
15. VII. 1961 Brevi comunicazioni - Brief Reports 313 

Bei  der  Durchs ich t  der  Arbe i ten  fiber die Isol ierung yon  
Inha l t s s to f fen  des Mais lenkte  sich unsere Au fmerksamkei t  CH30 ~ ° " ] - 0 C 6 H I !  0~ 
auf  eine ktirzl ich yon  VIRTANEN et  al. 7-ta bearbe i te te  Sub- " __~('-N-fl = 0 
s tanzgruppe.  Ausgehend  v o n d e r  fungiz iden Akt iv i t / i t  des [ 
Benzoxazolons  7 sowie des 6-Methoxybenzoxazolons  s, iso- 0H 
l ier t  aus  Roggen  bzw. Mais und Weizen,  fanden  sie, dass  1I 
diese K6rper  in Wirk l i chke i t  Ar te fak te  sind. Die  in den 
Pf lanzen  v o r k o m m e n d e n  Prekursoren  sind Glucoside,  
denen  die Kons t i t u t i on  (II) zukommt .  Durch  E n z y m -  
e inwirkung  b i lde t  sich be im ZerstSren des pf lanzl ichen 
Gewebes  das  en t sprechende  Aglucon  (I I I ) ,  das  u n t e r  
Hi tzeeinf luss  in das  Benzoxazolon  (IV) i ibergeht  9-12: 

Die oben aufgez~ihlten Charak te r i s t ika  der  yon  uns aus 
Mais isolierten, offensicht l ich mi t  S imazin  (I) interferie-  
renden Subs tanz  CgH~NO 5 lassen auf  Iden t i t i i t  m i t  ( I I I )  
schliessen. 

Die F~ihigkeit dieses 2, 4-Dihydroxy-7-methoxy-1 ,  4- 
benzoxazin-3-ons  (III) ,  m i t  Simazin  (I) reagieren zu 
k6nnen,  wurde  in fo lgendem Versuch  best~itigt: 2,5 mg  
der  Verb indung  IIT wurden  in 10 ml  Phospha tpu f fe r  
p H  3,6 (0,15 m) gel6st und mi t  0,1 mg  Simazin,  das seiner- 
seits in 25 ml  Wasser  gel6st war,  verse tz t .  N a c h  vier-  
t~gigem Aufbewahren  des Reakt ionsgemisches  im Dun-  
keln bei R a u m t e m p e r a t u r  wurde  das unve r~nde r t e  
Simazin mi t  Chloroform ext rah ier t ,  m i t  Schwefelsaure zu 
H y d r o x y - S i m a z i n  hydro lys ie r t  und die E x t i n k t i o n  des 
Ka t ions  dieser Subs tanz  bei 240 m #  gemessen s. Es  
konn ten  nu r  noch 15% des e ingesetz ten Simazins  auf-  
gefunden  werden.  Demgegeni iber  war  im en t sp rechenden  
Kont ro t lve r such  ohne  Zugabe  yon  (III)  noch si imtliches 
S imazin  unve r~nde r t  vorhanden .  

Gleiche U m s e t z u n g s r a t e n  wurden  auch erhal ten,  wenn  
an  Stelle yon  2, 4 -Dihydroxy-7 -me thoxy-1 ,4 -benzoxaz in -  
3-on das  2 ,4 -Dihydroxy- l , 4 -benzoxaz in -3 -on  oder  die 
be iden en tsprechenden  Glucoside e ingesetz t  wurden  ~. 
Verb indungen  v o m  T y p  der  Benzoxazolone  (IV), wie sie 
durch  Erh i t zen  der  2 ,4 -Dihydroxy-benzoxaz inone  ent-  
stehen,  ve rm6gen  mi t  S imazin  n ich t  zu reagieren;  die ein- 
gangs erw/ihnte  Hi tzeempf ind l ichke i t  der  Abbauak t iv i t / i t  
des MaispreBsaftes f inder dami t  ihre Erkl~rung.  

