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SUMMARY 

An enzyme ca ta lyzmg the dephosphory la t lon  of  3 ' -phosphoadenos lne  5 ' -phos-  
pho [a~S]sulfate to adenosine 5 ' -phospho lasS]sulfate was pa r t i a l ly  purified from sheep 
bra in  The enzyme showed an o p t i m u m  p H  of 5 o, i t  was ac t iva t ed  b y  E D T A  and  
inhib i ted  b y  the d iva len t  meta l  ions tes ted  A D P  and 3 ' -AMP had no significant 
influence on the enzyme ac t iv i ty ,  bu t  3 ' -phosphoadenos lne  5 ' -phospha te  was a po ten t  
Inhibi tor  N a F  comple te ly  inhib i ted  the  react ion The enzyme exh ib i ted  proper t ies  
nmch different from those of 3 ' -nucleot ldase  and 3 ' -phosphoadenos lne  5 ' -phosphosul-  
fate sulfohydrolase  of bra in  The physiological  role of  the  phosphohydro lase  m a y  be 
m the regula t ion  of  the  concent ra t ion  of 3 ' -phosphoadenosxne 5 ' -phosphosul fa te  

INTRODU( TION 

3 ' -Phosphoadenosme  5 ' -phosphosul fa te  (PAPS) is recognized to be the  biological  
sulfate donor  in the  fo rmat ion  of several  sul fa ted compounds  1 The enzymat ic  synthesis  
of  P A P S  and the t ransfer  of  sulfate from P A P S  to mucopolysacchar ldes  and sulfat ides 
in b ra in  was demons t r a t ed  In earl ier  work from this  l abo ra to ry  2-4 The enzynla t lc  
degrada t ion  of P A P S  to inorganic  sulfate was observed In several  m a m m a l i a n  t issue 
ex t rac t s  5 8, and  the proper t ies  of this  enzyme,  P A P S  sulfohydrolase  from sheep bra in  
was descr ibed earl ier  5 

The for lnat lon  of  adenosine 5 ' -phosphosul fa te  (APS) as a degrada t ion  p roduc t  
of P A P S  was repor ted  b y  SPENCER 6 In ra t - l iver  supe rna tan t  and  by  SuzuKI AND 
STROMINGER 7 a n d  HARADA et al 9 in hen oviduct  p repara t ions  ROBBINq AND LIPMANN TM 

used a 3 ' -nuc leo t lda ,e  (3 ' - r lbonucleot ide phosphohydrolase ,  EC 3 I 3 6) from rye 
grabs for the  enzymat ic  conversion of P A P S  to APS I t  was observed 11 t ha t  free APS  
at  an in te rmedia te  in the synthesis  of P A P S  is not  fornIed In significant quant i t ies  
especial ly because of the highly unfavorab le  equi l ibr ium of the  A T P  sulfurylase 
(ATP sulfate  adenyly l t ransferase ,  EC 2 7 7 4) react ion m the direct ion of format ion  

Abbrevlatmnb APS, adenosme 5'-phospho~ulfate, PAPS, ~'-phosphoadcnosme 5'-phon- 
phosulfat~ 
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of APS and also because of the high affinity of the enzyme APS klnase (ATP adenylyl- 
sulfate 3'-phosphotransferase, EC 2 7 I 25) for APS Furthermore it has been shown 
in this laboratory ~2 that APS remains bound to a protein during its enzymatic synthesln 
by a punfied preparation of ATP sulfurvlase It would appear that the major route by 
which free APS is formed is by the enzymatic dephosphorylatlon of PAPS The present 
report is concerned with studle~ on the enzymatic conversion of PAPS to APS catalyzed 
by a partially purified PAPS phosphohydrolase from sheep brain Evidences are also 
presented to indicate that the enzyme differs from brain PAPS sulfohvdrolase and 
3'-nucleotidase in seveial of its characteristics 

