
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 25 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Journal of Liquid Chromatography & Related Technologies
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597273

Affinity Chromatography of Ribitol Dehydrogenase, a Possible New Zinc
Enzyme from Mycobacterium Butyricum
Anna Byraa; Krystyna Dworniczaka; Izabella Mierzwinska-cybulaka; Tadeusz Szumiloa

a Department of Biochemistry, Drug Metabolism Medical School, Lubartowska, Poland

To cite this Article Byra, Anna , Dworniczak, Krystyna , Mierzwinska-cybulak, Izabella and Szumilo, Tadeusz(1991)
'Affinity Chromatography of Ribitol Dehydrogenase, a Possible New Zinc Enzyme from Mycobacterium Butyricum',
Journal of Liquid Chromatography & Related Technologies, 14: 15, 2907 — 2918
To link to this Article: DOI: 10.1080/01483919108049365
URL: http://dx.doi.org/10.1080/01483919108049365

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713597273
http://dx.doi.org/10.1080/01483919108049365
http://www.informaworld.com/terms-and-conditions-of-access.pdf


JOURNAL OF LIQUID CHROMATOGRAPHY, 14(15). 2907-2918 (1991) 

AFFINITY CHROMATOGRAPHY OF RlBlTOL 
DEHYDROGENASE, A POSSIBLE NEW ZINC 

ENZYME FROM MYCOBACTERIUM BUTYRICUM 

ANNA BYRA, KRYSTYNA DWORNICZAK, 

AND TADEUSZ SZUMILO 
Department of Biochemistry and Drug Metabolism 

Medical School 
20-123 Lublin, Lubartowsh 85, Poland 

IZABELJA MJERZWINSKA-CYBULAK, 

ABSTRACT 

An e f f ec t ive  u r i f i c a t i o n  procedure of r i b i t o l  
dehydrogenase (RDHY, a possible new zinc enzyme f r o m  
Mycobacterium butyricum is described. The procedure 
took advantage of  d i f f e r e n t  chromatographic methods i n  
which the  most s ign i f i can t  were two a f f i n i t y  chromato- 
graphy steps. One o f  them was the  immobilized metal ion 
a f f i n i t y  chromatography (IMAC), w i t h  the use of  imino-2+ 
diacetate-Se harose 6B (IDA-Sepharose 6B) chelat ing Zn 
ions (IDA-ZII? as an a f f i n i t y  sorbent. The enzyme w a s  
e luted w i t h  a decreasing pH gradient from 7 t o  4 .  The 
o the r  s t e p  was a biospecif ic  a f f i n i t y  chromatography, 
where t h e  enzyme retained on 5,AMP-Sepharose 6B was 
eluted w i t h  10 mM adenosine 5*-monophosphate (AMP). 
RDH was purif ied 174-fold w i t h  10.2% of recovery, and 
the f i n a l  preparation was homogenous i n  polyacrylamide 
ge l  electrophoresis.  

INTRODUCTION 

Among the  seve ra l  polyhydric alcohol dehydrogenases 

described i n  nature,  s o r b i t o l  dehydrogenase is, t o  the  

best  of  our knowledge, the only enzyme of  t h i s  type which 
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BYRA ET AL. 2908 

contains zinc i n  the s t ruc tu re  (1,2). However, we showed 

i n  mycobacteria the occurrence of r i b i t o l  dehydrogenase 

whi-ch revealed the absolute requirements f o r  Zn2+ ions 

i n  the growth medium (3). The enzyme was also s e n s i t i v e  

t o  chelat ing agents ( 4 ) .  These i n d i r e c t  proofs ind ica t e  

t h a t  r i b i t o l  dehydrogenase (RDH) from mycobacteria might 

be a new kind of  z inc enzyme. However, t h e  possible  

metalloprotein nature of RDH can only be proven by isola-  

t i n g  the  homogenous enzyme from the  c e l l s  and measuring 

both a c t i v i t y  and zinc. 

In t h i s  report ,  we chose Mycobacterium butyricum 

as a good source of  RDH and used a biospecif ic  a f f i n i t y  

chromatography, an immobilized metal ion a f f i n i t y  chro- 

matography as w e l l  as o the r  chromatographic methods f o r  

i s o l a t i o n  of t h e  homogenous protein.  

