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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 .  
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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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The results reported confirm previous studies on the 
intact erythrocyte. In addition, it is now possible to be 
more specific regarding the enzyme systems involved. In- 
hibition was noted when either G-6-P or 6-PG was used as 
substrate. Since preincubation favors increased inhibition, 
it would appear, at least in the case of G-6-PD, that  the 
phenothiazine blocks sites necessary for the action of the 
enzyme. By preincubating in the presence of TPN the 
inhibition is decreased, suggesting the preferential affinity 
of the apoenzyme for the TPN, thus preventing the 
enzyme-phenothiazine interaction. Alternatively, it is also 
possible tha t  TPN forms a complex with the phenothia- 
zinc, thus preventing its binding to the apoenzyme. 

I t  has been previously reported ~ tha t  T P N  stabilizes 
partially purified G-6-PD from erythrocytes. More 
recently, MARKS et al. ~ have presented evidence to in- 
dicate tha t  TPN or G-6-P protects purified G-6-PD 
against inactivation by heat. The latter authors suggest 
tha t  the substrate and coenzyme are important  to the 
stability of the enzyme structure. In view of this, it is 
conceivable tha t  phenothiazine inhibits the enzyme by 
influencing the TPN-enzyme interaction. 

Similar findings have been reported in studies of other 
coenzymes. LASSLO and MEYER a have reported a pheno- 
thiazine-enzyme complex with the D-aminoacid oxidase 
system and point to the structural analogy between the 
N-alkyl substituted phenothiazine and the N-r ibi tyl  sub- 
st i tuted isoalloxazine moiety of flavin adenine dinucleo- 
tide (FAD), the coenzyme for this system. In addition, 
YAGI et a1.10 have demonstrated the formation of com- 
plexes of chlorpromazine and flavins. They suggest tha t  
such an effect may have important  in vivo significance, 
particularly in view of previous work which indicated tha t  
modifications in electroencephalogram patterns induced 
by chlorpromazine could be reversed by FAD n 

T a b .  I I .  E f fec t  of T P N  c o n c e n t r a t i o n  on  inh ib i t ion  of Glucose-6-  
phosphate dehydrogenase 

TPN (lxmoles) % Inhibition 

0.46 49 
0.92 4~ 
1.38 30 
1.84 19 

Phenothiazine Concentration 1.5 ~tmoles. Assay: same as under Table I. 

Rdsumd. La thiop6razine, qui est un deriv6 de la familte 
de la ph6nothiazine, a le  pouvour d' inhibition sur l 'activit6 
du glucose-6-phosphate d6hydrog6nase et du 6-phospho- 
gluconate d6hydrog6nase dans les globules rouges. Ce 
pouvoir est modifi6 si on ajoute du TPN dans Ie syst&me 
enzymatique. Le degr6 de cette modification correspond 

la dose de TPN employee. 
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I~tude c y t o c h i m i q u e  des  g r o u p e s  su l fhydri les  au 
cours  des  m o d i f i c a t i o n s  de la d~terminat ion  e m -  
bryonna ire  chez  l'oeuf de l 'ours in  Paracen t ro tus  

l iv idus 

Le d~veloppement de l'ceuf d'oursin est gouvern6 par 
les relations mutuelles et comp~titives entre un gradient 
animal et un gradient v6g6tal 1. L'6quilibre entre ces deux 
gradients peut ~tre modifi6 exp6rimentalement par des 
m6thodes op6ratoires ou par Faction d'agents chimiques 
appropri6s, avec comme cons6quence l 'extension des 
structures entom6sodermiques (v6g6talisation) ou ecto- 
dermiques (animalisation). 

Nous nous proposons d 'examiner et de comparer la dis- 
tr ibution des groupes sulfhydriles dans les embryons v6g6- 
talis6s, animalis6s et t~moins. Les consid6rations suivantes 
font ressortir l'int6r~t de t'6tude des groupes sulfhydriles 
au cours des modifications expdrimentales de la d6ter- 
mination embryonnaire. L'animalisation est en effet pro- 
voqufe  par certaines substances capables de r6agir avec 
les groupes sulfhydriles telles que l 'acide o-iodosobenzo- 
ique ~, un d6riv6 organique du mercure, le Salyrgan 3, ainsi 
qu 'un d6riv6 sulfhydriM, l 'acide thiomalique 4. D 'autre  
part, l 'animalisation et la v6gdtalisatioli interf~rent avec 
les gradients de rfduct ion mis en 6vidence par CHILD s e t  
H ~ R S T A D I U S  e a u  c o u r s  d u  d6veloppement embryonnaire;  
ces gradients peuvent  correspondre A une rdpartition in- 
6gale de substances r6ductrices parmi lesquelles on peut 
consid6rer les d6riv6s sulfhydril6sL 

2ddthodes. Les ceufs de l 'oursin Paracentrotus lividus sont 
utilis6s dans ces exp6riences. Les oeufs f6cond6s et laves 

sont divis6s en trois groupes. L 'un de ces groupes con- 
stitue les embryons t6moins que l 'on fixe ~ ta fin de la 
gastrulation, "au moment  de la formation du m6senchyme 
secondaire. L'animalisation est provoqu6e en t ra i tant  les 
ceufs f~cond6s par une solution contenant  0,004% de 
chlorure de zinc dans l 'eau de met  8. La v6g6talisation est 
obtenue en t ra i tant  Ies oeufs f6cond6s par une solution de 
chtorure de l i thium A ta concentration 0,026 M. Aprbs 24 h 
les embryons sont enlev6s des solutions, lav6s et report6s 
dans l 'eau de mer normale off ils poursuivent leur d6ve- 
loppement pendant  20 h. Toutes les cultures sont faites 
la temperature du laboratoire. Les embryons animalis6s 
sont des blastulas hypercili6es pr6sentant une extension 
consid6rable de l'6paississement apical ectodermique et de 
la touffe cili6e apicale. L'archent6ron n'est  pas form6; 
quelques cellules m6senchymateuses sont situ6es au p6te 
v6g6tal. Les embryons v6g6talis6s sont caract6ris6s par 
une 6norme v6sicule entodermique ~ parois 6paisses et par 
une peti te v6sicule ectodermique g parois minces. Des 
cellules m6senchymateuses et des cellules pigmentaires 
sont r6parties dans te blastoc~le. 
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