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Short Communications 

SC I I O 4 4  
A c t i o n  of  a r y | s u l f ~ . ~ , e  on v i t a m i n  I ~  disulfat'-" 

In the  course uf examining tile metabol ism of  vi tamin K3 (2-ntt thyl-r ,4-t~aphtho- 
qu:.none) ;.t appearett  tha t  the excreted sulfate ester ,)f v i tamin K3 w~L,~ l)rot)ahly 
resist~lnt t:) hydr~)tysis by aryl sulplmte sulphohydrolasv (arylsulfata_se, EC 3-z.6. t)x. 
Reo.:ntly it was found t ha t  ttle synthet ica l ly  prepared disulfate ester -~ failed to affect 
brair, metabol i sm in the manner  found when the diphosphate  ester (Synkavite)  was 
used 3. The  hydroly.':is of v i tamin  K s distillate by  arvIsulfatase has therefore been 
examined  and the results ~re repor ted  in this paper. 

Two previous observat ions  ~ were per t inent  to the p r e ~ n t  invest igat ion:  first, 
the  u l t ravio le t -absorpt ion  spectraam of  vi tamin Kn differs marked ly  from tha t  of 
the  disulfate or d iphosphate  c~ters, ~pec i a l l y  in the region 245-205 m , ,  making 
s p e e t r o p h o t o m e t r y  a useful tool fiw quantit ; ' . t ive analysis, and .'¢~cond, the spectra  
of  z -me thy l  z ,  4 -d ihyd roxynaph tha l ene  shaken in ~fluti(m in the preser.ce of air and 
of  v i tamin  K= are identical,  indicat ing tha t  the former is readily oxidized to the 
latter .  

In the present  work,  v i tamin K3 it.~elf, added to and homogenized wi th  brain,  
liver, and o ther  biological material ,  w~Ls recovered in yields of  99-xo95~ by  the 
following procedure :  3 ml aq. homogenate  coT:t~,ining vitanfin K= was added drop- 
~Sse to 5 ml hot  (75 °) cyclohexane;  this mix tu re  w;~s ;d ternate ly  hea ted  and  shaken 
in a glass-st0ppered tube for 5 rain and then centr i fuged;  the ul t raviole t -absorpt ion 
spec t rum of  the  upper  [cyclohexane) layer  was determined,  a suitable blank being 
employed  in the  reference light path,  and special a t t en t ion  being paid to the absorb- 
ancy  at  t he 250-25z-mu peak. When  z-methyl-  x ,4-dJhydroxy-naphthalene  (reduced 
v i tamin  Ks) was l iberated into aq. homugenate  by  the act ion of acid phosphata-qe 
(EC 3.L3.z) or alkaline phtmphata_se (EC 3+z.3.x) nit Synkax-ite, v i tamin K3 wa_s 
identified and measured,  again by cyclohexane  ex t rac t ion  and spectral  examinat ion .  
Typica l  results are shown in Fig. I A. 

"Fuming now to the sulfate esters, the enzymic hydrolysis  of pota.~ium p- 
m t rophe ny l  sulfate by  homogen'~z~.'~i rat  l iver and by  a preparat ion from Aspergillius 
oryza¢ (Mylase P, Wallerstein Laborator ies ,  New York) wa.-~ followed at  420 m/~ 
a f te r  addi t ion of alkali *.s (~ee Fig. r B). When ~-ni t rophenyl  sulfate was replaced 
by  v i t amin  Ks disulfate these proven  sou rc~  of  a~' lsulfatase,  i.e., ra t  Ever and 
My -lase P, failed to release vi tamin Ka, i.e., reduced vi tamin K s. Even af ter  24 h 
incubat ion,  no u l t rav io le t -absorpt ion  spec t rum of vi tamin K= or of anyth ing  ekc~- 
was detectable ,  and especially the ab~orbancy at 25o--zSx m p remaialed at zero 
dur ing the  ent ire  l~eritxl. However ,  during the incubat ion of  v i tamin Ka disulfate 
with Mylase P, inorganic sulfate was found s to be released, reaching, in z4 h, zo-25~g 
o f  the  a m o u n t  to  be expec ted  from tile total  i~yd.tolysis of ~-itamin K s disulfate, and 
in no exper imen t  exceeding 5o$/0 (see Fig. x C). 

These results _~how tha t  v i tamin  K~ disulfate is hydro lyzed  by arylsulfata.se to  
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a rrtonosulfate ester, z (or 3 ) -me thyb .4 -hydroxy- I -naph thy i  sulfate.  Ti)is l a t t e r  com- 
pound is no t  hydro lyzed  f a t h e r  by  arylsulfa tase .  This  second conclusion is in agree- 
men t  with exper iments  on, and tkeoret lca l  considerat ions of, p - h y d r o x y p h e n y l  
sulfate ~, wherein Vm~x for the enzymic  hydrolys is  o f  this  la t te r  compound  a~ well as 
of  m a n y  o'cher subsLitutect arylsul fa tes  has been t~qted a s  a ft~nction of  the  sub- 
s t i tu t ion  cons tan t ,  ~. 