VIRTANEN fand in den Pf lanzen  Glucosidgehal te  yon  
Promil le-Gr6ssenordnung13;  demgegeni iber  liegen die in 7 
den Pf lanzen  gefundenen S imaz inmengen  in der  Gr6ssen- 
o rdnung  eines h u n d e r t s t e l  Promilles,  so dass das in den s 
Abbauve r suchen  eingesetzte  Verh~l tnis  ungefAhr, dem 
natf i r l ichen entsprechen diirfte.  

Die genauen  Zusammenh~nge  der  In te r fe renz .  yon  ,0 
Simazin  und  ~Lhnlichen Verb indungen  mi t  Subs tanzen  
yore  T y p  I I  und  I I I  bedfirfen noch wei terer  Abkl~Lrung. n 
Widerspruchsvol l  erscheint  zunK¢hst die Tatsaehe,  dass 
Subs tanzen  v o m  T y p  I I  und  I I I  auch  aus Pf lanzen  wie u 
Weizen  und  Roggen  isoliert  wurden,  die gegen Simazin  
re la t iv  empfindl ich  sind. Abgesehen davon,  dass ihr  Geha l t  x, 
un t e r  den  einzelnen Pf lanzenspecies  und  sogar  Sor ten  
var i ie ren  kann  und  sich auch m i t  d e m  Entwick lungs -  
s t ad ium der  Pf lanzen  ~nder t  la, zeigen z u m  Beispiel  neuere  ,~ 
Untersuchungen ,  dass de r  Mais seine aussergew6hnl iche 
Resistenzf/~higkeit  gegeni iber  S imazin  n ich t  nu r  der  *~ 
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F£higkei t ,  diesen ~Virkstoff abzubauen ,  ve rdank t .  Diese 
is t  auch  andern  Pf lanzen  eigen 4A5,1~. Als wei terer  wich-  
t iger  F a k t o r  wurde  aber  gefunden,  dass der  Mais in man-  
chen  Fiil len re la t iv  weniger  Simazin  a u f n i m m t  als andere  
Pf lanzen  5,~; so diirfte ein giinstiges Verh~iltnis der  Menge 
des vo rhandenen  abbauenden  Sys tems  zur  aufgenom-  
menen  Menge des abzubauenden  Subs t ra tes  das Auf t r e t en  
phy to tox i sche r  Konzen t r a t i onen  verh indern .  Fe rne r  
scheint  es, dass, noch weitere,  anders  gear te te  p h y s i o -  
logische Sys teme exist ieren,  die eine Resis tenz gegeni iber  
Tr iaz inherbiz iden  bedingen k6nnen.  Un te r suchungen  in 
diesen R ich tungen  sind im Gange, 

Summary. 2 ,4 -Dihyd roxy -7 -me thoxy- l , 4 -benzoxaz in -  
3-one (III) ,  isolated f rom corn sap, detoxifies the  herbic ide  
Simazine,  2-chloro-4, 6-bis-ethylamino-s- t r iazine,  in vitro. 
2,4-Dihydroxy-1 ,  4-ber~zoxazin-3-one and the  correspon- 
d ing  na tu ra l  precursors  of i t  and  of (III) ,  glucosides, 
behave  in t he  same manner .  I t  is v e r y  likely, therefore ,  
t h a t  these gtucosides and  aglucones p l ay  a role in the  
resis tance p h e n o m e n a  of some p lan t  species agains t  S im-  
azine and  re la ted  p h y t o t o x i c  compounds .  6 -Methoxy-  
benzoxazolone  and  benzoxazolone,  de r ived  f rom the  
abovemen t ioned  benzoxazinones  by  heat ing,  do n o t  
in terfere  wi th  Simazine.  