MATERIALS AND METHODS 

Carrier free a5S042- was obtained from Atomic Energy Establishment (Trom- 
bay, India) 3'-Phosphoadenosme 5'-phosphate was a gift from Dr J H Austin All 
other nucleotldes were from Sigma Chemical Co (U S A ) DEAE-cellulose (Selectacel 
reagent) and DEAE-Sephadex A-25 were products of Carl Schlelcher and Schuell Co 
(U S A ) and Pharmacla Fine Chemicals (Sweden) respectively DEAE-cellulose was 
washed sequentially with I M NaOH, water, i M HC1, water, i M NaOH and finally 
with water before equilibration with the buffer DEAE-Sephadex was allowed to 
swell in excesa of water, washed sequentially with o 5 M HC1, water, o 5 M NaOH and 
finally with water before equilibration with the buffer 

Preparatzon of APS APS was prepared according to the method of BADDILEY 
el al 13 from pyridlne sulfur trioxide and AMP APS was isolated by descending chro- 
matography on Whatman No 3 paper using the solvent system ethanol-I  M am- 
monmm acetate (7 5 3, v/v) It was eluted from the paper with o 02 M Trls-HC1 
buffer (pH 8 5) at 4 ° and concentrated under vacuum at 3 °0 

Preparatzon of lasS]PAPS Carrier-free [3~S]PAPS was synthesized using an 
enzyme preparation from rat liver The enzyme was prepared as described by BRUNN- 
GRABER i4 with some modifications 8 g of the liver were homogenized with 24 ml of 
I 15% KC1 solution and centrifuged at 20 ooo × g  for I h at 4 ° The supernatant was 
subjected to (NHa)2SQ fractlonatlon, and the precipitate obtained between I 5 and 
2 I M concentration of (NH4)2SO 4 was dissolved m the mlmmurn amount of o 02 M 
Tns-HCI buffer (pH 7 4) and was desalted by passing through a Sephadex G-75 column 
(2 2 cm × 22 cm) previously equilibrated with the same buffer The elutlon was carried 
out with the same buffer and the fractions at the void volume were collected, pooled 
and used for lasS]PAPS synthesis The incubation mixture for the synthesis of I35S1 - 
PAPS consisted of 20 #moles of Tns-HC1 buffer (pH 8 o), I #mole of MgC12, 30 #C of 
carrier free 35SO42-, I 5 #moles of ATP, I #mole of cystelne and o 04 ml of the enzyme 
fraction in a total volume ofo 15 nil lasS]PAPS was Isolated from the reaction mixture 
by chromatography as described earher a The ~35SIPAPS thus prepared contained 
about o o/ 3/o of [ssS]APS and 15% 35S042 

Assay of the PAPS phosphohydrolase The assay mixture contained 30 #moles 
ofsodmm acetate buffer (pH 5 o), Iass] PAPS (about 600 ooo counts/nnn corresponding 
to i 9 pmoles) and the enzyme in a total volume of o 15 ml After incubation for I h 
at 37 °, the reaction was stopped by heating in a boiling-water bath for I mm Immedi- 
ately after heating, the mixture was cooled in ice and the precipitated protein was 
removed by centrifugatlon An aliquot of the supernatant was streaked in the form of 
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1 lg I l { a d m a u t o g r a m  ot t h e  c h r o m a t o g r a p h i c  s e p a r a t i o n  of  I~S~APS i ron :  ~aaS]PAPS a n d  
asS(h" ( o n d m o n ~  of  , ts~ay were  t h e  bame  as  d e s c r i b e d  in  the  t e x t  I R e a c t m n  m i x t u r e  con-  
t , u n m ~  3o ,umole~  of  ~o(hum a c e t a t e  buf fer  (pH 5 o), 600 o o o c o u n t ~ / m m  of  [ a sS jPAP~ a n d  
o o~ me, of  p u r i f i e d  ¢nzx me  p r o t e i n  2 ( o n t r o l  r e a c t : o n  n n x t u r c  

