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ca lcul fe  pour  la superficie centra le  circulaire  M g - N 4 ,  
de la chlorophytle,  mais  elle est, tr~s nettemen~c plus pe- 
t i t e  qne  la superficie du noyau  carr6 de la porphyr ine ,  qui  
est  de 105 (/~)~. Ce r6sut ta t  est  interpr6t6 comme  preuve  
suppldmenta i re  pour  la th6orie photo61ectrique de photo-  
synth~se,  selon laquel le  l ' au t eu r  a postul6 que c ' e s t  l 'a-  
tome Mg de chlorophyl le  qui  est excit~ 51ectroniquement 
pa r  absorp t ion  de lumi~re. 

C y t o c h r o m e  h f r o m  Aplgs ia  depilans L .  

An h emochromogen  v e r y  s imilar  to  Hel icorubin  has  
been recen t ly  ex t rac ted  and purif ied f rom the  digest ive  
g land of  Helix pomatia ~. The  p igment ,  which  was found 
to  h a v e  several  proper t ies  in c o m m o n  wi th  the  cyto-  
chromes  of the  b and c groups,  has been  named  Cyto-  
chrome h. Accord ing  to KEILIN, Cyt.  h is genet ical ly  re- 
la ted  to Hel icorubin ,  this  l a t t e r  p robab ly  represent ing  its 
ex t race l lu lar  from. 

In  the  course of an inves t iga t ion  on the  cy toch rome  
sys tem of mar ine  Gast ropods  ~ we h a v e  found that ,  by  a 
m e t h o d  similar  to t h a t  described for Helix,  a p igment  can 
be ex t rac ted  and purif ied f rom the  Hepa topanc reas  of 
Aplys ia  g iv ing a spec t rum v e r y  s imilar  to Cyt.  h bo th  in 
the  reduced and in the  oxidized forms. An account  of the  
isolat ion and puri f icat ion of the  p igment ,  which  is here 
ind ica ted  as Aplys ia  Cy tochrome  h, fotlowed by  some of 
its chemica l  and  biological propert ies ,  is g iven in th is  note. 

Aplys ia  is an herb ivorous  mar ine  Gas t ropod which  has 
no oxygen  carr ier  p igmen t  in the  b lood and no Het icoru-  
bin in the  in tes t ine  nor  in any  o ther  pa r t  of t he  body  3. 
Two species, which are v e r y  c o m m o n  in the  B a y  of 
Naples ,  were used:  A. depilans and A. limacina. The best  
source of mater ia l  was found to be A. depilans and this  
was therefore  preferred for most  of the  exper iments .  

The  an imal  was dissected under  sea wate r  and the  he- 
pa topancreas  l ibera ted  f rom its l igaments  and  f rom the  
intest ine,  Fo r  each p repara t ion  500-600 g of t issue f rom 
20-30 animals  was used. Fresh  organs or  acetone pow- 
ders were used. Acetone  powders  were found more  pract i -  
cal on accoun t  of the  grea t  amoun t s  of green and yel low 
pigments  which were  r emoved  dur ing  the  prepara t ion .  
T h e y  were  ob ta ined  by  homogeniza t ion  in a War ing  
b lendor  for 1-2 min  in cold (-- 20°C) acetone,  followed by  
rapid  f i l t ra t ion  and washing unt i l  no color  was ex t rac ted .  
The  powdered  mate r ia l  was ex t r ac t ed  for 2 h wi th  alkal ine 
(pH 8) wa te r  and centr i fuged ; the  sed iment  was discarded 
and the  supe rna t an t  was t r ea t ed  w i t h  1 - 2 %  basic lead 
acetate .  The  exac t  concen t ra t ion  depends  upon the  dilu- 
t ion of the  ex t r ac t  and is de te rmined  for each indiv idual  
exper iment .  The  p rec ip i t a te  was r e m o v e d  by  centr i fuga-  
t ion and the excess of  lead in the  supe rna t an t  was precipi-  
t a ted  a t  p H  6.0 wi th  sodium sulfate.  T r e a t m e n t  wi th  
(NHI)~SO~ at  65% sa tu ra t ion  gives a p rec ip i ta te  which  
contains  the  hemochromogen .  The prec ip i ta te  was fi l tered 
on a Hyf lo  Cell bed, washed wi th  65~o (NH4)2SO a and 
dissolved in water .  The  pur i f ica t ion  was repea ted  several  
t imes  with  a m m o n i u m  sulfate  f rom p H  5 to  8, followed 
by  nega t ive  adsorp t ion  on calc ium phospha te  gel or  Cy 
alumina,  a n d  f inal ly the  p igmen t  was dia lysed agains t  
distilled wate r  and concen t ra ted  under  vacuo. Hea t ing  

1 j .  KEILIN, Biochem. J. 64, 663 (1956); Nature 180, 428 (1957). 
= L. TosI, A. GHIRETTI-MAGALDI, and F. GHIRETTI, R. C. Aecad. 

