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X 
N H 2 Synthesis of Litorin. 

mobil i t ies ,  t he  same deg r ada t i ve  p a t t e r n  a n d  t he  same 
biological  p roper t i e s  4 of n a t u r a l  l i to r in  s-s. 

We are indebted to Dr. A ANASTs and to Prof. V. ERSPAMER for 
these assays. 
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Riassunto. Viene  r ipor~a ta  la s in tes i  del].a p i rog lu tami l -  
g lu tamini I - t r ip tof i l -a lan i l -va l i l -g l ic i l - i s t id i l - fen i la lan i l -me-  
t i on inamide ,  u n  pep t ide  iden t ico  per  p rop r i e t$  fisiche, 
ch imiche  e biologiche al la  l i tor ina .  
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H~S a s  S u l f u r  S o u r c e  i n  L e m n a  m i n o r  L . :  I I .  D i r e c t  I n c o r p o r a t i o n  i n t o  C y s t e i n e  a n d  I n h i b i t i o n  

o f  Su l f~ t t e  A s s i m i l a t i o n "  

Sulfa te  is t he  n o r m a l  sulfur  source of p l a n t s  1, b u t  t h e y  
are able  to  use o the r  c o m p o u n d s  to  p rov ide  a t  leas t  p a r t  
of t h e i r  sulfur  r e q u i r e m e n t s  2 4 For  L e m n a c e a e  H2S is 
of special  in te res t ,  because  t h e y  of ten  grow on ponds  
where  sulfide can  be de t ec t ed  5. I n  these  h a b i t a t s ,  where  
H2S is ava i l ab le  to  t he  p l a n t s  t o g e t h e r  w i t h  SO42-, a n  
in t e re s t ing  ques t ion  is how  m u c h  t he  u p t a k e  and  the  
a s s imi la t ion  of t he  oxidized c o m p o u n d  is i nh ib i t ed  b y  the  
r educed  one. 

I n  a p rev ious  r epo r t  we showed t h a t  H~S inh ib i t s  t he  
u p t a k e  of su l fa te  s. Here  we shal l  p r e s en t  ev idence  for a 
d i rec t  i nco rpo ra t i on  of H~S in to  cysteine.  A s i m u l t a n e o u s  
i n h i b i t i o n  of t h e  su l fa te  a s s imi l a t i on  appea r s  to  be  v e r y  
p robab le .  

Tab le  I shows t he  resu l t  of a n  i so tope -compe t i t i on  
e x p e r i m e n t :  Lemna minor L. ( s t r a i n - n u m b e r  6580 of the  
col lect ion of LANDOLT7 were c u l t i v a t e d  w i t h  r ad ioac t ive  
~5SO42- ill t h e  n u t r i e n t  so lu t ion  and  a t m o s p h e r i c  air  
con t a in ing  0 or 6 p p m  H~S. Af te r  10 a n d  15 days  of cu l t iva-  
t ion,  t he  specific ac t iv i t i es  of sul fa te  in  t he  n u t r i e n t  solu- 
t ion  al ld in  t he  p l a n t  m a t e r i a l  a n d  of cys te ine  were 
de t e rmined .  Cyste ine  was t aken ,  because,  f rom the  

q u a n t i t a t i v e  s t a n d p o i n t ,  t h e  mos t  i m p o r t a n t  p a t h w a y  in 
t he  a s s imi la t ion  of su l fa te  is v i a  cys te ine  1. 

The  specific a c t i v i t y  of sul fa te  and  cys te ine  in t h e  
o rgan i sms  c u l t i v a t e d  w i t h  a i r  is iden t ica l  to  t he  specific 
a c t i v i t y  of sul fa te  ill t h e  n u t r i e n t  solut ion.  

