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that the same active site was utilized for catalysis of both reactions z. Implicit in this 
hypothesis is the notion that NAD + and NADH are bound by the same protein func- 
tional groups so that  the orientations of the pyridine and dihydropyridine rings are 
the same with respect to the configuration of the active site. If  this hypothesis be true, 
then hydride ion transfer from glyoxylate to NAD ÷ in glyoxylate oxidation should 
proceed to the same side (A) of the 4 position of the pyridine ring as the side from 
which a hydride ion is given when glyoxylate is reduced with NADH. This result 
was found in the oxidation of [3Hlglyoxylate with NAD + by pig heart lactate dehydro- 
genase. 
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The isolation of aeylsulphatase isoenzymes from Pseudomonas aeruginosa 

The precise nature and specific metabolic function of bacterial arylsulphatase 
(arylsulphate sulphohydrolase, EC 3.1.6.1) is presently unresolved. 0n ly  one such 
enzyme has been obtained in homogeneous form and many of its properties were 
found to be distinct from those of mammalian arylsulphataseZ, 2. Other workers have 
advanced the possibility of multiple forms of this enzyme in Proteus rettgeri3, 4 and 
Proteus vulgaris 5 and it has been suggested from studies with cell extracts of Pseudo- 
monas aeruginosa that several sulphatases were synthesized depending upon the 
nature of the sulphur source in the growth medium 6. 

The implication of the latter study is confirmed by the present work which 
describes the first isolation of two highly purified arylsulphatase isoenzymes from a 
bacterium. 
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TA BLF. I 

P U R I F I C A T I O N  OV A R Y L S U L P H A T A S E  F R O M  P .  aerlgg~nosa 

Fraction Total Specific activity 
protein (m~itslmg) 
(rag) . . . . . . . . . . .  

/,-Nitrophenol Nilrocatechol 
sulphate sulphate 

Recovery (o,0) 

p-Nitroph~ nol A'itrocatechol 
sulphate sulphate 

Acetone powder  extract  t 539 o.o224 o.o451 Ioo ~ oo 
DEAE-cellulose (pH 7.5) 432.8 o.o941 o. i249 i 1 8 "  7 ~ 
DEAE-Sephadex  (pH 7.5) Iq9.2 o.~37 0.239 79 ~S 
35 70% satd. (NH4)2S() 4 E t2.u o.[862 o.3686 60 59 
DEAE-Sephadex  (pH 8.8) 26.5 °.7592 [.444 58 55 
Prep. acrylamidc gel 6.0 2.49 4.464 48 t 2 

* Due to presence of endogenous inhibitor in initial extract .  

Enzyme  concent ra t ion  was de te rmined  by  method  of DODGSON AND SPENCIT.R ? 

employ ing  IO mM subs t ra tes ;  p -n i t rophenol  su lphate  and n i t roca techol  su lphate  in 
o.o5 M Tris HC1 buffer (pH 8.8) at  37.5 °. A unit  is defined as tha t  q u a n t i t y  of enzyme 
which hydro lyzes  I ,umole of subs t ra te  in I rain. 

P s e u d o m o n a s  a e r u g i n o s a  was grown for 16 h at  28 ° in a c i t ra te  a lnmonium salts  
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Fig. I. Disc gel electrophoresis of material  f rom progressive steps in arylsulphatase  purification• 
Samples run in IO°o gels with Tris-glycine buffer sys tem of ORNSTEIX AND DAVIS 1~ and stained 
for protein with Amido-Schwartz.  Arrow indicates position of enzyme activity in all five gels 
when duplicate gels stained with p-nitrophenol sulphate  and nitrocatechol sulphate.  

