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a n  a lka l i - inso lub le  c o m p o u n d ,  C~0HzsO 4 (m. p.  176-177 ° C) 
resu l t ed .  T h e  l a t t e r  is iden t i f i ed  as  t h e  diethoxyindenoiso- 
c o u m a r i n  (VI). e - ]3enzy lhomoph tha l i c  acid i tsel f  a f fo rded  
on ly  t h e  isocoumarin (vii, m. p. 173°C) o n  cyc l i sa t ion .  
T h i s  s t r u c t u r e  is c o n f i r m e d  b y  t h e  s h a r p  l a c t o n e  c a r b o n y l  
a b s o r p t i o n  a t  5 -78  g (Ki3r  pe l le t t )  a n d  b y  c o n v e r s i o n  
i n to  l : 2 - B e n z o - 4 - a z a f l u o r e n e  (m. p. 163-164°C;  p ic ra te ,  
m.  p. 234-235°C) b y  c o n v e n t i o n a l  m e t h o d s .  F u r t h e r ,  re-  
d u c t i o n  of t h e  isocoumarin (vii) b y  l i t h i u m  a l u m i n i u m  
hyd r ide  ~ gave  t h e  r e l a t e d  isochromene (m. p. 103-104°C)  
which  was r ead i ly  c o n v e r t e d  in to  indeno-(3" :2"-3:4)-@o-  
b e n z o p y r y l i u m  p e r c h l o r a t e  (m. p. 197-199°C)  b y  t r e a t -  
m e n t  w i t h  t r i p h e n y l m e t h y l p e r c h l o r a t e  in  ace t ic  ac id  5. 

O t h e r  s u b s t i t u t e d  b e n z y l h o m o p h t h a l i c  acids  so far  
e x a m i n e d  h a v e  a f forded  on ly  t he  indenoisocoumarins. 
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A t  t h e  s p e r m a t o g o n i a l  m e t a p h a s e  (Fig. 1) t h e r e  a re  
fou r t een  c h r o m o s o m e s  o u t  of w h i c h  two  pa i r s  c an  be  dis-  
t i n g u i s h e d  as  r o d - s h a p e d  f rom t h e  r e m a i n i n g  t e n  m o r e  or  
less r o u n d  ones.  T h e  e igh t  e l e m e n t s  a t  t h e  m e t a p h a s e  of  
t h e  f i r s t  meio t ic  d iv i s ion  (Fig. 2) f o rm  t h e  t y p i c a l  r e d u v i i d  
p a t t e r n - t h e  six a u t o s o m a l  b i v a l e n t s  f o r m i n g  a r ing,  
s l igh t ly  ou t s ide  w h i c h  a re  t h e  two  sex ch romosomes ,  X 
a n d  Y. The  sex c h r o m o s o m e s  r evea l  on ly  a s l igh t  differ-  
ence  in size a m o n g  themse lves .  The  m e t a p h a s e  of t h e  sec- 
o n d  m e i o t i c d i v i s i o n  (Fig. 3) also p r e s e n t s  s ix  a u t o s o m a l  
e l e m e n t s  f o rming  a r ing  s o r r o u n d i n g  t h e  c e n t r a l l y  p l aced  
' p s e u d o - b i v a l e n t '  fo rmed  b y  X a n d  Y. The  two  compo-  
n e n t s  of t he  ' p s e u d o - b i v a l e n t '  d i f fer  s l igh t ly  in  t h e i r  size 
(Fig. 4). 

/ CH_CH 2 " ~ . / / ' -  

R = OMe, R '  = COOH ." 
R = OMe, R'  = H ~ • 
R =  OEt, R ' : =  COOH O • 

\ 
-.. 

o 

VI R = OEt  
XrII R = H 

J.  N. CHATTERJEA, H. MUKHERJIgE 

Chemical Laboratory, Science College, Patna (India), 
February 17 , 1960, 

Rdsumd 

Les  cyc l i sa t ions  des  ac ides  u - b e n z y l h o m o p h t h a l i q u e s  
o n t  p r o d u i t  u n  ke to -ac ide  $ 7 t e rmes ,  u n  indeno isocou-  
m a r i n  ou u n  md lange  des  deux .  

