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Ergebnisse und Diskussion. Kall i  en t s tanden  nur  an 
E x p l a n t a t e n  auf dem Medium l a  (Tabelle). Bei  der an- 
schliessenden tZult ivat ion des Kallusgewebes auf diesem 
N~hrmed ium waren die Zellw~nde zunXchst i iberwiegend 
braun  gefArbt und s tark s t ruktur ier t .  Ers t  nach 3 Mona- 
t en  en ts tand  ohne VerXnderung der Kul tu rbed ingungen  
hellgelber, lockerer, wfichsiger Kallus. E r  wurde auch auf 
die N/ihrlnedien l b  und 2 (Tabelle) fibertragen. Dieses 
Mater ia l  verzehnfacht  sein Fr ischgewicht  w~hrend einer 
Subkul tur .  Es bi ldet  Alkaloide, die teilweise in das Medium 
abgegeben werden. Wie bei der  als Ausgangsmater ia l  
ve rwende ten  M. microcarpa t re ten  vor  a l lem Pro top in  und 
Al lokryptopin  auf. Auch das gegenseitige Verh~tltnis dieser 
Alkaloide entspr icht  im wesent l ichen dem in der in tak ten  
Pflanze. Sanguinar in  ist  in der Gewebekul tur  unregel-  
mAssig vorhanden.  W~Lhrend einer Subkul tu r  produzieren 
die Zellen 0,20 his 0,25% ihrer  Trockensubs tanz  an 
Pro top in  und Allokryptopin.  Als Analysenwer t  ffir die 
gesamte  M. rnicrocarpa-Pflanze fanden wi t  0,32% der 
Trockensubs tanz  an Pro topin  und Al lokryptopin  (BlXtter 
0,17%, Stengel  0,16~ Wurze l  1,6~ Die Biosynthese-  
leis tung der Gewebekul tur  ist  also vergle ichbar  nfit  der 
Produktivit~Lt der Gesamtpflanze.  

Die yon NEUMANN und MOLLER 3 beschriebenen gelben 
Zellen k6nnen l ichtmikroskopisch nachgewiesen werden. 
Sic ergeben bei Behandlung  der Gewebeschni t te  mi t  
Mandel -Reagenz  einen Niederschlag,  der auf eine AnhXu- 
fung yon Alkaloiden schliessen 1Xsst. Ihre  F~Lrbung wird 
jedoch nicht,  wie frfiher angenommen  3, durch Sanguina- 
rin allein verursacht ,  denn auch Sanguinarin-freie  Gewe- 
bekul turen  en tha l ten  gelbe Zellen. Der  veran twor t l i che  
gelbe Farbs tof f  besi tz t  nach seinem Verhal ten  bei der 
Isol ierung yon Alkaloiden aus der Gewebekul tur  keinen 
Alkaloidcharakter .  T ro tzdem weist  sein V o r k o m m e n  auf 
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die Bi ldung und Speicherung yon Alkaloiden hin (Signal- 
faktor) : Die Selekt ion und Kul t iva t ion  yon in tens iv  bzw. 
schwach gef~Lrbten Teilen der M. microcarpa-Gewebekul- 
tu ren  t i ihrt  in der Regel  zu alkaloidreichen bzw. alkaloid- 
a rmen Gewebekul tur-Linien,  die beispielsweise 0,40% 
bzw. 0,10% Pro top in  und Al lokryptopin  bezogen auf die 
Trockensubs tanz  der Zellen besitzen. Linien mi t  ver-  
schiedenem Alkaloidgehal t  unterscheiden sich nicht  
grunds/t tzl ich in ihrer Wachstumsintensi tS,  t. 

Gewebekul turen  aus M. microcarpa geh6ren dami t  
nicht  nur  zu den wenigen Gewebekul turen  yon  Alkaloid-  
pflanzen,  die Alkaloide in messbaren Mengen bilden, 
sondern ges ta t ten  im Zusammenhang  mi t  dieser Fgh igke i t  
kont inuier l iche Unte r suchungen  fiber Differenzierungs-  
vorg/inge. Sie weisen zugleich auf die Bedeu tung  yon 
Signalfaktoren ffir die Selekt ion s aueh bei e inem yon  der 
in tak ten  Pf lanze abgele i te ten Sys tem hin. 