I n  p l a n t s  c u l t i v a t e d  w i t h  a i r  c o n t a i n i n g  H2S, t he  
specific a c t i v i t y  of su l fa te  in  t h e  p l a n t  m a t e r i a l  is on ly  
1.25% t h a t  of t he  su l fa te  of t h e  n u t r i e n t  so lu t ion ;  H~S 
p rov ides  t he  rest .  The  specific a c t i v i t y  of cys te ine  is 
50 t i m e s  lower t h a n  t h a t  of su l fa te  p r e sen t  in  t he  p l a n t  
mate r ia l ,  sugges t ing  t h a t  6 p p m  H2S a l m o s t  comple t e ly  
b locks  t he  a s s imi la t ion  of sulfate�9 This  effect  could be  
based  on  t he  i nh ib i t i on  of the  enzymes  of sul fa te  ass imila-  

1 j .  F.  THOMPSON, A. Rev. Plant Physiol. /8, 59 (1967). 
2 R. J. ELLIS, Planta 88, 34 (1969). 

M. D. THOMAS, R. H.  HENDRICKS, T. R.  COLLIER a n d  G. R. HILL, 
Plant Physiol. 18, 345 {1943). 

4 K .  H. ERISMAI'~N and CHR. ]3RUNOLD, Her. sehweiz, bot. Ges. 83, 
213 (1973). 
K. W. KUCHAR, Arch. Hydrobiol. 49, 329 (1954). 
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T E. LANDOLT, Bet. schweiz, hot. Ges. 67, 271 (1957). 
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Table I. Specific activities of sulfate and cysteine after labelling Lemna minor with ~SO~ ~- in air containing 0 or 6 ppm H2S 
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Composition of air~ Duration of cultivation Specific growth rate S Q  2- of nutrient  S04 ~- of plant Cysteine 
solution material 

(days)~ ([zm) ~ (~zCi/[zmole)~ ([zCi/~zmole) e ([xCi/[zmole) ~ 

20 1/h atmospheric air + 0 ppm H2S 10 0.41 4.2 4.4 3.5 

20 1/h atmospheric air + 6 ppm H~S 10 0.35 4.1 0.041 0.0012 

20 1/h atmospheric air + 0 ppm H2S 15 0.39 4.2 3.9 4.3 

20 1/h atmospheric air q- 6 ppm H~S 15 0.33 4.0 0.05 0.001 

H2S-concentration produced by diffusion of H2S through rubber tube into H2S-free air and measured with a Jonoflux-detector (Hartmann 
und Braun, Frankfurt ,  BRD). b Cultivation in 150 ml Erlenmeyer flasks at 25 ~ 5000 lux (Philips TL 33) on 30 ml nutrient solution ~~ pH 
5.0 with a sulfate concentration of 4 • 10 -4 M. o Growth was measured by counting the totM number of fronds from daily photographs and 
the specific growth rate ~xm calculated according to 

In number  of fronds t 2 - In number  of fronds t~ 

t 2 - t 1 
(t = time in days), a, e SO~-  determined after JOHNSON and NISHITA ~1, radioactivity determined with a Liquimat 220 (Picker Nuclear). 
f Cysteine determined as adduct of N-ethylmaleimide-14C after thinlayer chromatography in the solvent described by ELLIS 2~. 

Table II. Formation of cysteine by extract �9 of Lemna minor 

Reaction components Cysteine formed in moles/min/mg protein 

1. nL-Serine + pyridoxal-5-phosphate + Na23aS + extract 2.1 • 10 -l~ 

2. O-acetylserine + Na~S + extract 0.46 • 10 -6o 

Extraction according to ELLIS 2, protein determination according to LOWRY et al. 25. b Assay according to SGHLOSSMANN 8, cysteine deter- 
mined as adduet of N-ethylmaleimide after thinlayer chromatography in the solvent described by ELLIS 2~. ~ Assay according to BECKER 
et al. 9. 