C h r o m o s o m e  M e c h a n i s m  i n  

P o l i d i d u s  a r m a t i s s i m u s  
( R e d u v i i d a e - H e t e r o p t e r a )  

The  genus  Polididus h a s  so f a r  b e e n  k n o w n  ~, 2 cy to logi -  
caUy b y  on ly  a s ingle species,  Polididus armatissimus. T h e  
diploid  n u m b e r  of c h r o m o s o m e s  in t h i s  species is twelve ,  
wh ich  inc ludes  a t y p i c a l  X Y  p a i r  of sex ch romosomes .  
The  l a t t e r  are  of a l m o s t  equa l  size a n d  b e h a v e  pos t -  
r educ t iona l ty  d u r i n g  meiosis.  Th i s  c h r o m o s o m e  n u m b e r  is 
the  lowest  a m o n g  al l  t he  r eduv i id s  so f a r  i n v e s t i g a t e d  
wh ich  are o therwise  cha rac t e r i s ed  b y  t h e  p resence  of a 
mu l t i p l e  X c h r o m o s o m e  a n d  a h i g h  n u m b e r  of ch r om o-  
somes  v a r y i n g  f rom t w e n t y - t h r e e  to  t h i r t y - t w o .  Only  in  
a few excep t iona l  cases is the  X simple.  On  a c c o u n t  of t h e  
s imple  X Y  sex -de t e rmin ing  m e c h a n i s m  a n d  t h e  lowes t  
n u m b e r  of chromosomes ,  t he  Polididus c o n s t i t u t e s  a n  in-  
t e r e s t i n g  m a t e r i a l  for  cy to logica l  inves t iga t ions .  

D u r i n g  t h e  s tud ies  on  t he  c h r o m o s o m e s  of I n d i a n  H e t e r -  
op te ra ,  t h e  a u t h o r  a-6 h a p p e n e d  to  e x a m i n e  Polididus 
armatissimus w h i c h  was found  to  differ  m a r k e d l y  in i t s  
k a r y o t y p e  f rom t h a t  a l r eady  descr ibed  :, ~. 
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Fig. 1. Spermatogonial metaphase (polar view). Fig. 2. Metaphase I 
(polar view). Fig. 3. Metaphase II (polar view). Fig. 4. Metaphase II 

(side view), only three elements are shown. 

Ut i l i s ing  t he  c h r o m o s o m e  d a t a  to  e s t ab l i sh  t h e  phy lo -  
gene t ic  r e l a t i onsh ip  in t h e  va r ious  famil ies  of H e t e r o p t e r a ,  
MANNA 6 a n d  BANERJEE ~ conc lude  t h a t  t h e  n u m b e r  
'12 + X Y '  r ep re sen t s  t h e  p r i m i t i v e  k a r y o t y p e  in H e t e r -  
o p t e r a  a n d  t h a t  t h e  evo lu t i on  of R e d u v i i d a e  f rom Lygae-  
o idea  h a s  been  a c c o m p a n i e d  b y  a n  increase  in t h e  bas ic  
n u m b e r  of c h r o m o s o m e s  a n d  a c h a n g e  f rom a s imple  X to  
m u l t i p l e  X cond i t ion .  Such  a n  a s s u m p t i o n  would  p o i n t  to  
t h e  p r i m i t i v e  n a t u r e  o f  t h e  k a r y o t y p e  in  t h e  genus  Poli- 
didus, where  t h e  '12 + X Y '  c o n d i t i o n  a p p e a r s  to  h a v e  
s u r v i v e d  as such.  F r o m  t h e  fac ts  t h a t ,  in  t h e  va r ious  spe- 
cies of t h e  f a m i l y  R e d u v i i d a e  w i t h  m u l t i p l e  X c h r o m o -  
some,  t h e  size of  t h e  Y is qu i t e  la rge  as  c o m p a r e d  w i t h  
t hose  of t h e  Xs ,  a n d  t h a t  t h e  sizes of t h e  i n d i v i d u a l  X s  
decrease  as t h e i r  n u m b e r  increases ,  i t  m a y  b e  conc luded ,  
as  a l r e a d y  suggested,  b y  TROEDSSONL t h a t  t h e  inc rease  
in  t h e  n u m b e r  of X s  in  t h e  t a m i l y  h a s  b e e n  accompl i shed  
b y  t h e  f r a g m e n t a t i o n  of t h e  o r ig ina l  X .  T h e  more  or  tess 
e q u a l  size of X a n d  Y in t h e  genus  Polididus, t h u s  f u r t h e r  
s u p p o r t s  t h e  p r i m i t i v e  n a t u r e  of i t s  k a r y o t y p e  a m o n g s t  
t he  r eduv i ids .  
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Rdsumd 