I.incei 23, 447 (1957). 
3 E, A. PHEAR, Proc. ~ool, Soc, London 125, 383 (1955). 

a t  68 ° C, as requi red  for the  p repara t ion  of He l ix  Cyt .  h, 
was no t  necessary,  since Aplysia  hepa topancreas  does not 
conta in  cetlulase. 

I n  its oxidized form, the  p igmen t  ex t rac ted  from 
Aplys ia ' s  hepa topancreas  shows a peak  a t  410-412 mt~ 
in the  Sorer region of the  spec t rum and a broad band with 
a m a x i m u m  around 536 m~, in the  visible region. After 
reduct ion  wi th  di thioni te ,  three bands appear  wi th  peaks 
a t  423-424, 526 528 and 556 mb~ (Fig.). The  y band,  both 
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Absorption spectra of Aplysia Cytoehrome h in the oxidized (dodded 
line) and in the reduced (full line) forlns. 

in the  oxidized and in the  reduced forms of the  p igment ,  
is s l ight ly  shif ted towards  higher  wave leng ths  compared 
wi th  the  values  ob ta ined  by  K~n.IN for He l ix  Cyt.  h 
(Table). 

Table 
Position of absorption bands (m~t) of Cytochrome h 

from Aplysia and Helix Hepatopanereas 

Aplysia 

Helix* 

Oxidized 
Reduced 
Oxidized 
Reduced 

Band 

556 
562 
556 

Band 

536-540 
526 
536 
526"5 

Band 

410412 
424 
408 
422 

* From J. KX~L,NZ; 

Aplysia  Cyt.  h is reduced by di thioni te ,  l i th ium hydride,  
ferrous oxalate ,  cysteine,  ascorbic acid, and  gtuta thione.  I t  
is oxidized by ferr icyanide,  ferric oxalate ,  and hydrogen  per- 
oxide.  Af te r  t r e a t m e n t  of Cyt.  h wi th  N a O H  0-2 N and pyri-  
dine, fol lowed by  reduc t ion  wi th  di thioni te ,  a spec t rum 
is ob ta ined  wi th  peaks a t  415, 520, and 550 m~,. A t t emp t s  
to  ex t r ac t  i ron porphyr in  wi th  acidic acetone were not  
successful, even  when t r e a t m e n t  w i th  HC1 0-5 N had  been 
made  previously.  The  spec t rum of the  Cyt.  h-cyanide 
compound,  in its reduced form, has  peaks a t  424-426, 
530-532, and 560-562 mb~. 
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• Af te r  r educ t i on  w i th  ascorbic  acid a t  p H  7-4, Ap lys i a  
Cyt .  h is oxidized b y  a beef  h e a r t  c y t o c h r o m e  ox idase  
p r e p a r a t i o n  in absence  of a n y  Cyt .  c 4. A d d e d  Cyt.  c in-  
creases the  r a t e  of ox ida t ion ,  b u t  is n o t  necessa ry  for t he  
r eac t ion  as was found  for the  Hel ix  p i g m e n t L  Beef  h e a r t  
p r e p a r a t i o n  ca ta lyses  t he  r e d u c t i o n  of Aplys ia  Cyt.  h in 
t he  presence  of cyan ide  a n d  of D P N H .  W h e n  succ ina te  
is used, cyan ide  is no t  necessary .  

F r o m  the  a b o v e  d a t a  i t  seems t h a t  t he  p i g m e n t  e x t r a c t -  
ed  f rom Aplys ia  H e p a t o p a n c r e a s  can  be  ident i f ied  w i th  
He l ix  Cyt .  h. A l t h o u g h  t h e y  di f fer  f rom each  o t h e r  in  
ce r t a in  respects ,  b o t h  p i g m e n t s  h a v e  m a n y  p rope r t i e s  in 
common .  