Fo~ pu,-poms of compar ison the  disulfa te  esters  of  three dLb, y d r o x y n a p h t h a l e n e s  
were prepared i, namely  the  x.6-, z,7-, and  z,7-members.  A l though  a quinone- l ike  
s t ruc ture  can be wr i t ten  for 1,7-clihydroxsmaphthalo.ne, there  is no evidence t h a t  
any  of  them exist  in a n y  bu t  the  d i h y d r o x y  form, All three  of  t he  d i h y d r o x y n a p h -  
thalenes are quan t i t a t i ve ly  ex t rac tab le  wi th  e ther  (not cyelohexane)  and  h a v e  
absorpt ion m a x i m a  and  ext inc t ion  coefftcient-g qui te  different  f rom thorn of the i r  
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Fig.  t .  A. hydr~]ly~is  o f  t h e  d i p h c m p h a t e  e a t e r  o f  v i t a u n i n  K ,  ( S v n k a v i t e )  b y  r a t  b r a i n .  Sy~k ixv i t~ ,  
1 . 5 + l o  - I  M ;  15 m g  h o m o g e n i z e d  r a t  brait~ p e r  mL U p p e r  c u r v e ,  o . t  ?d l ' r i ~ ;  l o ~ e r  ct~rv¢0 o . t  ]V[ 
ace  "t~xte+ B .  h y d r o l y m s  o f  p - n i L r o p h e n y l  aulfa, t e  (a - t o  -= M) b y  Myla~e  P (6 mg / tn l }  a n d  b y  h o m o *  
ge ruzed  r a t  l i ve r  [ ] o  m g f m l ) ;  o.1 M ~ c ~ t a t e  (pFI  6 . l} .  C. t t c t i on  o f  a r y l s u l f a t a s e  o f  MyLa.~ P o n  
x- i t amiu  K .  d i s u l f a t e  (11~ - - 0 )  i n d i e a t a n g  r e l e a ~  o f  i n u r g e m i c  ~mlfate  e m s  p e r  c e n t  o f  t o t a l  p o s s i b l e .  
A c t i o n  o f  a r y l s u l f a t a s e  o f  MyLase P o r  r a t  l i v e r  o n  -d tam~t t  K a d i s u l f a t o  ( O - - -  (D) i n d i c a t i n g  p e r  
c e n t  o f  2 - t ne th?  l - x . 4 - d i b y d r o x y n a p h t h a l e n e ,  i.e., o f  v i t a m t ~  Ka, r e l e a s e d .  B r o k e t t  Lines. a c t i o n  o f  
a r y l s u L f a t a s e  o f  M y l a ~  P o n  d i s u l f a t c  e s t e r s  o f  z.7-,  2,~-, a n d  t . 7 - ' l i h y d r o x y n a v h t h ~ l e n e .  i n d i c a t i n g  

r e l e a s e  o f  d l h y d r o x y  C o m p o u n d s  a.~ p e t  c e n t  of  to, t a t  p o s s i b l e .  

water-.~olubie ¢;;~ulfate esters (see Table  I). All th ree  of  these disulfa te  esters are  
hyd ro lyzed  b y  the arylsul fa tase  of  Myiase P to the  free ~ h y d x o x y n a p k t h a l e n e s  as 
shown in Fig. xC. The  ra tes  are considexably sIowez t h a n  t h a t  for the  hydrolys is  of  
p -n i t ropheny l  sul fa te  (Fig. xB) and even sor~tewtmt slower t h a n  t h a t  for the  hydro-  
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lysis of  v i tamin  K~ ddsulfate to the montmulfi~te., while the latter, as noted previously,  
is not  hydrolyzc~! at all. 

In  this invest igat ion cemditions !~ave been cho.~et| arbi t rar i ly  to meet,  to a large 
ex t en t  a t  any  rate,  the various pH opt ima and Km values of  the several kinds of  
arylsulfatase ~. Crude liver homt,genate,  especially, wa.~ employed to include these 
arylsuJfatase~. In view of the relatively broad p l t  ~,ctivity curves for these enzymes 
and the degree ef  enzyme  ac t iv i ty  still remaining ;it s.uhstrate concentra t ions  of all 
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1 , 6 - I ) i l t  y d r o x y n & p h t  hnlen~: 
D i s u l f a t e  e s t e r  
* , 7 - D i h y d r o x  y n a p h t h a l e n e  
D i s u l f a t e  e s t e r  
z. 7- O i h y d r o x  y n a p h  t h a l e n e  
is, i zu i fa t  e e s t e r  

z.l,. I, zti ¢)ot~ 
_'~z 4 7 c,'~ 
z4o j o  o o o  
_,fro 3 o o o  
23 ~..5 ~8 o o o  
zb7.5 .i 7 °0 

order  of  magni tude  lower than those represented by, the Km values D, our  cortelusions 
appea r  subs tan t ia ted  by  the "a l l -or -noth ing"  na ture  of  the  observat ions,  the fact 
tha t  the analyt ica l  me t hod  has been shown to be adequa te  and the demonst rab le  
hydrolys is  o f  the three disulfate esters ment ioned  in the preceding paragraph.  

The  fact tha t  s, . 'nthedc v i tamin K a disulfate is wD.hout s t imula to ry  or inhibi tory  
effect in brain-slice metabol ism even at  5 IO 4 M, and tha t  the  disuifate is enzymica l ! /  
hydro lyzed  to the monosul fa te  by the widely ~ t r i b u t e d  arylsulfatases makes it un- 
likely tha t  v i t amin  Ks monosulfa te  has ao effe.ct en brain metabol ism ~imflar t~, 
t ha t  found , s ing  the dipbn~phate c~t,:, ,,r vi tamin K~ itself ~.s. 
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