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in re la t ion  to  the  s t a t e  of h e a l t h  of the  ind iv idua l .  I t  is 
well  k n o w n  8," t h a t  ca ro teno id  and  v i t a m i n  A levels in 
b lood are d i rec t ly  re la ted  to diseases wh ich  af fec t  t he  si tes 
of ca ro t ene  m e t a b o l i s m  such  as t he  smal l  in t e s t ines  a n d  
liver. I t  m a y  become possible,  therefore ,  to  b o t h  de t ec t  
a n d  i nves t i ga t e  v e r y  specific disease s t a t e s  b y  examina -  
t i on  of b lood p l a s m a  us ing  t he  r a t h e r  u n u s u a l  t e c h n i q u e  
of r e sonance  R a m a n  spect roscopy.  P r e l i m i n a r y  inves t iga -  
t ions  of Rhesus  m o n k e y  p l a s m a  in our  l a b o r a t o r y  gave  
spec t ra  s imi lar  to  t h e  r e sonance  R a m a n  spec t ra  of h u m a n  

blood p lasma.  T h a t  sub jec t  a n d  t he  r e l a t ionsh ip  of R a m a n  
spec t ra  to  f u r t h e r  s tudies  in h u m a n  a n d  a n i m a l  h e a l t h  
will be  the  topic  of fu tu re  c o m m u n i c a t i o n s .  We  t h a n k  
Dr. D. CARLO, P. KNISKERN a n d  J. JACKSON for p r o v i d i n g  
t he  Rhesus  m o n k e y  blood. 

s L. COVACEV and G. SALoMoNE, Ann. Ist. Carlo Forlanini 25, 349 
(1966). 

s y. YAMAMOTO and S. TANOKA, Gann 58, 147 (1967). 

Preparat ion  of a Specif ic  Ligand for the Puri f icat ion  of Arylsu l fa tases  by Affinity C h r o m a t o g r a p h y  

C. DERAPPE a n d  G. DUBOlS x 

I .N .S .E .R .M.  U. 98, 77, rue du Fer ~ Moulin, F-75005 Paris (France); and Laboratoire de Neurochimie C.N.R.S.  
E .R .A .  427, H@ital de la Salpgtfi~re, 47, Bld. de l'H@ital, F-7563d Paris Cddex 73 (France), 23 March 7976. 

Summary. The  r educ t ion  of p - n i t r oca t echo l  sulfate,  t he  ar t i f ic ia l  s u b s t r a t e  of a ry l su l fa tases  followed b y  a condensa t i on  
of a succinic  anhydr ide ,  gives a l igand for t he  pur i f i ca t ion  of the  e n z y m e  b y  a f f in i ty  c h r o m a t o g r a p h y .  

To pur i fy  a ry l su l fa tases  (EC 3.1.6.1.), severa l  m e t h o d s  
were r epor t ed ,  us ing  ace tone  p r ec ip i t a t i on  2, C.M. Se- 
phadex ,  G200 Sephadex ,  etc. U n f o r t u n a t e l y ,  t h e y  in- 
vo lved  n u m e r o u s  steps,  and  ac t ive  e n z y m e  was genera l ly  
o b t a i n e d  in poor  yield.  

Af f in i ty  c h r o m a t o g r a p h y  seemed  to be a n  a t t r a c t i v e  
m e t h o d  to  pur i fy  a ry l su l fa tases  f rom smal l  q u a n t i t i e s  of 
tissues. I t  was f i rs t  t r i ed  b y  SLOAN et  al. 3 us ing  psycho-  
sine s u l p h a t e  as l igand,  b u t  d u r i n g  th i s  s tep  t he  e n z y m e  
was pur i f ied  twice  only.  Moreover ,  psychos ine  su lpha t e  
is no t  read i ly  ava i l ab le  because  t he  su l fa te  g roup  is v e r y  
sens i t ive  to  t he  acidic m e d i u m  requ i red  for t he  c leavage  
of t he  f a t t y  acid 4. 