More work  is requ i red  to e s t ab l i sh  if t he  t e r m  of Cyto-  
ch rome  h can  bc  m a i n t a i n e d ,  or  if t he  p i g m e n t  m u s t  be  
l is ted in one  of t he  a l r eady  k n o w n  groups  of cy toch romes .  
W h e r e a s  i ts s p e c t r u m  is s imi la r  to  t h a t  of m a m m a l i a n  
Cyt.  bs, Aplys ia  Cyt.  h, l ike t he  Hel ix  p igmen t ,  ha s  severa l  
p rope r t i e s  in  c o m m o n  w i t h  Cyt.  c. A c y t o c h r o m e  h a v i n g  
t he  s ame  s p e c t r u m  as m a m m a l i a n  Cyt .  c can,  however ,  be  
e x t r a c t e d  f rom Aplys i a ' s  musc les  b y  t h e  m e t h o d  of KEILIN 
a n d  HARTRI~E ~, while  all  a t t e m p t s  to  e x t r a c t  Cyt .  h f r o m  
o rgans  of t he  a n i m a l  o t h e r  t h a n  t he  H e p a t o p a n e r e a s ,  were 
unsuccessful .  

This work has been supported by a grant  (RG-4548) of the U.S. 
Public Health Service, 

LUISA TosI  a n d  F. GHIRETTI 

Department o/ Physiology, Stazione Zoologica, Naples 
(Italy), August  21, 1958. 

Riassunto 

N e l l ' e p a t o p a n c r e a s  di due  G as t e r opod i  m a r i n i :  A plysia 
depilans e A.  limacina 6 p re sen te  u n  e m o c r o m o g e n o  assai  
simile al  c i toc romo h di Helix.  Il  p i g m e n t o  g s t a t e  e s t r a t t o  
e pur i f i ca to  e le sue  p rop r i e tk  fisiche, ch imiche  e b iologiche 
sono  s t a t e  c o n f r o n t a t e  con quel le  d e l l ' e m o p r o t e i n a  d i  
Helix.  

4 D. KEtLtN and E. F. HARTREE, Prec. Roy. See., London [B] 
125, 171 (1938). 

D. I~:EILIS and E. F. H~.RTREE, Prec. Roy. See., London [B] 
122, 298 (1937). 

T o x i c i t y  o f  B e n z e n e t h i o I  a n d  i t s  D e r i v a t i v e s  o n  

Masca domestlca ( D D T - R e s i s t a n t  S t r a i n )  

a n d  o n  Periplaneta americana 

W e  h a v e  s t u d i e d  t h e  t o x i c i t y  of  t h e s e  s u b s t a n c e s  on  
insec t s  u n d e r  t h e  s a m e  c o n d i t i o n s  as  e m p l o y e d  for  ha lo-  
genoace ta t e s .  

A h i g h l y  D D T - r e s i s t a n t  s t r a i n  (K1) of  M .  domestica a n d  
a s t r a i n  of P.  americana, b o t h  b r e d  in  l a b o r a t o r y ,  h a v e  
bccn  used. Acc ton ic  so lu t ions  of t he  s u b s t a n c e s  h a v e  b e e n  
in j ec t ed  in to  roaches .  A c o n t a c t  m e t h o d  to  be  desc r ibed  a 
ha s  been  used for  t he  house f ly  : s l i gh t l y  vo la t i l e  s u b s t a n c e s  
on ly  h a v e  b e e n  tes ted .  

Toxicity of benzenethiol and some of its derivatives on P. americana 
and on M. domestica 

P.americana M. domestica 
Compound LD50 ~g/g , LDSO g/rn z 

(Injection) (Contact) 

• . 100 
• . 100 

45 
50 

400 
150 

> 6 8 0  
3OO 

> 6 8 0  
> 6 8 0  

130 
600 

> 680 
500 
470 

> 680 

]3enzenethiol  chloroacet~,te . 
Denzene th io l  b r o m o a e e t a t e  . 