Fig. 2. The effect of different polyacrylamide gel concentrat ions on electrophoretic mobil i ty of 
Pseudomonas  arylsulphatases l°. Points represent  triplicate determinat ions at  each gel concen- 
t rat ion with S.E. < a_ o.oo 5. 
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medium 8 containing I mM MgSO 4 and for a further 5 h at 28 ° in citrate-ammonium 
salts medium containing I mM L-methionine. The enzyme was extracted from an 
acetone powder of the organism in 0.05 M Tris-HC1 buffer (pH 7.5) and purified by 
DEAE-cellulose, DEAE-Sephadex chromatography using o.oi M Tris-HC1 buffer 
(pH 7.5) and linear NaC1 gradients, o - i  M and O.l-O.6 M, respectively. Further purifi- 
cation was achieved by (NH4)2SO, fractionation and preparative gel electrophoresis 9. 

There was a Ioo-fold purification with approximately a 45% yield of enzyme 
by this procedure (Table I). It  should be noted that two proteins which hydrolyzed 
both substrates were present throughout the purification. The high degree of enzyme 
purity of the final preparation was reflected by the demonstration of only two protein 
bands by gel electrophoresis (gel No. 5, Fig. I). 

The same results were obtained with several individual fermentor runs and 
when different fermentor batches of cells were combined and processed collectively. 
The finding of two enzymes in a cell extract obtained by sonic oscillation would rule 
against the possibility that the two enzymes were artifacts arising from the purifi- 
cation procedure. 

Since two distinct enzyme bands with slightly different electrophoretic mobili- 

Serum a[bumin (68 000)  
L -Amino acid ox idase (63 000) 

Catatase (60 000)  
uvate kinase (57 000)  

"~k Ovalbumin (45 000)  
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Cytochrome c (12 400) 
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Fig. 3. Acry lamide  gel e lectrofocusing of  o v a l b u m i n  (3oo/~g) and  P s e u d o m o n a s  a ry l su lpha t a se  
(5 °/*g/gel)  by  m e t h o d  of  WRIGLEY ll. Gels focused a t  5 ° for 16 h a t  35 ° V wi th  anode  a t  top. 
I, o v a l b u m i n  s ta ined  wi th  b romopheno l  blue;  2, a ry l su lpha ta se  s ta ined  wi th  0.02 M ni t roca techol  
su lphate .  

Fig. 4. De t e rmina t i on  of  molecular  weight  of  a ry l su lpha t a se  by  gel e lectrophoresis  us ing  the  
m e t h o d  of  WEBER AND OSBORN TM. Pro te ins  were run  in t r ipl icate  gels wi th  S.E. of  va lues  ob ta ined  
< :£ 0.005. 
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ties were noted throughout  the purification procedure an a t t empt  was made, using 
the method of HEDRICK AND SMITH 1°, to establish whether the?, were size or charge 
isomers or perhaps both. The parallel lines shown in Fig. 2 demonstra te  tha t  the two 
enzymes are charge isomers, they are similar in size bu t  differ in charge. Fur ther  in- 
vest igat ion of the na ture  of the charge difference was made by  gel electrofoeusing n. 
Fig. 3 shows that  the charge properties were reflected as a subtle difference in isc- 
electric point,  the p I  of enzyme I was 4.85 and enzyme II  had a p I  of 4.9o. 

This degree of resolution in the gel system was also demonst ra ted  with a control 
protein ova lbumin ;  the values obta ined  4.65, 4.7, 4.58, being identical with those 
reported by PERLMANX r' 

The molecular weight of the enzyme(s) was found to be approx. 0o ooo (lqg. 4) 
by  the acrylamide gel method of WEI~ER AND OSBORN la. 

The results of this invest igat ion demonstra te  tha t  P. aeruginosa can sw~thesizc 
two forms of arylsulphatase (charge isomers) when cultured in a synthet ic  medium 
with methionine as the sulphur source. The data  would suggest tha t  pseudomonas 
probably synthesizes a variety of sulphatases with different substrate  specificities 
ra ther  than  a non-specific sulphatase. 

The authors  wish to express their grat i tude to Mr. Brent  Lovely t;~r his in- 
valuable technical assistance throughout  the course of this work. The Nat ional  
Research Council of Canada provided financial support  for this investigation. 
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