Summary. Tissue cultures of the  Papaveracee  Macleaya 
microcarpa re ta ined the  capabi l i ty  of synthesiz ing al- 
kaloids (protopine, a l locryptopine,  sanguinarine) for 3 
years af ter  ini t ia t ion.  The alkaloids are accumula ted  in 
single, yel low-coloured cells scat tered in the  tissue. The  
colour of these cells is cont inuously  produced by  a yel low 
p igment  wi thou t  alkaloidal  propert ies .  The  orange 
alkaloid sanguinar ine occurs only irregularly.  Never the-  
less, selection of deep and weak coloured pieces of tissue 
cultures led to lines wi th  a high and a low con ten t  of 
alkaloids, respect ively.  
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Glutathione Perox idase  Act iv i ty  of Inorganic  Se l en ium and Se leno-DL-Cys te ine  

In  the  course of evolut ion,  biological  systems have  
seized upon the  re la t ive ly  meager  ca ta ly t ic  ac t iv i ty  of 
cer ta in  metals,  and have  grea t ly  amplif ied their  ac t iv i ty  
by  incorpora t ion  into a complex  organic matr ix .  For  
example,  inorganic iron has the  capac i ty  to decompose 
hydrogen  peroxide wi th  a ca ta ly t ic  coefficient of 10 -5. 
This  'ca ta lase '  ac t iv i ty  is amplif ied 1000-fold by incorpo- 
ra t ion  of the  iron into a porphyr in  ring, and is b rought  to 
its u l t imate  efficiency, an ac t iv i ty  108 to 10 l~ t imes  as 
great  as t ha t  of iron alone by  the  addi t ion  of the  protein 
moie ty  of the  enzyme,  cata lasel .  

I t  has recent ly  been demons t ra ted  t h a t  selenium forms 
an integral  pa r t  of the  g lu ta th ione  peroxidase molecule,  
in rats  2, sheep 3, cat t le  4, and man  5. We  now demons t ra te  
t l la t  inorganic selenium also has well-defined gluta th ione 
peroxidase act ivi ty ,  a lbei t  at  a level  considerably lower 
than  t h a t  of the  enzyme,  g lu ta th ione  peroxidase.  

Sodium selenite was obta ined  f rom J.T.  Baker,  and 
seleno-DL-Cystine and seleno-DL-methionine were pur-  
chased f rom Sigma Chemical  Corporation.  The  hemoly-  
sate and all selenium compounds  were dissolved in a 
solut ion conta ining 0.7 m M  fl -mercaptoethanol  and 2.7 
m M  E D T A ,  p H  7.0. Presumably ,  the  seleno-DL-cystine 
was reduced to seleno-DL-cysteine by  the  /5-mercapto- 
e thanol  and GSH.  Assays of g lu ta th ione  peroxidase 

ac t iv i ty  were carried out  by l inking the  format ion  of 
oxidized g lu ta th ione  (GSSG) to the  oxida t ion  of N A D P H  
through  g lu ta th ione  reductase,  according to the  principle 
original ly described by  PAGLIA and VALENTINE% The 
complete  assay sys tem for G S H - P x  conta ined Tris-HC1, 
0.1 M, p H  8.0 (25~ E D T A ,  0.5 raM;  GSH,  2.0 m M ;  
g lu ta th ione  reductase,  1 U / m l ;  N A D P H ,  0.2 r aM;  t- 
bu ty l  hydroperoxide ,  0.7 raM. The ' G S H - P x  ac t iv i ty '  of 
each p repara t ion  was de termined  by  measur ing  a t  37 ~ 
the  decrease in optical  dens i ty  at  340 nm of the  comple te  
system against  a b lank  f rom which only the  source of 
' enzyme '  (hemolysate,  sodium selenite, seleno-DL-cysteine 
or o ther  tes t  substance) has been omit ted .  An addi t iona l  
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Sodium Seleno-DL- Hemolysate 
selenite cysteine 
(U) (M) (U) 