Benzenethiol  
Phenyt  disulfide 
Benzenethiol  benzoate 
Benzenethiol  caproate  
Benzenethiol  caprylate  
Benzenethiol  caprate  
Benzenethiol  laurate 
Benzenethiol  myris ta te  
p-Toluenthiol  
p-Tolyl disulfide 
p-Toluenthiol  caprate  
p-Acetyl  benzenethiol  
p-Acetyt  benzenethiol  chtoroacetate 
p-Nitrobenzenethioi  chloroacetate 

> 1 
> 1  

0-9 
0"5 
0"5 

> 1 . 0  
> 1 . 0  

> 1 . 0  
0"9 

> 1-0 
> 1 - 0  

As c a n  been  seen f rom the  Table ,  b e n z e n e t h i o l  shows  a 
t o x i c i t y  super io r  to  t h a t  of i ts  chloro-  a n d  b r o m o a c e t a t e s .  
P h e n y l  disulf ide  only,  a m o n g  t he  de r iva t i ve s ,  m a i n t a i n s  
a t ox i c i t y  equa l  to  t h a t  of  b e n z e n e t h i o l ;  t he  t h i o e s t e r s  a re  
m u c h  less t ox i c ;  t h e  a d d i t i o n  of a g r o u p  in t h e  p a r a  posi -  
t i on  causes  a m a r k e d  loss of a c t i v i t y .  

Ve ry  l i t t l e  is k n o w n  ye t  on  t he  m o d e  of a c t i o n  of  t h e s e  
subs t ances .  R e c e n t l y  VAN E'zs  a n d  KAPLAN, a n d  VAN EYs  
et al. ~ h a v e  s h o w n  t h a t  th io l  c o m p o u n d s  m a y  r e a c t  w i t h  
py r id ine  nuc leo t ides  (DPN)  a n d  T P N )  i n t e r f e r i n g  w i t h  
t he  a c t i v i t y  of t he  d e h y d r o g e n a s e s  w h i c h  d e p e n d  f r o m  
t h e m .  

M. BOCCACCI a n d  S. BETTINI 

Department o/Parasi tology,  Istituto Superiore di Sanitd,  
Rome (Italy), August  1, 1958. 

In  the  course of our  research  on t im insec t ic ida l  p roper -  
t ies of a series of ha logenoace t a t e s  ~ on  the  r e s i s t a n t  flies, 
i t  has  been  obse rved  t h a t  benzene th io l  c h l o r o a c e t a t e  a n d  
b e n z e n e t h i o l  b r o m o a c e t a t e  are m a r k e d l y  more  toxic  t h a n  
all o the r  es ters  tested• 

T h e  g r ea t e r  t ox i c i ty  of such  p r o d u c t s  m i g h t  be  due  to  
to  benzene th io l  i tself ;  in  fact ,  b enzene t h i o l  a n d  some of 
i ts  de r i va t i ve s  h a v e  been  e m p l o y e d  in t he  p a s t  as insect i -  
cides 2 a n d  are also k n o w n  as bac te r i c ida l  agen t s  a. 

1 ]~l. BOCCACCl and S, BETTINI, R.C. 1st. sup. Sanith 19, 1237 
(1956); in press (1958). 

2 D. E. H. FREAI~, A catalogue o! insecticides and ]ungicides, eel. 1 
(Waltham, Mass., U.S.A. 1947). - W• V. KING, Chemicals evaluated 
as insecticides and repelh'nts at Orlando, Fla., U.S. Dept. Agric., 
Agric. Handbook No. 69 (195.t)• 

3 A. BALLIO and E. CINGOLANI, Boil. See. ital. Biol. sper. 29, 62 o 
{ 1953). 

Riassunto 

Gli a u t o r i  h a n n o  s t u d i a t o  la toss ic i th  del t io fenolo  a di 
a lcuni  suoi  d e r i v a t i  pe r  gli inse t t i .  I1 t io feno lo  si ~ r i v c l a t o  
n o t c v o l m e n t c  tossico sin pe r  Periplaneta americana che  
pe r  Musca  domestica (ceppo r e s i s t c n t e  al  D D T ) ,  m e n t r e  
la magg io r  p a r t e  dei  suoi  d e r i v a t i  ~ f o r n i t a  d i  s ca r sa  
toss ic i th .  

S. BETTINI, 1~[. BOCCACCIp and GIUSEPPINA NATALIZI, J. Econ. 
Ent,  ill press (1958). 

J. VAN Evs and N. O. KAVLAU, J. biol. Chem. °,2S, 305 (1957). - 
J. vAs EYS, F. E. STOLZENIiACH, L. SIIERWOOD, and N. O. KAPLAN, 
Bioehenl. Biophys. Acta 27, 63 (1958). 
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