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Enzymic transsulfation from a phenol to carbohydrates 

According to our s tudy  on the incorporat ion of s~S-suifate into different organs of ¢ : h a r o ~ i a / a m p a s  
(a marine gastropod),  radioactive sulfur was located in the mucous  gland 69 h after the injecti()n 
of a~S-sulfatel, and the major  pa r t  of the fixed asS was found 2 in the sulfate group of charoniT1- 
sulfuric acid, a glucan polysulfate present  in the gland s. However,  the incorporation did not occur 
with an acetone powder  of the gland. 

We now report  tha t  the sulfation of charoninsulfuric acid was accomplished in the presence 
of acetone-dried powder  when p-ni trophenylsulfuric  acid was present  as a sulfate donor in an 
appropr ia te  incubat ion mixture.  No sulfation took place with a heat -denatured preparat ion.  

One gram of acetone powder,  prepared f rom the mucous  gland in the usual manner ,  was 
suspended in IO ml o . i 5 M  t r i s (hydroxymethy l )aminomethane-ace t i c  acid buffer, pH 7.4, con- 
taining 0.2 g KCI and o.oi ml chloroform. The suspension was incubated at 35 ° C for 20 h. Dur ing 
the incubation,  a pa r t  of charonin sulfate in the suspension was digested and glucose, maltose 
and three unidentified oligosaccharides were produced. 4 ° pmoles potass ium p-ni t rophenyl  ssS- 
sulfate, containing abou t  20 microcuries of the radioisotope per mg, were then added to the 
suspension, which was reincubated for another  20 h. Under  these conditions, io/2motes p-nitro- 
phenol  were liberated. The reaction was s topped by boiling for 3 rain, and 0.03 ml of the mixture  
was pu t  on a filter paper  str ip (3 × 4 ° cm) as a thin band. After the strip was dried, a mixture  
of n-butanol ,  ethanol,  water  and ammonia  (4o:12:2o:1) was allowed to ascend in the m a n n e r  
usual in paper  ch romatography  until  it was 5 cm from the top. 

The autoradiographic  tracings are shown in Fig. i. Radioactive substances  appeared at the 
origin and somewhat  above the inorganic sulfate level, while the zero-time sample did not  contain 
any of these substances.  Exper iments  wi thout  p-ni t rophenyi  s~S-sulfate also showed no evidence 
for the format ion of these substances  even in the presence of corresponding amounts  of ssS-K2SO4. 
The fact tha t  the origin was easily seen as a reddish band on a blue background by the meta-  

• .o/ toluidine blue solution suggested tha t  the radioactive charonin- chromatic  stain with o . I29/o 
sulfuric acid was located at  this point.  This was confirmed by extract ing the charoninsulfuric 
acids from each IO ml of the reaction mixture  as described in the preceding paper  2, and then 
hydrolysing with 6 N HC1 for 4 h in a boiling water  bath.  The resulting sulfate was precipitated 
as the benzidine salt for the determinat ion of the radioactivity.  I t  was shown tha t  46 c.p.m./cm s 
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Fig. I. Detection of aSS-containing products  
by  paper  autoradiography.  Sample i : complete 
system,  incubated for 20 h at  35 °, contained 
4 ° ~umoles p-ni t rophenyl  aSS-sulfate in io ml 

--RF= 1.00 solvent front 

- R  F = 0.72 p-nitrophenvl sulfate 

--R F = 0.50 N- benzyl glucosykimine 
monosulfote 

-RF= 0.00 char~onin sulfate 

Fig. 2. Paper  autoradiograph of samples t reated 
wi th  benzylamine. Identical  samples in Fig. i 
were previously t reated with benzylamine and 
then  run in the same solvent as for Fig. i. 

suspension of acetone powder.  Sample 2 : com- 
plete sys tem in which reaction was s topped by  boiling at  zero time. Sample 3: sys tem wi thout  
p-ni t rophenyl  35S-sulfate contained 4 ° #moles  3~S-K2SO4. Solvent:  n - b u t a n o l / e t h a n o l / w a t e r /  

ammonia  (40 / I212o / I ) .  
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(measured at infinite thickness) of the radioactive sulfur was t ransferred from p-ni t rophenyl  sulfate 
to charonin sulfate, while no such reaction was observed at zero t ime nor when the p-ni t rophenyl  
35S-sulfate in the sys tem was  replaced by  85S-K2SO4. 