Km GSH 9.9 • 10 -4 3.6 • 10 -4 1.02 • 10 -3 
K,,, t-butylhydroperoxide 2.3 • 10 -4 4.1 • 10 -4 3.2 • 10 -4 
Energyof activation (Kcal) 8.78 8.30 2.85 

b l a n k  d e t e r m i n a t i o n  was also car r ied  ou t  a t  each  sub-  
s t r a t e  c o n c e n t r a t i o n :  t he  change  of op t ica l  dens i t y  was 
m e a s u r e d  in a s y s t e m  c o n t a i n i n g  ' enzyme '  b u t  lack ing  
t - b u t y l  h y d r o p e r o x i d e  aga ins t  one lack ing  b o t h  'en-  
zyme '  a n d  t - b u t y l  hyd rope rox ide .  Th i s  b l a n k  cor rec ted  
for n o n - e n z y m a t i c  ox ida t i on  of g l u t a t h i o n e  b y  t he  'en- 
zyme ' .  The  F igure  shows t he  g l u t a t h i o n e  pe rox idase  
a c t i v i t y  of va r ious  c o n c e n t r a t i o n s  of hemolysa te ,  sod ium 
selenite,  seleno-DL-eysteine a n d  seleno-DL-methionine.  
The  G S H - P x  se len ium c o n t e n t  was  e s t i m a t e d  f rom the  
h e m o l y s a t e  e n z y m e  a c t i v i t y  based  u p o n  t he  fac t  t h a t  
homogeneous  G S H - P x  f rom h u m a n  red  cells ha s  a specific 
a c t i v i t y  of 100 U/ rag  p r o t e i n  5. Sod ium seleni te  a n d  seleno- 
DL-cysteine were b o t h  found  to h a v e  m a r k e d  G S H - P x  
ac t i v i t y  a t  c o n c e n t r a t i o n s  well  u n d e r  1 [zM/1. Seleno-DL- 
me th ion ine ,  on t he  o the r  h a n d ,  l acked  G S H - P x  ac t iv i ty .  
A l t h o u g h  sod ium seleni te  a n d  seleno-DL-cysteine h a d  
we l l -marked  GSI-I-Px ac t iv i ty ,  a n d  t h i s  a c t i v i t y  was l inear  
w i t h  respec t  to  se len ium concen t r a t i on ,  t he  a c t i v i t y  of 
h e m o l y s a t e  G S H - P x  was m u c h  higher ,  a p p r o x i m a t i n g  
a b o u t  5,000 t imes  t he  a c t i v i t y  of sod ium seleni te  and  
seleno-DL-cysteine w h e n  ca lcu la ted  on  t he  basis  of 
se len ium con ten t .  
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The rate of oxidation of glutathione (GSH) by selenium (Se-DL-CyS- 
teine, sodium selenite, Se-nL-methionine, and GSH-Px ~hemolysateJ) 
as a function of concentration of selenium. In the case of the he- 
molysate, selenium concentration has been estimated on the basis 
of the known selenium content of red cell glutathione peroxidase 
(GSH-Px) s. 

K ine t i c  s tud ies  of sod ium selenite,  seleno-DL-cysteine, 
a n d  h e m o l y s a t e  G S H - P x  were also ca r r ied  out.  W h e n  t he  
c o n c e n t r a t i o n  of e i the r  of t he  subs t ra tes ,  t - b u t y l  h y d r o -  
perox ide  or GSH,  was var ied ,  t he  r a t e  of o x i d a t i o n  of 
G S H  was found  to follow Michae l i s -Menton  kinet ics .  The  
Km for t - b u t y l  h y d r o p e r o x i d e  was d e t e r m i n e d  w i t h  a 
G S H  c o n c e n t r a t i o n  of 2 m M  a n d  t h a t  for GSH,  w i t h  a 
t - b u t y l  h y d r o p e r o x i d e  c o n c e n t r a t i o n  of 0.7 r aM.  The  
energy  of a c t i v a t i o n  was ca lcu la ted  f rom A r r h e n i u s  p lo ts  
a t  t e m p e r a t u r e s  r a n g i n g  f rom 35 to  45 ~ in t he  case of 
hemolysa t e ,  a n d  25 to  45~ in t he  case of seleno-DL- 
cys te ine  a n d  seleno-DL-methionine.  The  resu l t s  of our  
s tud ies  are  s u m m a r i z e d  in t he  Table.  

