHGA also showed 
some inh ib i to ry  effect  on the  PON. Bu t  the  effect  of t he  
la t t e r  two  subs tances  was much  weaker  t h a n  erythro-L-  
BHGA.  The P O N  was comple te ly  insensi t ive  to  L- and  D- 
glutamic  acid, L-aspartic acid, glycine and  fl-alanine. 

Figure 1 shows the  b iopoten t ia l  change  of t he  P O N  
caused by  the  microdrop  appl ica t ion  of e ry thro-L-BHGA.  
A sl ight  hyperpo la r i za t ion  of t he  P O N  m e m b r a n e  was 
produced by  the  appl ica t ion  of 50 pg of th is  subs tance  
dissolved in the  microdrop  (Figure 1, A). The appl ica t ion  
of 150 pg e ry th ro -L-BHGA produced  a s t rong  hyper -  
polar izat ion,  and no spike discharges of the  P O N  were 
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