YIATERIALS AYD METHODS 

Special reaaents. 

Meso-erythritol was from Koch-Light Lab. Ltd (Coln- 

brook, England) ; adenosine S’-monophosphate (AMP) - 
Sewa  (Heidelberg, Germany) ; nicotinamide adenine dinu- 

c l eo t ide  (NAD) - Reanal (Budapest, Hungary) ; Tris(hy- 

droxymethy1)aminomethane - Sigma Chemical Co (St.Louis, 

USA) ; DEAE-cellulose DE-53 - Whatman Biochemical Ltd 

(Meidstone, England) i 5,AMP-Sepharose 6B, Chelating 

Sepharose, Sephadex G200  and Sephacryl S-300 were from 

Pharmacia (Uppsala, Sweden). 
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RIBITOL DEHYDROGENASE 2909 

Buffers . 
Euffer A, 50 mM phosphate buffer (pH 7.3); Buffer B, 

10 rnM phosphate buffer  (pH 7 . 3 ) ;  Buffer C, citrate/pho- 

sphate buffer (pH 7.0) containing 1 M sodium chlor ide 

To a l l  buffers 2.5 mY 2-mercaptoethanol was included. 

Chromatonraphic columns. 

Sephacryl S-300 column (2.2 x 84 cm) and Sephadex 

G-200 column (2.5 x 100 crn) were equ i l ib ra t ed  with Buffer 

A. DEAE-cellulose DE-53 column (2.2 x 25 cm) and 5’AlV- 

Sepharose 6 B  column (1 x 15 cm) were equ i l ib ra t ed  with 

Buffer R. Chelating Sepharose (Iminodiacetate-Sepharose 

6i3) charTed with Zn2+ ions (IDA-Zn) column (1 x 22 cm) 

was equi l ibrated with Buffer C. 

Fract i onat ion procedure. 

Y. butyricum c e l l s  (60 g )  were grown, harvested, 

disrupted i n  an u l t r a son ic  d i s in t eg ra to r  and c e n t r i h g -  

ed as previously described (5 1. The r e su l t i ng  ce l l - f r ee  

ex t r ac t  was fract ionated with ammonium s u l f a t e ,  and the 

proteins  p rec ip i t a t ed  between 0.4 and 0.7 sa tu ra t ion  

were col lected by centrifugation. These were dissolved 

i n  43 r n l  o f  Buffer A. Portions of 2 ml of  the a l iquo t  

were heated f o r  1 nin a t  7OoC, cooled and the  coagulated 

p ro te ins  were discarded by centrifugation. The superna- 

t a n t  was dialyzed overnight against  Buffer B (Ash-fraction). 

The Ash-fraction was applied on DEAE-cellulase 

column, washed with Buffer B and enzyme was eluted with 

a l i n e a r  gradient o f  NaCl 0-0.5 M (250 ml i n  each vessel) .  

The pooled act ive f r ac t ions  were concentrated t o  about 
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2910 BYRA ET AL. 

4 m l  by u l t r a f i l t r a t i o n  and put on a Sephacryl S-300 

column. Elution was performed with Wlffer A. The ac t ive  

f r ac t ions  were concentrated again t o  the same volume and 

applied on IDA-Zn column. This was washed wi th  Buffer C, 

and the enzyme was eluted w i t h  a decreasing l i n e a r  gradient 

of pH 7-4 (100 ml). The ac t ive  material  was concentrated 

t o  3 m l  and fract ionated next on a Sephadex G-200 column. 

The f i n a l  s t ep  was t h e  chromatography on 5'ANT-Sepharose 

6 B  coluni. The concentrated ac t ive  f r ac t ions  f r o m  t he  

preceding s t ep  ( 4  ml) were made 0.5 $7 with YaC1 and put  

on the column. This  was washed with Buffer B, followed 

by 0.5 I'4 N a C l  and Buffer 3. The enzyme was eluted w i t h  

10 mN ATPIP. The concentrated f i n a l  preparation ( 2  ml) was 

dialyzed and underwent polyacrylamide gel  e lectrophoresis  

t o  check the puri ty .  

Enzyme ass=. 

