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Chromatography of a halophilic enzyme on hydroxylapati te 
in 3.4 M sodium chloride 

The ex t r eme ly  halophil ic  bac te r ia  require  very  high concentra t ions  of NaC1 
for growth.  Most halophil ic  enzymes s tud ied  are i r revers ibly  inac t iva ted  in the  
absence of high concentra t ions  of  neu t ra l  salts,  and  this  makes  the i r  puri f icat ion 
and charac ter iza t ion  difficult. In  our s tudies  of the  pro teo ly t ic  enzymes of  Halo- 
bacterium salinarium 1, we have t r ied  to  pur i fy  an ext racel lu lar  protease  which this  
organism excretes  into the  growth  medium.  We have found t ha t  i t  is possible to  get  
considerable purif icat ion of this  enzyme b y  ch roma tog raphy  on hyd roxy lapa t i t e .  
H y d r o x y l a p a t i t e  differs from ion exchange in the  respect  t ha t  the  adsorp t ion  of 
pro te ins  is ra re ly  affected by  the  presence of re la t ive ly  high concentra t ions  of  NaC1 2. 
The  Ha lobac t e r ium protease  is adsorbed  even in the  presence of 3.4 M NaC1 bu t  can 
be desorbed b y  increasing the  phospha te  concent ra t ion  of the  elut ing buffer. We  
have also carr ied out  some exper iments  wi th  a nonhalophi l ic  protease  which show 
tha t  the  in t roduc t ion  of acidic groups in this  enzyme m a r k e d l y  affects i ts chromato-  
graphic  behav iour  on h y d r o x y l a p a t i t e .  

Halobacterium salinarium Stra in  I M was grown in Medium 73 under  condi t ions 
descr ibed earl ier  1, and  the cell-free med ium conta in ing the protease  was concen t ra ted  
about  20 t imes  b y  u l t ra f i l t ra t ion  th rough  Diaflo PM io  membranes .  The concen t ra ted  
enzyme solut ion was then appl ied  with  the  a id  of a per is ta l t ic  pump  to a column 
(20 cm × 2 cm) wi th  hyd roxy lapa t i t e ,  p repared  b y  the me thod  of TISELIUS et al. 3, 
which had  been equi l ib ra ted  with  0.05 M Tris-HC1 buffer (pH 8.0) conta ining 
20% (w/v) NaC1. The column was washed with  the  same buffer unt i l  the  effluent 
had  negligible absorp t ion  at  280 nm. The protease  could be e lu ted  with  a buffer 
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Fig. i. Chromatography of concentrated cell-free medium of Halobacterium on a column of 
hydroxylapatite (2o cm X 2 cm). ioo ml concentrate was applied. Elution was performed with 
0.05 M Tris-HC1 buffer (pH 8.0) containing 20% (w/v) NaC1. Start of elution with a buffer 
containing o.o 5 M potassium phosphate is indicated by the arrow. - - ,  material distribution; 
O--O, protease activity. 

Fig. 2. Chromatography of succinylated (A) and untreated (B) Arthrobacter proteinase. The 
start of elution with 0.05 M Tris-HC1 (pH 8.5) containing 20 % NaC10.05 M phosphate is indicated 
by arrows. - - ,  material distribution; 0 - - 0 ,  enzyme activity. 
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which, in addition to the above mentioned salts, contained phosphate. Fig. i illus- 
trates an experiment in which 0.o5 M potassium phosphate was applied and shows 
that  the enzyme was eluted in a single peak. Further increase of the phosphate 
concentration to 0.5 M eluted a small amount of material which did not contain any 
proteolytic activity. The specific activity of the enzyme calculated on a protein 
basis increased about IO times and the recovery was about 50o/0 . 

I t  has been suggested that  the adsorption of proteins to hydroxylapati te  
depends on their content of acidic groups 4. This is confirmed by some experiments 
which we have done with a protease from the nonhalophilic bacterium Arthrobacter. 
This enzyme is a basic protein 5, and it was not adsorbed on hydroxylapati te  under 
conditions used for the purification of the halophilic enzyme (Fig. 2B). However, 
after succinylation which only par t ly  inactivated the Arthrobacter protease, it was 
adsorbed like the Halobacterium proteinase on the hydroxylapati te  and could be 
eluted with 0.05 M phosphate (Fig. 2A). The succinylation was performed by the 
method of KLOTZ AND KERSZTES-NAGY 6 by  adding 40 mg of succinic anhydride 
with intensive stirring, and during cooling, to a solution of 20 mg protease in IO ml 
of water; the pH was kept at 7 by ti tration with 0.2 M NH4OH. After I h, the solution 
was dialyzed against 0.05 M Tris-HC1 (pH 8.0) containing 20% NaC1, before appli- 
cation on the hydroxylapatite.  

Isoelectric focusing experiments in ampholine pH 3~6 showed that  the 
succinylated Arthrobacter protease had an isoelectric point between pH 3.5 and 4.0 
as compared with a value of about 8. 5 for the untreated enzyme. Due to the rapid 
inactivation during electrophoresis, our determinations for the halophillic enzyme 
are less reliable. However, a preparation which had been further purified by gel 
filtration gave a single protein peak with an isoelectric point between pH 3.5 and 3.8. 

The experiments show that  it is possible to purify enzymes from extremely 
halophilic bacteria on hydroxylapati te  in the presence of sodium chloride. Further- 
more the results support the hypothesis of BERNARDI AND KAWASAKI 4 that  the 
adsorption of proteins to hydroxylapati te  depends on their content of carboxyl groups. 
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