W.  ROTH und E .  KN()SLI 

Wissenscha/tliche Laboratorien der J. R. Geigy A .G., Basel, 
74. April 1961. 
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E l e c t r o n m i c r o g r a p h s  o n  th e  P l a s t i d s  in  the  R o o t  
of Azolla imbricata 

Plas t id  s t ruc tures  of h igher  plants  h a v e  been prev ious ly  
inves t iga ted  in deta i l  wi th  the  l ight  microscope as well as 
w i th  t he  e lectron microscope.  As to the  chloroplasts  of 
h igher  plants ,  i t  is general ly  recognized t h a t  t h e y  consist  
of the  grana,  which conta in  the  p igment ,  and of a colour-  

less s t roma 1. However~ in the  chloroplas ts  of lower plants,  
e.g. some algae (Euglena, Chlamydomonas, Chlorella, Spiro- 
gyra, Nitella, and Fucus)2,3 t he  def ined g rana  s t ructures  
are no t  observed,  b u t  the  lamel lae  are fair ly well  ordered  3. 

x E. STEINMANN and F. S. SJ6STRAND, Exp. Cell Res. 8, 15 (1955). 
D. yon WETTSTEIS, Hereditas 43, 303 (1957), 

8 A. J. HODGE, J. D. McLEAN, and F. V. MERCER, J. biophysic. 
biochem. Cytol. 1,605 (1955). 
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Fig. 1. Central area of the root cells. × 1~ 000. 

Fig. 3. Three plastids which contain starch grains and one which 
does not. x 35000. 

Fig. 2. A plastid which has lamellae and grana-like structures but 
no starch grain. × ~8000. 

p = plastid, pp = proplastid, gls = grana-like structure, st = starch 
grain, m = mitoehondrion, pm = plasma membrane, cw = cell wall, 

is = intercellular space. 

I n  t he  p r e s e n t  inves t iga t ion ,  w i t h  t he  e lec t ron  micro-  
scope the  a u t h o r  s tud ied  the  s t ruc tu r e  of p las t ids  in t h e  
root  cells of an aqua t i c  fern species,  Azolla imbricata 
Nakai ;  and  i t  was  revealed  t h a t  t he  p las t ids  in the  root  of 
th is  fern are of a ch loroplas t  na tu r e  : the  in te rna l  s t ruc ture ,  
especially,  exh ib i t s  t he  grana-like s t ruc tu re  which  is 
a s sumed  to  be an  i n t e r m e d i a t e  s t ruc tu re  be tween  those  of 
h igher  and  lower p lan ts .  

The  roo ts  were  f ixed by  1% osmic t e t r a o x i d e  so lu t ion  
buf fe red  to  p H  7.4 w i t h  ve rona l -ace ta te ,  e m b e d d e d  b y  
m e t h a c r y l  resin ( b u t y l - m e t h a c r y l a t e  8 : m e t h y l - m e t h a c r y -  
la te  2), sec t ioned wi th  glass-knives  by  a J U M - t y p e  micro- 
tome,  and  p h o t o g r a p h e d  wi th  a J E M - 5 G  t y p e  e lec t ron  
microscope.  