a I-cn:  band  on W h a t m a n  No 3 paper De~cendlng chromatography was carried out  
u~lng the solvent systenl 7 lsobutyr:c acld-o 5 N ammonia  (5 3, v/v) (Fig :) The area 
corresponding to EasS]APS was cut out fron: the paper and tile radioact ivi ty  was 
measured in a Nuclear Chicago scinti l lation counter  A control reaction mixture  in 
which the enzylne was added at the end of the incubat ion  period was run  s imul tane-  
ously Enough EasS]PAPS was used in all reaction mixtures,  and unreacted lasS]PAPS 
( ould be detected at the end of the reactum in all the enzyme assays The radmact Iwty  
of I ~sS]APS was corrected for absorption by  the paper 

A ~avfor 3'-nucleot~da~e The reaction :mxture  cons>ted of 5 ° #moles of sod:un: 
acetate buffer (pH 5 o), o 5 #mole of J - A M P ,  o 8 #mole of CoCla and the enzyme in a 
total  volume of o 3 ml After incubat ion for 3o mIn at 37 °, I ml of iO°o trichloroacen~ 
acid was added to the nnxture ,  the precipitated protein was removed by centrffugatum 
and P: released ~ a~ e~tlmated by  the method of IgI'~KE AN1) SUBBARow 15 

PAPS sulfohvdrola~e was assayed as described by  BALASUBRAMANIAN AND 
B A C H H  ~XVAT 5 

Protein \~as est imated according to LOWRY et al ~o 
Preparatwn of P A P S  pho~phohy, drolasc All operatmn.~ ~ere carried out at o 4 
Ettractto~z Fresh sheep brain  cut mto small pmce~ (ioo g) was holnogemzed 

with 2oo ml of o I M Trl~ HC1 buffer (pH 7 4) an an u l t ra -Turrax  homogenizer The 
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homogena te  was centr i fuged at  12 ooo X g for 20 mln, and  the supe rna t an t  was d ia lyzed  
agains t  I 1 of o I M Trxs-HC1 (pH 7 4) for 4 h 

(NH4)oSOjractwnatwn The d m l y z e d s u p e r n a t a n t  was brought  to an (NH4)~SO a 
~aturat ion of 40% b y  the add i t ion  of qolid (NHa)2SO ~ with s t i r r ing and centr i fuged at  
12 ooo × g  for 20 mIn The prec ip i ta te  was d iscarded The supe rna tan t  wa~ fur ther  
t r ea ted  with (NHa)2S Q to a sa tu ra t ion  of  6o% and centr i fuged at  12 ooo ;" g for 20 mm 
The prec ip i ta te  wa~ dissolved in 12 ml o f o  oI  M Tns-HC1 buffer (pH 7 4) and d ia lyzed  
agains t  500 ml of  the  same buffer for 4 h 

DEAE-cclhdose chromatograp,~v The d ia lyzed  p repara t ion  was apphed  on a 
DEAE-cel lulo~e colunm (15 cm × I 5 cm) equi l ibra ted  with o oI  M Tns-HC1 (pH 7 4) 
The column was washed ~ l t h  200 ml of the ~ame buffer, and fract ions of  15 ml were 
collected Thef i r s t  five f ract lonscontainmngenzyme ac t lv l ty  were pooled and (NH4)2SO 4 
u as added  to 90°0 ~aturat ion The prec ip i ta te  ~a~ collected by  centr i fugat lon and 
dissolved in I nil of  o oI  M Tna-HC1 (pH 7 4) and dia lyzed agains t  50o ml of the same 
buffer overmght  

DEAE-Sephadex chromatography Ttie DEAE-cel lulobe fract ion was appl ied  on 
a D E A E - S e p h a d e x  column (6 5 cm × o 7 cm) equi l ibra ted  with o oI  M TrI~-HC1 
buffer (pH 7 4) The column wab washed with  20 ml of the same buffer and to the 
~ashIngs  (NH4)2S Q was added  to 90% batura t lon  Tim prec ip i ta te  was collected b y  
centr l fugat lon,  d~ssolved An I inl of  0 0 I  M Tns-HC1 (pH 7 4) and  d ia lyzed  against  
500 ml of the same buffer overnight  