Le nombre diploIde des chromosomes du Pol id idus  
armat i s s imus  est de 14. L ' X  et  I 'Y sont de taille presque 
6gale. L'ensemble des chromosomes de cette esp6ce re- 
pr6sente un karyotype primitif pour la famille des Redu- 
viidae. 

Concerning the Free Amino Acids 
in the Hydroid T u b u l a r i a  z 

Recent ly FAULHABER and TARDENT 2 demonstrated the 
presence of fourteen free amino acids in alcohol extracts 
of two to three hydranths of Tubu lar ia  larynx.  Only six 
of these amino acids were detected in extracts of 40-60 
regenereted hydranths and 3 mm long segments of hydro- 
cauli. These results suggest tha t  relatively few free amino 
acids are present in tubularian tissues and tha t  marked 
qual i ta t ive differences in the distribution of free amino 
acids may exist between the morphologically distinct 
hydranth  and hydrocaulus. The results also suggest tha t  
the free amino acid composition of hydranths recently 
regenarated from hydrocaulus tissues is more like tha t  
of the hydrocaulus than tha t  of mature hydranths.  

The present report  is also concerned with the qual i ta t ive 
distribution of free amino acids and related substances in 
the mature hydranth, regenerated hydranth,  and hydro- 
caulus of Tubular ia .  The results, contrary to those of 
FAULHABER and TARDENT, suggest tha t  there are few if 
any quali tat ive differences in the free amino acid com- 
position of the hydrocaulus and the hydranth.  

Mater ia l s  and  Methods.  Hydranth  and hydrocaulus tis- 
sues of Tubular ia  crocea and T.  spectabil is  were prepared 
for alcohol extract ion of free amino acids by first remov- 
ing the hydranth  and then the distal 4 mm of the hydro- 
caulus. The lat ter  was discarded. The remaining unen- 
crusted portions of the hydrocauli  and the hydranths  were 
frozen, lyophilized, and stored at  --20 ° C. The nitrogenous 
substances were extracted from the lyophilized tissues with 
80% ethanol according to AWAPARA 3. Each extract  was 
centrifuged, filtered, and mixed in a separatory funnel 
with three volumes of chloroform. After standing, the 
aqueous layer was drawn off and evaporated to dryness. 
The residue was taken up in 10% isopropanol and the 
nitrogen content  adjusted to 11-12 mg N/ml. In order to 
detect  as many substances as possible 4, 8, 12, 16, and 
20 #1 quantit ies of the extracts were chromatogrammed. 

Chromatograms also were prepared of live tissues which 
were rinsed first in 10-3 M ethylenediamine tetraacetic 
acid (EDTA) in sea water, then in 10 -3 M E D T A  in 
distilled water, and applie(t directly to the paper and 
crushed 4. The following amounts of material  were chro- 
matogrammed in this way: 5-10 mature hydranths with 
gonophores, 30-180 regenerated hydranths which lacked 
gonophores and actinula larvae, and 30-50 hydrocaulus 
segmen,ts 1 cm long which were first homogenized and 
then chromatogrammed. 