A l mo s t  alt p las t ids  h a v e  a s t ruc tu r e  of a ch lorop las t  
na ture ,  i .e.  a tamel lar  and  grana-like s t ruc tu r e  (Figures 
1-3). In  F igure  2 a typ ica l  one is p r e s e n t e d :  i ts  b o u n d a r y  
m e m b r a n e  is of double  s t ruc tu re ;  severa l  paral lel  lamel-  
lae of double  s t ruc tu r e  are observed  as t he  in te rna l  
s t ruc tu res ;  some piles of t he  grana-like s t ruc tu re  are 
loca ted  here  and  there  on t h e  lamel lae;  in t he  s t r o m a  
are obse rved  some spher ica l  bodies  ot h igh  e lec t ron  
d e n s i t y  h av i n g  t h e  appea rance  of carotenoid-like pig- 
men t s .  These  s t ruc tu r a l  fea tures  of ch lorop las t  (lamellae 
and  grana-like), on the  basis of the  obse rva t ions  m a d e  
in th is  inves t iga t ion ,  are there fore  r igh t ly  cons idered  to  
be an  i n t e r m e d i a t e  s t ruc tu re  b e t w e e n  those  of h igher  and  
lower p lants .  
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As to  t he  ques t ion  of t he  or ig in  a n d  d e v e l o p m e n t  of t h e  
p l a s t i d  s t r u c t u r e  ( lamel lae  a n d  grana) ,  t h e  fol lowing 
c o n t r a d i c t o r y  o b s e r v a t i o n s  h a v e  been  p rev ious ly  r e p o r t e d  : 
(I) on  t h e  one  h a n d ,  t h e  g r a n a  a re  d i f f e r en t i a t ed  a f t e r  
f o r m a t i o n  of t h e  lamel lae  (WETTSTEIN 2 HODGE*), a n d  (2) 
on  t h e  o ther ,  prec ise ly  t h e  oppos i te  op in ion  (M/JHLETHALER 
et  al. ~). I n  t h e  case of t h e  ch lo rop la s t s  found  in t h e  roo t s  
of t h i s  fern,  t h e  grana-like s t r u c t u r e s  seem to be  d i f feren-  
t i a t e d  a f t e r  f o r m a t i o n  of t h e  l ame l l a r  s t ruc tu res .  

F i g u r e  1 shows  t h e  c e n t r a l  p o r t i o n  of one  roo t  n e a r  t he  
t i p  whe re  t h e  cells a re  in  t h e  more  u n d i f f e r e n t i a t e d  s t a t e .  
P l a s t i d s  in  va r ious  d e v e l o p m e n t a l  s tages  c an  be  obse rved  
in each  cell. T h e  y o u n g  u n d i f f e r e n t i a t e d  p l a s t i d s  of 
s imple r  s t r u c t u r e  cons is t  of on ly  2 or  3 lamel lae  (Figure  1). 
T h e y  would  be  r e g a r d e d  as t h e  t yp ica l  p r o p l a s t i d s  b y  
MUHLETHALER e t  al. s a n d  BOPP-HASSENKAMP 6, a l t h o u g h  
t h e r e  a re  some  oppos ing  a r g u m e n t s  b y  seve ra l  inves t i -  
ga to r s  as  t o  t h e  p r o p e r  de f in i t ion  of p rop la s t id .  

Some,  b u t  n o t  all, of t h e  p las t ids  c o n t a i n  s t a r c h  g ra ins  
(Figures  1 a n d  3). The  one s h o w n  in F i g u r e  3 is filled w i t h  
large grains .  Such  p las t ids  m a y  be  cal led a m y l o p l a s t s  ? 
T h e y  also c lear ly  possess  t h e  l amel l a r  a n d  grana-like 
s t r u c t u r e .  Therefore ,  t h e y  h a v e  t h e  a p p e a r a n c e  of b o t h  
a m y l o p l a s t s  a n d  ch loroplas t s .  H e r e i n  t h e y  a re  cal led 
ch lo rop la s t s  t e n t a t i v e l y :  o n l y  t he  p las t ids ,  in  wh ich  s t a r c h  
g ra ins  are  i n c l u d e d  a n d  o t h e r  s t r u c t u r a l  e l e m e n t s  c a n n o t  
be  pos i t i ve ly  recognized,  are cal led amylop la s t s .  

