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Formation of steroid sulphates by extracts of human adrcn~|s 

Enzymes  which can con\ 'e r t  ster~ficts t .  their  water-soluble sulphate  esters have  to 
da te  been flmnd only  in m a m m a l i a n  lix-erL Conjugat ion of steroids to form the g]uc . -  
ronides also takes  place in the ll,.cr but  the k idney of the  mouse has recent ly  been 
shown to be capable  of forming glucur, mides wi th  certain steroids 2. By contrast .  
k idney  does not contain steroid sulph.kinase~",  a. Results  described below shiny tha t  
cell-free ex t rac t s  of lmman adrenals  form steroid sulphates from adenosine 3"-phos- 
pha te  5 ' -phosphosulphate  and ".,str~gens and androgens  but  not wi th  the cortic~,-- 
steroids tes ted  under  the e x p . r i m " n t a l  c~mditions employed.  

Fresh h u m a n  female adrenal  tissue was obta ined  fronl the o w r a t i n g  thea t re  and 
immedia te ly  homog:mised in the cold with 2 vol. of o.oi  M phosphate  in normal  saline 

(pH 7.4). The  homc.g~,nate was then centr i fuged at IOOOOO ~ for I h and the  super- 
na t an t  s tored at - - 4  o~ unti l  used. Steroid sulphokinase ac t iv i ty  was retained fi~r at 
least 2 mon ths  at this  temperatur~.  
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Fig. i.  Two-dimensional chromatogram of an aliquot of an incubation mixture comprising: 0.03 mt 
of 0.2 M phosphate buffer (pH 7.o), adenosine 3'-phosphate 3'-phospho-~SS:sulphate (Iooooo 
counts /min)  in o .o~ ml, and 0.05 ml high-speed human adrenal extract. The  area outlined indicates 
the position of a new radioactive zone formed when a steroid (0.05 ymole) was added to the  
tube as an alcoholic solution and the solvent removed prior to addition of the other components. 
T h e  t ime of incubation was 1.5 h at 37 °. Autoradiographs were developed after a pe, riod o~ -" w e e k s  

in contact with Kodak Blue-Brand X-ray film. 

Fig. I demons t r a t e s  the  complex  pa t t e rn  of ester sulphates  formed bv  sulpho- 
kinases ac t ing  on endogenous  acceptors  present  in the  ext rac t .  When  incubated  in 
the  presence of added  steroid,  a new zone appear ing  ill the  Vo.~itio~J outgi~ed wa_. 
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apparent with estrone, dehydroepiandrosterone, androsterone, pregnan-3a, eoa-diol, 
testosterone and aetiocholan-3a-ol-17-one but not with cortisone, hydrocortisone or 
aldosterone. The position outlined in Fig. I is the one to which most authentic steroid 
sulphates, and the 3sS-labelled steroid sulphates formed by extracts of rat liver and 
exogenous steroids, migrate in the solvent system used 4. When sulphation of exo- 
genous steroids occurred by the adrenal extracts, some of the ester sulphates in Fig. I 
were either considerably reduced or completely missing. 

In the case of dehydroepiandrosterone, proof that  the corresponding 3-sulphate 
ester was formed is shown in Table I. The specific activity of the enzymically synthe- 
sised species eluted from two-dimensional paper chromatogtams and mixed with 
authentic m0terial was constant after three recrystallisations. This procedure could 
not be applied to estrone sulphate due to its marked instability in hot organic sol- 
vents~; indeed complete rupture of the ester sulphate group occurred on at tempted 
recrystallisation of the potassium salt from hot isopropanol. However, when the 
enzymically synthesised [s~S~sulphate esters, formed from dehydroepiandrosterone 
and estrone, were isolated from chromatograms and co-chromatographed in two 
dimensions with potassium dehydroepiandrosterone-3-sulphate and potassium 
estrone-3-sulphate, respectively, the zones revealed by autoradiography were "finger- 
prints" of zones demonstrated by chemical staining with Zimmerman reagent. 
Furthermore, in these two cases the enzymically synthesised steroid sulphates had 
identical RF values in three different solvent systems (designed for separating steroid 
sulphates ~) to the authentic substances. 

TABLE 1 

SPECIFIC ACTIVITY OF DEHYDROEPIANDROSTERONE ~SS~SULPHATE ISOLATED FROM 
T~A'O-DIMENSIONAL CHROMATOGRAMS AND MIXED WITH AUTHENTIC MATERIAL 

The incubation in this case contained 1.5 itrnoles ATP, 3 pmoles MgCI v 20 pmoles Tris buffer 
(pH 8.3), 4 ° pC carrier-free Naz35SO4, o.1 pmole dehydroepiandrosterone and o.I 7 ml adrenal 
extract in a total volume of 0.35 ml, Chromatography as in Fig. i and after locating the steroid 

~S!sulphate by autoradiography it was eluted from the paper with water. 

No. of Counts/rain 
cryslallisations 

froat water at infinite thickness 

I I 8  IO0 
2 x6 400 
3 I8 2OO 

It  is apparent then that  the cell-free adrenal extracts can sulphate 3a- and 3fl- 
hydroxyl groups and also secondary ITa-hydroxyl groups (testosterone) but not tert. 
~-hydroxyl (cortisone) nor Ilf l-hydroxyl groups (hydrocortisone and aldosterone). 
These results closely parallel those described for the coniugation Gf steroids by soluble 
enzymes of rabbit liver ~. It  should be emphasised, however, that  corticosteroids 
normally undergo transformation in the liver to the " te t rahydro"  derivatives (of 
Ring A) followed by subsequent conjugation. Such transformations evidently do not 
occur in unfortified, cell-free extracts of liveff. 

In the vicinity of the area outlined in Fig. I, a number of weak zones are present 
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which are probably  formed by sulphat ion of endogenous steroids. Phenyl  sulphates,  
and  o ther  sutphates formed from sulphate  acceptors  of low molecular  weigh~; &~ n*;t 
migra te  into this region on chromatography~.  The  presence of s teroid ~,flphokinases 
in a tissu~ responsible for steroid biosynthesis  poses the ques t ion as to t h d r  biological 
significance. Conjugates  m a y  be the t ranspor t  form of steroids, or p o s s M y  because 
of an increased polar i ty ,  this  form of the s teroid m a y  p lay  a specific, ; r id  as yet  
unknown role. in thei r  mode  of action.  
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men t  and suppor t .  
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