REbULT% 

Pur~J~catwn of the cnLvmc 
Table  I shows a s u m m a r y  of  the  purif icat ion of the  enzyme The procedure  

resul ted in a I3-fold increase in specific actavlt 5 of the enzvme with a recovery of 4 %  
of the  original ac t iv i ty  Modifications of  the  procedure  oi o ther  processes of  puri-  
fication, involving calcium phospha te  gel t r ea tmen t ,  heat  t r e a tmen t  or acid precipi-  
ta t ion,  were t r ied  wi thout  success as they  did not  nnprove  upon the recovery  or the  
mcrease In specific ac t i v i t y  E lu t ion  with  var ious  eoneent ra tmns  of  NaC1 resul ted in 
the  recovery  of smal ler  quant i t ies  of  the enzyme from the DEAE-eel lulo~e and D E A E -  

"1 A B L E  I 

P U R I F I C A T I O N  O F  I ' A P b  1 ) H O S P H O H Y D R O L A S E  

C o n t h t l o n b  o f  a s s a y  ~ ere  t h e  ~ a m e  a~ d e s c r i b e d  m t h e  t e x t  

F*act ton I ohtme Total  7 otal 
( m l )  u rots" p~ ore zn 

lo~ (rag) 

~pe, zfic Y~e!d 
act~vze, (%) 
(u m ts/mg 
p~ ote z n) 

• I O  6 

( r u d e  ( r2  ooo i g s u p e r _  

n a t a n t )  105 I 15 1423 o 8 i  
(NH4)2SO4 f r a c t i o n  t 3 o 275 t72  I 6 
D E , E - c e l l u l o s e  f r a c t i o n  2 5 o 067 IO 0 7 
D E A E - S e p h a d e x  f r a c t i o n  2 5 o 049 4 5 i o  9 

* O n e  e n z y m e  u n i t  is de f i ned  as  I / , m o l e  o f  [~sS] . \PS  f o r m e d  m I h 

IOO 

24 
t) 

4 
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Sephadex  columns,  however , the  specific ac t iv i ty  was decreased In the  enzyme fractions.  
The malo r  losb in the  recovery of the  enzyme occurred In the  (NH4)2SO 4 f rac t lona tmn 
and DEAE-cel lu lose  c h r o m a t o g r a p h y  steps The d iscarded fract ions in these s teps  
exh ib i ted  some P A P S  phosphohydro lase  ac t iv i ty  of  much lower specific ac t iv i ty  The 
cause for the  enzyme loss is not  clearly unders tood,  bu t  i t  could result  from the enrich- 
ment  of cer ta in  interfer ing factors such as P A P S  sul fohydrolase  in these steps dur ing 
the course of purif icat ion 

The purified enzvme exh ib i ted  abou t  7 8 ° o of i ts original  ac t iv i ty  af ter  s torage 
at  - -18  ° for 2 week~ 

Identzficahon of the prodztct of the react, o~z 
The produc t  of the  reac t ion  was Identif ied as laaS]APS by  paper  ch ron ia tog raphy  

and electrophoresls  The rad ioac t ive  react ion p roduc t  in the  chromatograph ic  assay 
was e lu ted  from the paper  b y  wate r  a t  4 ° and  concen t ra ted  under  vacuum The react ion 
p roduc t  and  the au then t ic  sample  of APS  had the same RF value (o 36) in the  solvent  
sys tem lsobutyr lc  ac id -o  5 N ammon ia  (5 3, v/v) Cochromatography  of the  radio-  
act ive react ion produc t  and  au then t ic  sample  of APS  on W h a t m a n  No 3 paper  in 
the  solvent  sys tem e thanol  I M a m m o n i u m  ace ta te  (7 5 3, v/v) showed tha t  the  radio-  
ac t i v i t y  coincided with  the  u l t rav io le t -quenching  area  of au then t ic  APS  (Fig 2) 