Amino acids were separated by one- and two-dimension 
descending paper part i t ion chromatography, using ~That- 
man number 1 filter paper. The solvent system used for 
one-dimensional chromatograms was 1-butanol: acetic 
acid: water (4: 1 : 1). With  two-dimensional chromatograms 
this solvent was employed in the first direction and phe- 
nol :water :  8-hydroxyquinoline (80 : 20: 04) in the second 
direction. The amino acid spots were revealed by dipping 
the chromatograms in a solution of 0.5% ninhydrin in 
acetone. The spots were identified by comparing their 

ninhydrin color and Rf ' s  with those of known amino acids 
on chromatograms prepared simultaneously. 

Certain amino acids were identified further by t reat ing 
one-dimensional chromatograms of hydranths and hydro- 
cauli with other reagents. The sulfur amino acids-cyste ine ,  
cystine, me th ion ine -were  detected with sodium nitro- 
prusside reagents~; arginine with the Sakaguchi reaction 
and nitroprusside reagent*; proline with isatin 7; tyrosine 
and histidine with modified Pauly 's  reagentS; the hydro- 
xyamino ac ids-ser ine  and t h r eon ine -wi th  the Nessler- 
periodate testS; and hydroxyproline by first treating the 
chromatogram with 0.2% isatin in acetone and then 
spraying with Ehrlich's  reagent 9. Tryptophane was de- 
tected by its fluorescence under ultraviolet light. 

Taurine was not identified, nor were :¢- and fl-alanine 
distinguished as was done in the study of FAVLItABER and 
TARDENT 2. 

Results .  The following sixteen free amino acids were 
detected on chromatograms of crushed hydranths of T. 
crocea: alanine, aspartic acid, cysteine, cystine, glutamic 
acid, glutamine, glycine, hydroxyproline, leucines, lysine, 
methionine, proline, serine, threonine, tyrosine, and valine. 
Chromatograms of T. crocea crushed hydrocauli were si- 
milar but  lacked hydroxyproline, proline, cystine, and 
methionine. 

Chromatograms of alcohol extracts of T.  crocea revealed 
five additional free amino acids in hydranth  t i s s u e s -  
arginine, asparagine, histidine, phenylalanine, and t rypto-  
phane. Chromatograms of alcohol extracts of hydrocauli 
and of crushed regenerated hydranths were similar to each 
other as well as to those of extracts of mature hydranths,  
except tha t  cystine, methionine, and phenylalanine were 
not  detected. Thus of the twenty-one free amino acids pre- 
sent in mature hydranths, eighteen were detected in 
hydrocauli and regenerated hydranths. 

The free amino acid composition of alcohol extracts of 
T.  spectabilis hydranths was similar to tha t  of hydranth  
extracts of T.  crocea except  tha t  phenylalanine and histi- 
dine were not detected on T.  spectabilis chromatograms. 
Although similar in free amino acid composition to alcohol 
extracts of T. crocea hydrocauli, the extracts of T.  specta- 
bills hydrocauli  l a c k e d - i n  addition to cystine, methio- 
nine and phenylalanine--asparagine, histidine, hydroxy- 
proline, and proline. The quali tat ive differences between 
the free amino acids of hydranths and hydrocauli of the 
two species may be significant since the alcohol extracts 
had similar nitrogen contents. 

Seventeen unidentified spots which did not  correspond 
to any simple amino acid spots were detected on chroma- 
tograms developed with ninhydrin and other reagents. 
Table I shows eleven unidentified ninhydrin positive sub- 
stances detected on two-dimensional chromatograms of 
T.  vrocea tissues. The pat terns of crushed tissues were 
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