t i o n  a n d  a d i r e c t  a s s i m i l a t i o n  of  H2S,  c a t a l y z e d  b y  c y s t e i n e  
s y n t h a s e  (E.C. 4 .2 .1 .22) ,  a n  e n z y m e  f i r s t  f o u n d  in  y e a s t  s, 
o r  o - a c e t y l s e r i n e  s u l f h y d r y l a s e ,  f i r s t  f o u n d  in  E.  coli 9. 
C o r r e s p o n d i n g  e n z y m e - a c t i v i t i e s  w e r e  f o u n d  in  L e m n a  
minor ,  u s i n g  t h e  m e t h o d s  o f  SCHLOSS~AI~N e t  al.  s a n d  
BECKER e t  al.9. T a b l e  I I  s h o w s  t h a t  in  v i t r o  o - a c e t y l -  
s e r i n e s u l f h y d r y l a s e  h a s  a m u c h  h i g h e r  a c t i v i t y  t h a n  
c y s t e i n e  s y n t h a s e .  

B o t h  e n z y m e s  p r o v i d e  t h e  p o s s i b i l i t y  t h a t  L e m n a  
m i n o r  a s s i m i l a t e s  H2S  d i r e c t l y .  E x p e r i m e n t s  in  v i v o  g a v e  
f u r t h e r  e v i d e n c e  for  a d i r e c t  i n c o r p o r a t i o n  of  H~S.  
I n  a s t e a d y  s t a t e  e x p e r i m e n t ,  L e m n a  p l a n t s  c u l t u r e d  w i t h  

2000. 
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Radioactivity in cysteine and SO4 e in steady state experiment 
after pulse-labelling Lemna minor with radioactive H2asS (specific 
activity 75 [~Ci/[zmole) for 5 min. The organisms were cultivated with 
6 ppm H2S in a culture chamber which corresponds to the one 
described by ERISMANN and BRUNOLD ~8, conditions as in Table I, 
except nutr ient  solution, in which S042 was replaced by C1 . The 
nutr ient  solution was constantly renewed. Radioactivity of cysteine 
as adduct of N-ethylmalinide and of sulfate was determined after 
thinlayer chromatography ~, ~4. 

6 p p m  H2S  w e r e  p u l s e - l a b e l l e d  w i t h  r a d i o a c t i v e  H2~5S for  
5 m i n .  F o l l o w i n g  t h e  pu l se ,  i n c o r p o r a t i o n  of s~S i n t o  
s u l f a t e  a n d  c y s t e i n e  e x t r a c t e d  f r o m  t h e  p l a n t  m a t e r i a l  
s h o w s  t h e  t i m e  c o u r s e  r e p r e s e n t e d  in  t h e  F i g u r e .  I n  c y s t e -  
ine ,  t h e  r a d i o a c t i v i t y  r e a c h e s  a m a x i m u m  35 m i n  a f t e r  
t h e  r a d i o a c t i v e  p u l s e  a n d  t h e n  d r o p s  e x p o n e n t i a l l y .  T h e  
r a d i o a c t i v i t y  of  s u l f a t e  r e a c h e s  i t s  m a x i m u m  a f t e r  a b o u t  
5 h a n d  r e m a i n s  h i g h  d u r i n g  t h e  f o l l o w i n g  5 h.  T h i s  r e s u l t  
s u g g e s t s  t h a t  35SO42-, f o r m e d  b y  t h e  o x i d a t i o n  of  tK235S, 
is n o t  a p r e c u r s o r  of  c y s t e i n e  a n d  is in  a g r e e m e n t  w i t h  t h e  
h y p o t h e s i s  of  a d i r e c t  i n c o r p o r a t i o n  of  t h e  H ~ S  fed .  