Elec t rophores ls  on a 7 5 cm × 37 5 cm s t r ip  of W h a t m a n  No 3 paper  was carr ied 
out  using a nux ture  of equal  volumes 7 of o I M Trls ace ta te  buffer (pH 6 5) and  o 05 M 

t 

Fig 2 Paper  chromatography  of the radioactive product  and authentm ~ample of APS Dotted 
lines outline the ul traviolet-quenching area of authent ic  APS, and the clark spot  mdmates  the 
radioactive product  t Authentm APS 2 A mixture  of authentm APS and radioactive product  

Btochtm Bzophys .4,ta, I98 (197 ° ) 56-65 
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F i g  3 p H  o p t i m u m  o f  P A P S  p h o s p h o h y d r o l a s e  A s s a y  c o n d m o n s  w e r e  t h e  s a m e  as  d e s c r i b e d  m 
t h e  t e x t  e x c e p t  t h a t  s o d i u m  a c e t a t e  b u f f e r  o f  v a r i o u s  p H ' s  w e r e  u s e d  as  s h o w n  in  t h e  f i g u r e .  
~ S ] P A P S  6 o 0  ooo  c o u n t s / r a m  a n d  o o 3 m g  e n z y m e  w e r e  u s e d  

citrate-phosphate buffer (pH 6 5) for 2 h at 6oo V Under these conditions the distances 
moved by the radioactive product, [3~SIPAPS and 35SO~2- were IO, 14 and 23 5 cm, 
respectively The moblhty of the radioactive product was the same as that  of authentic 
sample of APS 

pH optzmum and t~me-co.rse of the reaction 
The optimal pH for the enzymatic dephosphorylatlon of PAPS was pH 5 o 

(Fig 3) The !35SLAPS formation showed a hnear increase with time up to a period of 
60 mln, under the usual conditions of ossay (Fig 4) 
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F i g  4 T h e  t i m e - c o u r s e  o f  ]35SLAPS f o r m a t i o n  A s s a y  c o n d i t i o n s  ~ e r e  t h e  s a m e  as  d e s c r i b e d  m 
t h e  t e x t  e x c e p t  t h a t  m c u b a t l o n  p e r i o d  , s a s  v a n e d  as  s h o w n  m t h e  f i g u r e  [ 3 5 S ] P A P S  6oo  o o o  c o u n t s ]  
m m  a n d  o 00  7 m g  o f  e n z y m e  p r o t e i n  w e r e  u s e d  

F i g  5 E f f e c t  o f  s u b s t r a t e  c o n c e n t r a t i o n  o n  ]35SLAPS f o r m a t i o n  A s s a y  c o n d i t i o n s  w e r e  t h e  s a m e  
as  d e s c r i b e d  m t h e  t e x t  e x c e p t  t h a t  [ a~SIPAPS  c o n c e n t r a t i o n  w a s  v a r i e d  a s  l n d m a t e d  m t h e  
f i g u r e  o oo  7 m g  o f  e n z y m e  w a s  u s e d  

Blochzm B~ophys Acta, 198 (107 o) 5 6 - 6 5  
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"1 ABLE 1I 

]¢FI, L C T  O1 M E T A L  I O N S  A N D  ED ' I~A~  OF, P 2 \ P ~  P H O S P H ( I H Y 1 ) R O L A . S L  

Assay mixture consisted of 2 ttInoles of each addition, 3o/tmoles of acetate buffer (pH 5 5), 
6o0 ooo counts/rain of [asSIPAPS and o o9 mg of enzyme protein In a total \olume ot o 15 ml 
A~sa'~ conditions were the same as described m the text 

Adddum [azs]Ap5 
formed 
(cou ntsfim n) 