The following considerations indicate t h a t  the other  radioactive substance with an R F value 
of o. 19 is glucose monosulfa te  : (I) 1.5 mg synthet ic  glucose-6-monosulfate was dissolved in 0.03 ml 
of the test  solution and chromatographed  on paper  as described above. Glucose monosulfate  
appeared as a b rown band  on heat ing at  lO5 ° C for 5 rain after spraying with an aniline hydrogen 
phtha la te  reagent.  I t  was observed tha t  the autoradiographic  tracing overlapped with this 
visualisation. (2) If the substance is a reducing glucose monosulfate,  it m u s t  be converted by  
benzylamine into the corresponding N-benzyl glycosylamine, and thus  a considerable increase 
in R F value may  be effected as demonst ra ted  by BAYLY AND BOURNE 4. After o.o3 ml of the test  
solution was pu t  on the paper ,  o.035 ml of a 4% solution of benzylamine in methanol  was super-  
posed. The paper  was heated at  85 ° C for 5 min, and then the same solvent as described above 
was allowed to ascend. The au torad iograph  thus  obtained is shown in Fig. 2. As can be seen, 
a considerable increase in RF value (about  2.5 fold) was obtained. 

F r o m  these experiments ,  it was concluded tha t  3~S-sulfate was incorporated into carbo- 
hydra tes  from p-ni t rophenyl  a~S-sulfate by  enzymic t ranssulfat ion and no incorporat ion took place 
f rom inorganic 3SS-sulfate. Fu r the r  work  is now in progress on the purification of the enzyme 
par t ic ipat ing in the t ranssulfa t ion and on the isolation of na tura l  aryl sulfates in the mucous  gland. 
However ,  it should be noted here t ha t  the t ranssulfat ion was inhibited by  phospha te  and fluoride 
in the same way  as the aryl sulfate hydrolysis  by  arylsulfatases.  This seems to suggest  the partici- 
pat ion of arylsulfatase itself in the reaction. 

In  the studies on the conjugat ion of sulfate wi th  phenols, it was demonst ra ted  by  severa] 
workers  t ha t  the p r imary  step of the conjugation is an enzymic act ivation of inorganic sulfate 
by  ATP. Recently HILZ AND LIPMANN ~ and DE MEIO AND WIZERKANIUK 6 have found tha t  the 
active sulfate is an adenylic acid derivative. Their finding and the present  evidence invite a 
tenta t ive  formulat ion of the sulfate t ransfer :  

active sulfate phenol carbohydra te  sulfate 

adenylic acid ~ aryl sulfate ~ carbohydra te  
derivative 

Some of the exper iments  were carried out  in the Marine Biological Labora to ry  of Nagoya Uni- 
versity. The expense of this s tudy was defrayed in par t  by  a grant  from Seikagaku-Kenkyujo Ltd., 
to w h o m  our thanks  are due. 
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Factors altering the activities of ribonuclease A and ribonuclease B 

The specific quest ion which led to the present  investigations was t ha t  of the relation between 
the specificity of the major  ribonuclease components  (ribonuclease A and ribonuclease B) in the 
breakdown of ribonucleic acid (RNA). 

In  earlier investigations1, 2, we showed tha t  ribonuclease 13 liberated 9.8 to I 3,8 ~0 of guanylic 
acid, while crystalline ribonuclease, which contained both  components  A and B, liberated only 
o.9 to 1.2%. Fur the rmore  some synthet ic  activities of crystalline ribonuclease observed by 
HEPPEL, WHITFELD AND MARKHAM3, 4, were demons t ra ted  ~ to occur with ribonuclease t3. 

The action of crystalline ribonuclease appears  complex in nature,  and depends on the pro- 
por t ion of the 2 fractions, A and B, acting together.  The action of ribonuclease A and ribonuclease 
B, alone and combined in various proport ions,  has  been investigated. The results reported here 