The  sod ium sal ts  of t he  fol lowing subs t ances  were 
t e s t ed  for  G S H - P x  a c t i v i t y  a t  1 tzM c o n c e n t r a t i o n :  
sulfite,  sulfate,  te l lur i te ,  t e l lura te ,  t e l lur ide  a n d  selenate .  
None  h a d  de tec t ab le  G S H - P x  a c t i v i t y  ( <  10% of t he  
a c t i v i t y  of selenite).  

I t  has  been  k n o w n  for m a n y  years  t h a t  sod ium seleni te  
ca ta lyzes  t he  a u t o o x i d a t i o n  of GSH.  I t  has  been  sugges ted  
t h a t  a se leni te  G S H  complex ,  of t he  form G-S-Se-S-G is 
a n  i n t e r m e d i a t e  in th i s  process  a n d  decomposes  to  G S S G  
a n d  Se7,8. W e  sugges t  t h a t  t h e  g l u t a t h i o n e  pe rox ida t i c  
effect  of se leni te  is exe r t ed  t h r o u g h  coupl ing  of t he  
ox ida t ion  of G S H  b y  seleni te  to  t he  r eox ida t ion  of t h e  
e l e m e n t a l  se len ium fo rmed  to  seleni te  b y  t - b u t y l  hyd ro -  
peroxide.  The  p u t a t i v e  r eac t ion  sequence  m a y  be  sum-  
mar ized  as follows : 

4 G S H  + HsSeO3--~  G S - S e - S G  + GSSG + 3 H 2 0  

G S - S e - S G  + GSSG + Se 

Se + 2 R - O - O H  + H~O--~  H2SeO . + 2 R - O H  

where  R is t he  t - b u t y l  group.  
The  a f f in i ty  of se leni te  or seleno-DL-cysteine for t he  

two subs t ra t e s ,  G S H  a n d  t - b u t y l  h y d r o p e r o x i d e  is 
s imi lar  to  t h a t  of t he  comple te  enzyme.  The m a i n  dif- 
ference b e t w e e n  the  e n z y m a t i c  form of se len ium and  
inorganic  or amino  acid se len ium is in  the  ene rgy  of 
ac t iva t ion .  I t  is of i n t e r e s t  t h a t  seleno-DL-methionine,  in 
wh ich  t he  se len ium a t o m  is b o n d e d  to two carbons ,  is 
ineffec t ive  as a G S H - P x .  

The  g l u t a t h i o n e  pe rox idase  a c t i v i t y  of se len ium re- 
p re sen t s  ano the r ,  new, example  of e n h a n c e m e n t  of t h e  
ca ta ly t i c  a c t i v i t y  of a m e t a l  b y  i ts  i nco rpo ra t i on  in to  a 
p ro te in .  

Zusammen/assung. G l u t a t h i o n p e r o x i d a s e  yon  S/tuge- 
t i e ren  is t  als Selen e n t h a l t e n d e s  E n z y m  b e k a n n t .  Die 
d u r c h  das  E n z y m  ges teuer te  R e a k t i o n  wi rd  a u c h  d u r c h  
N a t r i u m s e l e n i t  und  Seleno-Cyst in  ka ta lys ie r t ,  wobe i  die 
Ak t iv i t / i t  dieser  V e r b i n d u n g e n  j edoch  n u r  1/5000 der- 
j en igen  des Selens im mensch l i chen  E r y t h r o z y t e n e n z y m  
en t spr ich t .  
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