None 58 06o 
E1YI ~ 9 h 4¢)o 
MgL12 4 ¢) 71o 
CoC12 I2 5to 
MnC12 7 33 ° 

Effect of substrate eoncentratzon 
T h e  v a r i a t i o n  o f  [asSIAPS f o r m a t i o n  w i t h  i nc reas ing  a m o u n t s  o f  l a sS ]PAPS  

is s h o w n  in F ig  5 The re  was  an  inc rease  up  to  i 6 × I06 c o u n t s / m l n  of  lass 1- P A P S  

u s e d  H o w e v e r ,  w i t h  2 o IO 6 c o u n t s / r a m  of  IasSIPAPS,  t h e r e  was  a s h a r p  de-  

c rease  in e n z y m e  ac t i v i t y ,  a n d  w i t h  f u r t h e r  inc rease  in  [a~S]PAPS, t h e  a c t i v i t y  

dec l ined .  

EDTA and metal ,on reqmrements of P A P S  phosphohydrolasc 
Meta l  ions  such  as Mg 2+, Co 2+ a n d  Mn 2+ were  i n h i b i t o r y ,  b u t  E D T A  s t n n u l a t e d  

t h e  r e a c t i o n  (Table  II)  In  c o n t r a s t ,  t h e  P A P S  s u l f o h y d r o l a s e  o f b r a l n  has  b e e n  r e p o r t e d  

to  be  a c t i v a t e d  b y  Co 2+ a n d  Mn 2+ (ref 5) 3 ' - N u c l e ° t l d a s e  a c t i v i t y  o f  b r a i n  was  f o u n d  

to  be  s t l n m l a t e d  b y  Co 2-, Mg 2+ a n d  Mn 2+, as d e s c r i b e d  be low 

Effect of nucleottdes and other substances on P A P S  phosphohydrolase 
The  effect  o f  s o m e  nuc leo t ldes ,  - S H  c o m p o u n d s  a n d  N a F  on  t h e  e n z y m e  a c t i v l t v  

is s h o ~ n  m T a b l e  I I I  A D P  a n d  3 ' - A M P  were  w i t h o u t  s l gmf i can t  inf luence  on the  en-  

z y m e  a c t i v i t y  A D P  is k n o w n  to  be  a power fu l  i n h i b i t o r  o f  b r a i n  P A P S  sulfoh3 dro lase  s 

T \ B L E  111 

E1 F tzCT O1. N U C L E O T I D E S  A.ND O T H E R  S U B S T A N C E S  ON PAPS I ' H O S I ' H O H Y I ) R O L A G I 5  

Assay mixture consisted of 3oltmoles oI acetate buffer (pH 5 51, 2tmloles ot each addition, 
ooo ooo counts/min of [a~S]PAPS and o o9 mg of enzyme protein Assay condltmns are described 
i n  the text 

4d&hon [as~7 4p~, 
y,rm~d 
(co.ut~/n.n) 

None 53 32o 
ADP 5I 3o0 
3'-AMP 51 31o 
3'-Phosphoadenoslne 5'-phosphate 24 3o0 
GSH 48 14o 
2,3-DImercaptopropanol 43 ioo 
N a l :  o 

]3u~chzm Bzophys 4cta, 198 (~q7 o) 5 ~) (')5 
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3'-Phosphoadenoslne 5'-phosphate was a powerful inhibitor of the enzyme The 
Inhibition may be due to the close structural similarity of 3'-phosphoadenosme 5'- 
phosphate to PAPS GSH and 2,3-dimercaptopropanol depressed the enzyme actlvlty 
NaF completely inhibited the reaction 

3'-Nucleotzdase and PAPS sulfohydrolase of brazn 
3'-Nucleotldase and PAPS sulfohydrolase activities were pre~ent in the purified 

enzyme preparation The recovery of these two enzyme activities from the crude 
extract was o 4 and o o2}o, respectively, as compared to the value of 4% for the 
PAPS phosphohydrolase Since it has been reported I° that  3'-nucleotidase can convert 
PAPS to APS, the properties of this enzyme activity in the purified fraction were 
studied in detail, using 3'-AMP as substrate The nucleotldase showed an opt imum 
pH of 5 o Metal ions like Co 2+, N12+, Mn -°+ and Mg 2+ markedly stimulated the enzyme 
activity, and EDTA was slightly inhibitory (Table IV) This observation points to 
the posslblhty that  the 3'-nucleotidase may be different from the PAPS phospho- 
hydrolase In support of this idea was the observation that  3'-AMP did not Inhibit the 
PAPS phosphohydrolase a( t lvI ty (Table III) 