I t  shou ld  be  n o t e d  f u r t h e r  t h a t  t he  p las t ids  of t he  roo ts  
of th i s  fern  are  all  of a ch lo rop la s t  n a t u r e  a n d  some of 
t h e m  seem to  h a v e  t h e  func t ions  b o t h  of p h o t o s y n t h e s i s  
(p roper  on ly  to  ch lorop las t s )  a n d  of s t a r c h  re se rvo i r s  

(proper  on ly  to  amylop las t s ) .  The  roots  of h ighe r  p l a n t s  
n o r m a l l y  lack t he  func t i on  of p h o t o s y n t h e s i s ;  i.e., t h e y  
h a v e  n o t  ch lo rop la s t s :  t he  p l a s t i d s  of t h e i r  roo ts  inc lude  
p rop las t ids ,  Ieucoplas t s  a n d  amylop la s t s .  

However ,  s ince t h e  fern s tud ied  here  a lways  f loa ts  on  
t he  wate r ,  i t  seems v e r y  l ikely t h a t  t he  roo ts  s u s p e n d e d  as 
t h e y  are  in  t he  w a t e r  are  accessible  to  l igh t  a n d  would  
possess t he  f u n c t i o n  of p h o t o s y n t h e s i s .  The  l igh t  micro-  
scope  revea ls  f u r t h e r m o r e  t h a t  a l m o s t  al l  p l a s t ids  are  
yel lowish-green,  l ike t he  o r d i n a r y  ch lorop las t s ,  a n d  t h a t  
t h e y  r e a c t  pos i t ive ly  to  I~-KI as wel l  as  to  Li l l ie 's  poly-  
sacchar ide  s ta in ing .  I t  m a y  be  supposed ,  there fore ,  t h a t  
t he re  m i g h t  be  some r e l a t i onsh ip  b e t w e e n  t he  grana-like 
s t r u c t u r e  a n d  t he  s t a r c h - c o n t a i n i n g  power  of t he  chloro-  
p la s t s  a n d  the  a b o v e - m e n t i o n e d  h a b i t a t .  

Zusammen[assung. Alle P l a s t i den  in d e n  VCurzelzellen 
v o n  Azolla imbricata erweisen  s ich e l e k t r o n e n m i k r o s k o -  
p i sch  als  y o n  C h l o r o p l a s t i d e n - N a t u r .  Sic zeigen g r a n e n -  
a r t ige  S t r u k t u r e n  u n d  e n t h a l t e n  z u m  Tell  S tArkek6rner .  

I n  e in igen  Zellen de r  W u r z e l m i t t e  w e r d e n  a u c h  Pro -  
p l a s t i d e n  fes tgestel l t .  

S. KAWAMATU 

Biological Institute, Aichi Gakugei University, Okazaki 
(Japan), February 75, 1961. 
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The  Act ion of a Phenoth iaz ine  Der ivat ive  on 
E n z y m e s  of  the  Pent o se  P h o s p h a t e  P a t h w a y  1 

P h e n o t h i a z i n e  d e r i v a t i v e s  h a v e  been  i m p l i c a t e d  as in-  
h i b i t o r s  of m a n y  e n z y m e  s ys t em s  2-4. I t  h a s  also been  ob-  
se rved  t h a t  t h e y  are  i nh ib i t o r s  of h u m a n  e r y t h r o c y t e  
m e t a b o l i s m  in t he  p resence  of m e t h y l e n e  b lue  6, p r e s u m -  
ab ly  b y  i n h i b i t i n g  a n  e n z y m e  of t he  pen t o s e  p h o s p h a t e  
p a t h w a y .  The  p r e s e n t  r e p o r t  e x t e n d s  t h e  o b s e r v a t i o n s  on  
t h e  p e n t o s e  p a t h w a y  b y  s t u d y i n g  t h e  effect  of p h e n o t h i a -  
zinc d e r i v a t i v e s  on  g lucos e - 6 - phos pha t e  d e h y d r o g e n a s e  
(G-6-PD) a n d  6 - p h o s p h o g l u c o n a t e  d e h y d r o g e n a s e  (6- 
PGD)  in h u m a n  e r y t h r o c y t e s .  