I n  a n o t h e r  t y p e  of  e x p e r i m e n t ,  L e m n a  p l a n t s  we re  
l abe l l ed  w i t h  3~SO42- o r  H23~S in  t h e  l i g h t  o r  in  t h e  d a r k  
a n d  e x a m i n e d  for  r a d i o a c t i v e  c y s t e i n e  (Tab l e  I I I ) .  
W h e n  '5SO~2- is t h e  85S-source,  t h e  a c t i v i t y  in  t h e  d a r k  
as  p e r c e n t  of  t h a t  f o u n d  in  t h e  l i g h t  is o n l y  6 3 %  w h e n  
l a b e l l i n g  c o m m e n c e s  as  d a r k n e s s  b e g i n s ,  o r  4 3 %  a f t e r  
60 r a in  in  t h e  d a r k .  T h i s  r e s u l t  is in  a g r e e m e n t  w i t h  t h e  
f i n d i n g  t h a t  t h e  r e d u c t i o n  o f  s u l f a t e  in  g r e e n  p l a n t s  is 
e n h a n c e d  b y  l i g h t  1~ T h e  d i f f e r e n c e  is n o t  b a s e d  on a 
d i f f e r e n c e  in  t h e  r a t e  o f  u p t a k e  of  35SOa 2 - w h i c h  is t h e  s a m e  
in  t h e  l i g h t  a n d  t h e  d a r k .  

W i t h  H~3~S, t h e  r a d i o a c t i v i t y  of  c y s t e i n e  is t h e  s a m e  
in  t h e  l i g h t  a n d  in  t h e  d a r k .  T h i s  f a c t  c a n  a g a i n  be  ex -  
p l a i n e d  b y  a d i r e c t  i n c o r p o r a t i o n  of  t h e  f ed  H~S.  I f  f ed  

8 I{. SCHLOSSMANN, J. BRUEGGEMANN and F. LYNEN, Biochem. Z. 
336, 258 (1962). 

9 M .  A .  BECKER, N. M. IKREDICK and G. M. TOMKINS, J. biol. Chem. 
24g, 2418 (1969). 

lO p. FROMAGEOT and H. PI~REZ-~{ILAN, Biochim. biophys. Acta 32, 
457 (1959). 

11 N. KAWASHIMA and T. Asnm,  J. Biochem: Tokyo 49, 52 (1961). 
12 A. KYLIN, Physiologia P1. 79, 883 (1966). 
13 A. TREBST and A. SCHMIDT, in Progress in Photosynthesis Research 

(Metzner, Frankfurt  1969), vol. 3, p. 1510. 
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Table III. Formation of radioactive free cysteine from a~SOl 2- and H2*~S ill light and darkness by Lemna minor, 

EXPERIENTIA 31/5 

Composition of air ~S-source Moles sSS-cysteine/mg dry weight after 15 rain with tracer 

Light Darkness before labelling (min) 
0 60 

Atmospheric air with 0 ppm H~S 

Atmospheric air with 6 ppm H2S 

35SO42- 30 • 10 -16 19 • 10 -1~ 13 • 10 -x~ 
H~3~S 25 • 10 -~2 26 • 10 -12 24 x 10 -l~ 

Conditions as given in Table I. Before the experiment, the organisms were cultivated for 10 days with the indicated compositions of air. 

t t2S were oxidized first  to SO42-, a s imilar  difference 
be tween  l ight  and  dark  would be expec ted  as was found  
when  35SO4~- was the  ~5S source. 

E n z y m e s  which can p lay  a p a r t  in sulfate reduc t ion  in 
green p lan t s  were descr ibed only very  recent ly  is, ~9; fu ture  
work  wi th  these  enzymes  migh t  well discover  t h a t  H~S 
regulates  SO4-reduction in a similar way  as N H  4 regulates  
NO3_reductio n 1~--17 

Zusammen[assung. Bei Lemna minor L. h e m m t  H2S in 
sub tox i schen  K o n z e n t r a t i o n e n  die Assimila t ion von  
SO4 ~-. Es  wird  bei  der  Bi ldung yon  Cystein di rekt  
e ingebaut  ohne vo rangehende  Oxida t ion  zu SO, e- mi t  
anschl iessender  Redukt ion .  
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22 R. J. ELLIS, Nature, Lond. 271, 1266 (1966). 
23 K. H. ]2~RISMANlg and CHR. BRUNOLD, Experientia 23, 235 (1967). 
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A m i n o a c i d  C o m p o s i t i o n  a n d  S e q u e n c e  of  L i t o r i n ,  a B o m b e s i n - L i k e  N o n a p e p t i d e  f r o m  t h e  

