
15.12. 1975 Specialia 1417 

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 .  
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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  
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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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observed  for several  minu tes  (Figure 1, B). In  spi te  of t he  
effect  of e ry thro-L-BHGA,  150 pg L-glutamic acid 
appl ied  in t he  same manne r  did no t  produce  any  effect  
on the  PON.  We  could conclude b y  the  microdrop  
appl ica t ion  expe r imen t  t h a t  t he  inhib i t ion  p roduced  b y  
e ry th ro -L-BHGA was due to  t he  hyperpo la r iza t ion  of 
the  P O N  membrane ,  and  no t  due to synap t i c  noises. 

The n e u r o m e m b r a n e  rect i f icat ion was previous ly  
repor ted  9, ~0. In  t he  p resen t  s tudy,  we measured  the  I -V 
curve of the  n e u r o m e m b r a n e  as an indica tor  of m e m b r a n e  
res is tance by  apply ing  a t r i angula r  cur ren t  (hyper-  
polarizing,  depolar iz ing and  hyperpola r iz ing ;  a lmos t  
2 min  a cycle). F igure  2 shows the  change  in t he  I -V 
curve of P O N  m e m b r a n e  caused b y  the  b a t h  appl icat ion 
of e ry thro-L-BHGA.  In  th is  figure, the  I -V curve ob ta ined  
in the  appl ica t ion  of th is  subs tance  a t  3 • 10 -s g /ml  (b) 
was super imposed  on the  I -V curve measured  in t he  
physiological  s ta te  (a); in b o t h  of these  I -V curves,  t he  
init ial  b iopo ten t ia l  level (just before  t he  t r a n s m e m b r a n e  
cu r ren t  applicat ion) was used as the  c o m m o n  s t an d a rd  
point .  In  t he  art if icial ly (by the  t r a n s m e m b r a n e  current)  
hyperpo la r ized  s ta te  of t he  neu romembrane ,  a clear 
decrease of m e m b r a n e  res is tance was  observed in the  
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Fig. 2. Change of the current-voltage relationships (I-V curve) of 
the PON membrane caused by the application of erythro-fl-hydroxy- 
L-glutamic acid (eL-BHGA). A triangular current (hyperpolarizing, 
depolarizing and hyperpolarizing) was applied to the soma to obtain 
the I-V curve. Ordinate: Biopotential shift produced by the trans- 
membrane current (mV). Abscissa: Intensity of the transmembrane 
current (nA). From zero, the current was applied gradually until 
reaching 15 nA in the hyperpolarizing direction (asterisk). Then the 
current was adjusted to the depolarizing direction. After reaching 
about 12 nA in the depolarizing direction (2 asterisks), the current 
was adjusted again to the hyperpolarizing direction, a) I-V curve 
measured in the physiological state, b) I-V curve obtained 3 min 
after the bath application of eL-BHGA at 3 • 10 -5 g/ml. The two 
I-V curves were superimposed, using the initial biopotential level 
(just before current application) as the common standard point. 
Note that the lower membrane resistance and the higher firing level 
were caused by the application of eL-BHGA in comparison with the 
physiological state. 

case of e ry thro-L-BHGA.  In  the  art if icial ly depolar ized 
state,  all e levat ion of f ir ing level was observed under  th is  
substance�9 

SCHLEIFER e t  al, n r epor ted  the  presence  of th reo-  
B H G A  in the  cell wall of a bac ter ium.  OHARA et al. ~2 
also d e m o n s t r a t e d  the  presence  of t h r e o - B H G A  in the  
m a m m a l i a n  brain�9 We assume t h a t  e ry th ro-L-BHGA is 
p robab ly  an inh ib i to ry  t r a n s m i t t e r  of t he  PON, or a 
par t ia l  agonis t  of an u n k n o w n  t r a n s m i t t e r  which is no t  
g lu tamic  acid or aspar t ic  acid. Previous ly  we repor ted  4 
the  inh ib i to ry  effect  of L-homocyste ic  acid and L-homo- 
cys te ine  sulfinic acid on the  PON.  If  e ry th ro -L-BHGA is 
a par t ia l  agonis t  of an inh ib i to ry  t r a n s m i t t e r  of the  PON,  
there  arises the  ques t ion of w h e t h e r  e ry th ro-L-BHGA and  
the  two sul fur-conta ining amino  acids are agonists  of t he  
same inh ib i to ry  t r ansmi t t e r .  

Summary. We found a spon taneous ly  fir ing neurone,  
inh ib i ted  by  f l -hydroxy(erythro)-L-glutamic  acid, ident i -  
fied in t he  subesophageal  ganglia  of an African g ian t  
snail (A chatina/ulica F~russac),  a l though  th is  neurone is 
no t  sensi t ive to  L-glutamic acid. We suggest  t h a t  /5- 
hydroxy(e ry th ro) -L-g lu tamic  acid m a y  be a p u t a t i ve  
inh ib i tory  synap t ic  t r a n s m i t t e r  of t he  ident i f ied molluscan 
neurone. 
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Use  of a T i s sue  Culture M e d i u m  for in vitro Studies  on the Ion Transpor t  Capacity  of 
A m p h i b i a n  Epithel ia  

In  mos t  s tudies  on the  physiological  role of the  t rans -  of the  t r a n s p o r t  capaci t ies  of isolated epithelial  mere-  
por t  of ions across isolated epithel ial  membranes ,  s imple branes  is an a lmos t  c o n s t a n t  f inding, so t h a t  one can 
e lect rolyte  solut ions have  been used to  inClfl~te t h e  argue t h a t  suc h expe r imen t s  are carried ou t  in dying pre-  
prepara t ions ,  to  keep the  concen t ra t ion  o f  the  pr incipal  para t ions .  T h i s  : a r ~ e n t  is especial ly val id when  appl ied 
'physiological '  ions such as Na~, K+, Ca++ a n d , ~ i - ,  t he  t o  m a m m a l i a n  t i ~ ,  such as t he  small  intest ine,  where  
to ta l  o smolah ty  and  p H  wi th in  t h e  range of v21ues for the  ra te  of decay  ~ a y  be ve ry  h igh  f rom the  moun t ing  of 
t he  extracel lu lar  fluids of the  species under  Study.  In  t he  e x p e r i m e n t a l s e t - u p  1. A l though  amph ib ian  t i s s u e s a r e  
some cases, especial ly when  m a m m a l i a n  t issues a r e  
used, a n u t r i e n t  subs tance  such as glucose is added  to  t he  
basic e lect rolyte  solution.  These so-called Ringer  
solut ions have  p roved  sa t i s fac tory  for mos t  physiological  
exper iments ,  p rov ided  t h a t  t h e y  are carr ied ou t  wi th in  a 
shor t  t ime  of t he  isolat ion of tke  tissue. However ,  a decay  

m u c h  less rap id ly  af fec ted  b y  the  isolat ion procedures  and  
keep the i r  t r a n s p o r t  proper t ies  reasonably  well, a t  least  for 
a few hours ,  we decided to  see w h e t h e r  the  use of a more  
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