W e  h a v e  prefe r red  to use t he  ar t i f ic ial  s u b s t r a t e  of t he  
enzyme,  p -n i t r oca t echo l  su l fa te  (I) (p NCS).  Th i s  com- 
p o u n d  c a n n o t  be used as a l igand  as such  because  i t  h a s  
no  a m i n o  or  c a rboxy l  g roup  to  b ind  to t he  Sepharose  4B 
C N B r  a c t i v a t e d  m a t r i x ;  t he  r educ t i on  of t h e  n i t ro  g roup  
a l lowed to r each  t he  requ i red  amino  g roup  (p-amino-  
ca techo l  su l fa te :  p-ACS).  T he  wel l -known i n s t a b i l i t y  of 
such  aminoca t echo l s  to  o x y d a t i o n  led us to  p r o t e c t  i t  b y  
fo rming  a n  amido  group.  This  is t he  r eason  w h y  we h a v e  
condensed  a succinyl  cha in  on  t h e  p-ACS. T he  r e s u l t a n t  
amide  shou ld  be  m u c h  less oxidizable  t h a n  t he  s t a r t i n g  
amine .  The  two  s teps  of th i s  syn thes i s  are shown  in t he  
Formulae .  
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haza rdous .  H y d r o g e n a t i o n  over  5% Pd /C  a t  50~ a n d  
50 bars  in aqueous  e thano l  50 :50  (v :v)  gives tars.  F ina l ly  
we used 98% h y d r a z i n e  h y d r a t e  ove r  R a n e y  Nickel  in 
aqueous  so lu t ion  ~, which  lead to  t he  amino  compound .  
The  c o n d e n s a t i o n  of t he  succinyl  cha in  on t h e  p-ACS pre-  
v e n t e d  effect ively  the  o x y d a t i o n  of t he  l igand which  m u s t  
be k e p t  dry.  Indeed,  a slow d a r k e n i n g  was observed  a f te r  
several  days  in aqueous  solut ion,  cor responding  to  an  
hydro lys i s  of the  su l fa te  g roup  (as seen b y  IR) .  

Experimental. Genera l  procedure ,  p -n i t roca t echo l  sul- 
fa te  d i p o t a s s i u m  sal t  was  suppl ied  f rom S igma  Co. UV-  
spec t ra  (water) were recorded  on  a V a r i a n  635 M Spectro-  
p h o t o m e t e r .  I R - s p e c t r a  were pe r fo rmed  as K B r  pel le ts  
us ing a Pe rk in  E l m e r  457 S p e c t r o p h o t o m e t e r  and  N M R -  
spec t ra  on  a Jeol  C 60 H L  a p p a r a t u s  us ing  T.M.S. as an  
in t e rna l  s t a n d a r d .  

p - A m i n o c a t e c h o l  sulfate.  98~o h y d r a z i n e  h y d r a t e  (0.9 
ml) a n d  R a n e y  Nickel  (Merck) (1 g) were added  to a n  
aqueous  so lu t ion  (20 ml) of p -n i t r oca t echo l  sul fa te  (500 
mg). The  m i x t u r e  was s t i r red  d u r i n g  5 min  un t i l  comple te  
decoloura t ion .  Af ter  f i l t ra t ion ,  lyoph i l i za t ion  gave a grey  
res idue (II). u v  (water) :  245 i lm;  I R :  3380-3300 (NH),  
1600 (a romat ic  C = C ) ,  1245 a n d  1050 (sulfate group),  810 
(a romat ic  C-H)  cm -1. 

p -Succ iny l aminoca t echo l  sulfate.  N-e thy l ,  N ' - (3-d i -  
m e t h y l a m i n o p r o p y l ) - c a r b o d i i m i d e  hydroch lo r ide  (400 mg) 
and  succinyl  a n h y d r i d e  (300 mg) were added  to an  aqueous  
so lu t ion  (20 ml) of t h e  p reced ing  c rude  p - a m i n o c a t e c h o l  
sulfate.  The  m i x t u r e  was s t i r red  for 2 h a t  room t e m -  
p e r a t u r e  and  lyophi l ized.  The  res idue was washed  w i t h  
d i e t h y l e t h e r  (4 • 20 ml) a n d  dr ied  w i t h  a s t r e a m  of ni-  
t rogen.  Th i s  c o m p o u n d  ( I l l )  p r e s e n t e d  t h e  following ab-  
so rp t ions :  U V  (H20) 2m~z: 235 nm.  I R :  35OO (OH), 3480 
(NH), 1725 (acid), 1675 (amid),  1245 a n d  1050 (sulfate 
group),  810 (a romat ic  C-H)  cm -1. N M R  (D.M.S.O.d6):  
d2,1 (m,4H CH2) ,6 ,5(m,3H a r o m a t i c  H). 

The  i n s t a b i l i t y  of t he  s t a r t i n g  p r o d u c t  l imi ted  t he  
choice of t he  m e t h o d s  used for  t h e  r educ t i on  of the  n i t ro  
group.  I n  acidic med ium,  su l fa te  g roup  is hyd ro lyzed  3, 
while  in  basic  m e d i u m  th i s  a m i n o p h e n o l  is qu ick ly  oxi- 
dized;  a n y  increase  in t e m p e r a t u r e  favours  th i s  oxidi-  
zat ion.  The  inso lub i l i ty  of t he  s t a r t i ng  m a t e r i a l  in m o s t  
of t h e  organic  so lven t s  exc luded  the  r educ t i on  in a n h y -  
d rous  m e d i u m :  t h e  use of mixed  m e t a l  h y d r i d s  seemed 
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