The PAPS phosphohydrolase of sheep brain exhibits widely different properties 
when compared to the PAPS sulfohvdrolase also The latter enzyme has an opt imum 
pH of 6 o, it IS markedly activated by Co 2+ and strongly inhibited by  ADP (ref 5) 

During the purification of the enzyme from the crude extract, the specific 
activity of PAPS phosphohydrolase increased to about I3-fold in the purified DEAE- 
Sephadex fraction However, the specific activity of PAPS sulfohydrolase decreased 
and that  of 3'-nucleotidase Increased to only about I 5 times in the purified preparation 

T A B L E  I V  

EFFECT OF METAL IONS AND E D T A  oN 3 ' -NUCLEOTIDASE 

T h e  r e a c t i o n  n n x t u r e  c o n s i s t e d  o f  5 ° / i r n o l e s  o f  s o d m m  a c e t a t e  b u f f e r  ( p H  5), o 5 Fm lo le  o f  3 ' -  
A M P ,  o 8 t m l o l e  o f  e a c h  a d d i t i o n  a n d  o 22 nag o f  e n z y m e  p r o t e i n  m a t o t a l  x o l u m e  o f  o 3 m l  
A s s a y  w a s  clone a s  d e s c r i b e d  m t h e  t e x t  

ddd~tzon Phosphate 
hberated 
(Itmoles) 

N o n e  o Ol 9 
CoC12 o 005  
NIC1 z o o35 
MgC12 o 035  
MnC12 o o29  
E D T A  o o i 6  

The ratio of specific activities of 3'-nucleotldase and PAPS sulfohydrolase to the 
specific activity of the phosphohydrolase In the crude and purified enzyme fractions 
is shown in Table V It  is seen that  the values are much lower for the purified enzyme 
fraction, compared to the values for the crude extract These considerations evldentlv 
point out that  the PAPS phosphohydrolase exhibits characteristics much different 
from those of the 3'-nucleotldase and PAPS sulfohydrolase and indicate the posslblhty 
that  different enzymes are responsible for these three activities in the brain 

13zoch~m Btophys dcta, 198 (197 o) 5 6 - 6 5  
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TABLE V 

T H E  R A T I O  O F  S P E C I F I C  A C T I V I T I E S  O F  PAPS PHOSPtIOHYDROLASE, PAPS G U L F O H Y D R O L k S E  '~NI) 

3 Q N U C L E O T I D A S E  I N  T H E  C R U D E  A N D  P U R I F I E D  E N Z Y M E  F R A C  F I O N S  

I he purification procedure of the enzyme ~as as described in the text 

Lncyme  ]ractum R a l w  of  specific a~t~vztzL s 

3"-Nucleotzdase" P A  P5  ~ ldfohydrolas* *"" 

P A P 5  phosph,&yd~ola~'* PAP.q  phosphohyd~olase 

(_rude (12 ooo / ¢ supernatant) o (~i 7 io ~ i o9 
DI:AE-Sephadex fraction o o73 io 6 o ot 

* Assay was done as described in the text lInlt ot activity "~vab expres~eil as one/m101e of 
phosphate hberated from 3'-AMP m 3 ° InIn 

** Assay ~*as as described m the text Unit of activity and apeclfic act*x it\  x~cre as given in 
Table I There ,~as about I3-fold Increase in specific activity m the DEAE-Sephadex fractmn 
compared to the crude extract 

* * *  Assay was as described m the text Unit of actlxlt) x~as dehned a~ I umole of aab()t2- 
liberated from !3"qlPAPS In I h 