Blood  f rom h e a l t h y  donor s  was  col lected in t u b e s  con-  
t a i n i n g  hepa r in .  The  cells were w a s h e d  t h r e e  t imes  w i t h  
0.14 M NaC1 a n d  p a c k e d  b y  c e n t r i f u g a t i o n  a f t e r  e ach  
wash ing .  T h e y  were  s u b s e q u e n t l y  t a k e n  u p  in dis t i l led  
w a t e r  a n d  h e m o l y z e d  b y  a l t e r n a t e  f reezing a n d  t hawing .  
Th i s  p r e p a r a t i o n  was  used as a source  of e n z y m e s  a n d  was  
p r e p a r e d  f resh  dai ly .  All  ope ra t i ons  were  ca r r ied  o u t  a t  4 ° . 
O x i d a t i o n  of g lucose -6 -phospha t e  (G-6-P) a n d  6 -phospho-  
g l u c o n a t e  (6-PG) was  fol lowed b y  c o n v e n t i o n a l  W a r b u r g  
t e c h n i q u e s L  

O b s e r v a t i o n s  s h o w e d  t h a t  t h e  p h e n o t h i a z i n e  d e r i v a t i v e  
( th ioperaz ine)  exe r t ed  a n  i n h i b i t o r y  ef fec t  w h e n  e i t h e r  
G-6 -P  or  6 -PG was  used  as s u b s t r a t e  (Table  I). Pre-  
i n c u b a t i o n  of t h e  p h e n o t h i a z i n e  w i t h  t h e  e n z y m e  a t  27 ° 
for 30 ra in  p r io r  to  t he  a d d i t i o n  of G-6-P  or  t r i p h o s p h o -  
py r id ine  nuc leo t ide  (TPN)  increased  t he  inh ib i t i on .  T P N ,  
on  t h e  o t h e r  h a n d ,  w h e n  p r e i n c u b a t e d  w i t h  t h e  p h e n o -  
t h i a z i n e  p a r t i a l l y  p r o t e c t e d  t h e  e n z y m e  s y s t e m  aga i n s t  
i nh ib i t i on .  I n  those  cases whe re  6-PG was  used as  s u b s t r a t e ,  
t h e  r e su l t s  o b t a i n e d  on  p r e i n c u b a t i o n  were  equ ivoca l  a n d  
are  st i l l  u n d e r  i nves t iga t ion .  

The  T P N  effect  was  f u r t h e r  s t ud i ed  b y  v a r y i n g  t he  
T P N  c o n c e n t r a t i o n  in t he  sys t em.  I t  c a n  be  n o t e d  f rom 
T a b l e  t i  t h a t  a n  increase  in t he  T P N  c o n c e n t r a t i o n  h a d  a 
s ign i f i can t  effect  on  t h e  i n h i b i t i o n  p roduced  b y  t he  p h e n o -  
th iaz ine .  F o r  example ,  a s y s t e m  c o n t a i n i n g  0.46 vmoles  
of T P N  in t he  presence  of a c o n s t a n t  a m o u n t  of p h e n o -  
t h i a z i n e  r e su l t ed  in a n  i n h i b i t i o n  of 49% of t he  G-6 -PD 
ac t iv i ty ,  whe reas  1.84 ~tmoles of T P N  decreased  t he  in- 
h i b i t i o n  to 19%.  

Tab. I. Effect of thioperazine * on G-6-PI) activity 

Conditions % Inhibition (range) 

No preincubation 31-33 
Preincubation 30 min with inhibitor 49-59 
Preincubation 30 rain with inhibitor plus TPN 28-38 

Assay System: 0.10 ml hemolyzate; (L50 nil glycylglycine buffer, 
pH 7.4; 0.3l [/.moles methylene blue; 40 [zmoles MgCI2; 0.92 lxmoles 
TPN; 15 [zmoles G-6-P; 1.5 ptmotes phetxothiazine. Total vol. 3.0 ml. 

a This particular phenothiazine used because of its solubility at 
pH 7.4. 
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