S k i n  of  t h e  A u s t r a l i a n  L e p t o d a c t y l i d  F r o ~  L i t o r i a  a u r e a  1 

Methanol  ex t rac t s  of t he  skin of the  Aus t ra l ian  lepto-  
dac ty l id  frog Litoria (Hyla) aurea conta in  a po lypep t ide ,  
li torin, which possesses a bombesin- l ike  act iv i ty .  Li tor in  
has been  isolated in a pure  fo rm and  recognized as a 
nonapep t ide  wi th  t h e  following sequence : 

Py r -G ln -Trp -Ala -Va l -G ly -Hi s -Phe -Me t -NH 2 

I t  m a y  be seen t h a t  the  C- terminal  oc tapep t ide  of 
l i torin is the  same as t h a t  of ranate l ls in  ~ and  differs f rom 
t h a t  of bombes in  or a ly tes in  3, a in tha t ,  a t  pos i t ion  2 f rom 
the C-terminus, a phenylalanine residue has been sub- 
stituted for the leucine residue. 

Zsolation procedure. The dried skins of 230 specimens of 
L. aurea collected near  Melbourne,  Victoria,  Austral ia ,  in 
N o v e m b e r  and  December  197-3, and weighing a to ta l  of 
230 g, were sub jec ted  to  2 successive ex t rac t ions  w i th  
20 pa r t s  (w/v) of 80% methano l ,  each ex t rac t ion  las t ing 
1 week. The ex t rac t s  were mixed  and  fi l tered.  

An al iquot  of ex t r ac t  cor responding  to  180 g of dr ied  
skins was evapora t ed  to dryness ,  tile residue washed  wi th  
pe t ro leum e ther  and  then  t aken  up in wa te r  plus 99% 
e thanol  to  give a f inal  e thanol  concen t ra t ion  of 95%. 
After  s tanding,  t he  l impid  s u p e r n a t a n t  was passed t h ro u g h  
4 columns of alkaline a lumina,  each of 170 g, which were 
then  Muted wi th  e thano l -wa te r  mix tu re s  of decreasing 
concentrations of ethanol, each of 200 ml. 

Two peaks  �9 of bombesi l l - l ike ac t iv i ty  appeared  in the  
e thanol  eluates,  one in t he  second 95% eluate,  the  o ther  
in the  second 90 % e thanol  eluate.  The s t u d y  of the  pep t ide  
responsible  for t he  f i rs t  peak  is in progress;  l i tor in was 
responsible  for t he  second peak  of ac t iv i ty .  

The pur i f ica t ion of the  second 90% e thanol  eluate,  
which  was c o n t a m i n a t e d  by  5 - h y d r o x y t r y p t a m i n e  and  by  
smaller  amo u n t s  of h i s tamine ,  was carried out  by  using 
gel f i l t ra t ion  on Sephadex  G-10. P repa ra t i ve  paper  
e lectrophoresis  was used as a f inal  pur i f ica t ion  step.  

On high vol tage  e lect rophoresis  on paper ,  the  act ive 
spot had the mobility of ~ positively charged peptide in 
neut ra l  and acidic med i u m (Evs = 0.25 His, El .  ~ = 0.35 
Glu). The spot  was nega t ive  to  n inhydr in ,  deno t ing  the  
absence of lysine and of a free N- t e rmina l  amino group, 
whereas  it was posi t ive  to the  Pau ly  r eagen t  for h is t id ine  
and  to  the  reagents  for t r y p t o p h a n  (p -d imethy lamino-  
benza ldehyd  and NNCD5 reagents) .  
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2-Chloro-4-nitrobenzenediazoniumnaphthalene-2-sulphonate. 