DISCUSSION 

Tile p r e s e n t  s t u d y  d e m o n s t r a t e s  t he  c o n v e r s i o n  o f  P A P S  to  A P S  c a t a l y z e d  b} 

a p a r t i a l l y  pur i f ied  e n z y m e  p r e p a r a t i o n  f r o m  s h e e p  b r a i n  A l t h o u g h  t h e  pur i f ied  P A P S  

p h o s p h o h y d r o l a s e  p r e p a r a t i o n  has  s o m e  3 ' - n u c l e o t l d a s e  a n d  P A P S  s u l f o h y d r o l a s e  

a c t i v i t y ,  a s tud)" of  t h e  p H  o p t i m u m ,  t h e  inf luence  of  m e t a l  ions  a n d  t h e  effect  o f  

n u c l e o t l d e s  a n d  o t h e r  s u b s t a n c e s  s h o w  t h a t  t hese  t h r e e  e n z y m e  ac t iv i t i e s  differ  f roni  

each  o t h e r  in t he i r  cha r ac t e r i s t i c s  a n d  i n d i c a t e  t h e  p o s s l b l h t y  t h a t  d i f fe ren t  e n z y m e s  

are  r e spons ib l e  for  t hese  t h r e e  ac t i v i tms  F u r t h e r m o r e ,  t h e  specific a c t i v i t y  of  t he  

P A P S  p h o s p h o h y d r o l a s e  h a d  Inc reased  a b o u t  I3 - fo ld  f rom the  c rude  to  t h e  pur i f ied  

e n z y m e  p r e p a r a t i o n ,  b u t  t h e r e  wa~ p r a c t i c a l l y  no  im  rea~e In t i le specific a c t i v i t i e s  o f  

t h e  P A P S  s u l f o h y d r o l a s e  a n d  3 ' - n u e l e o t l d a s e  

ATP÷SO 2 -  

,1 E" q 
SULFATED 
C O M P O U N D S  S U C H  A 5  • PAPS-~=='AP5 + PI 
SUL F A T I O E S  AND 1 
SUL FOM U C O P O L Y S A C C H A R I D E S  

PA P + S042 - 

Fig 6 Reactions leadulg to tile % nthesls &nd degradatliin of P kPS and sulfato traxl~fer lrom 
PAPS in brain PAP - 3'-phi)sphoadenosme 5'-phosphate 

F r o m  t h e  p r e s e n t  s tud ie s  a n d  the  ear l ie r  w o r k  d o n e  in th i s  l a b o r a t o r y  2-5, it  is 

a p p a r e n t  t h a t  t he  c o n c e n t r a t i o n  of  P A P S  is r e g u l a t e d  b y  seve ra l  e n z y m e s  in t h e  b r a i n  

T h e  va r i ous  r e a c t i o n s  c a t a l y z e d  b y  t h e s e  e n z y m e s  is s h o w n  in F ig  6 W h i l e  t h e  n n -  

p o r t a n c e  of  P A P S  s y n t h e s i s  a n d  su l fa t e  t r a n s f e r  f r o m  P A P S  to  va r ious  a c c e p t o r s  IS 

u n d e r s t a n d a b l e ,  t he  s igni f icance  o f  t h e  P A P S - d e g r a d i n g  e n z y m e s  such  as P A P S  

BzochztlZ t3zophys 4cta, 198 (197 o) 56-~5 
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sulfohydrolase and PAPS phosphohydrolase IS not quite clear The physiological role 
of these degrading enzymes may he in the regulation of the concentration of PAPS 
or some of its degraded products such as APS, Inorganic sulfate or 3'-phosphoadenosine 
5'-phosphate The presence of a rat-liver sulfohydrolase enzyme acting on adenylyl- 
sulfate was recently reported by BAILEY-WOOD et al 17 We have also observed In 
prehmmary experiments a weak sulfohydrolase activity in the purified brain enzyme 
preparation with IasS~APS as substrate (pH 6 o) 
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