The enzyme was assayed with a standard system whi.ch 

contained 120 pmol glycine/NaOH buf fe r  (pH 9.7), 40 pmol 

e r y t h r i t o l ,  0.5 pmol NAD and enzyme i n  t h e  t o t a l  volume 

of 1.5 m l .  Increase i n  absorbance a t  340 nm a t  room tempe- 

r a t u r e  followed f o r  3 min. One u n i t  of a c t i v i t y  is  defi- 

ned as the  amount of enzyme which catalyzed the  reduction 

o f  1 pmol NAD per  min under the spec i f i ed  conditions. 

Proteins were measured with the  Folin reagent ( 6 ) .  

Polvacrvlamide a e l  electroDhoresis. 

The method of Davis ( 7 )  was used. The proteins  were 

s ta ined w i t h  Amido Black. Activity s t a in ing  was performed 

by incubating the g e l  (37OC, 30 min) i n  the assay mixture 
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RIBITOL DEHYDROGENASE 291 1 

also containing 0.1 m l  nit rotetrazol ium blue (8 mg/ml) 

and phenazine methosulfate ( 4  mg/ml). 

RESULTS AND DISCUSSION 

In t h i s  proposed RDH pur i f i ca t ion  procedure t h e  

most e f f ec t ive  were two a f f i n i t y  chromatography s teps .  

One o f  them was the  immobilized ion a f f i n i t y  chromato- 

graphy (IMAC), a method f i r s t  introduced by Porath ( 8 )  

f o r  s e l e c t i v e  separation of proteins.  IMAC exp lo i t s  

t h e  a b i l i t y  of t r a n s i t i o n  elements (i.e. Cu, Zn, N i ,  

Co) t o  form s t a b l e  coordination complexes with e l ec t ron  

-r ich amino acid residues,  such as h i s t i d i n e ,  cysteine 

and tryptophan (Porath's t r i a d e ) ,  which a re  located on 

the  surface o f  proteins  ( 9 , l O ) .  These elements a re  

attached t o  a llolid matrix v i a  immobilize6 l igands,  

mostly imminodiacetic acid (IDA), producing a polyden- 

t a t e  chelates.  Owing t o  t h i s  method, d i f f e r e n t  p ro te ins  

were separated and purif ied,  as  f o r  instance human growth 

hormone (11 ), t i s s u e  plasminogenmtivator (121, glyco- 

phorins (131, carboxypeptidase B (14) and <-amylases 

(15). For more examples readers are  r e fe r r ed  t o  d n n e r -  

d a l  and Keen (16) and Sulkowski (17). A number of  o the r  

appl icat ions of IMAC encompassing separation of c e l l s ,  

immobilization of enzymes, HPLC separation of peptides 

and hormones and others ,  have been reviewed by Arnold 

(18). A new approach defined as "reversed" IMAC can be 

applied t o  withdraw a metal component from the  s t r u c t u r e  

of metalloproteins, but i n  these case tris (carboxymeh 
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2912 BYRA ET AL. 

thy1)ethylenediamine (TED) is preferable  t o  I D A  (19). 

The above-mentioned examples demonstrate the v e r s a t i l i -  

l i t y  o f  IMAC which is s t i l l  l e s s  popular chromatogra- 

phic method than it should be. 

When comparing the  adsorption capacity of d i f f e r e n t  

immobilized metal chelates  t o  serum protein,  Porath’s 

group (8) found i n  t h e i r  pioneer study the following 

order:  Cu)Zn)Ni)&. Thereafter IDA-Cu has become the  

most frequently used chelate  i n  IMAC, and IDA-Zn has 

been next i n  importance. Unfortunately, our attempts t o  

apply the immobilized IDA-Cu f o r  the  pu r i f i ca t ion  of  RDH 

were i n  f a i lu re .  While the enzyme was f u l l y  re ta ined on 

the  column, ye t  i ts  desorption was completely non-selec- 

t i v e  process, i n  s p i t e  of d i f f e r e n t  e luants  used ( l i n e a r  

or step-wise gradients of imidazol, or pM). Furthermore, 

a continuous leakage o f  cooper ions from the matrix 

inact ivated the enzyme rapidly (ha l f - l i f e  o f  RDH a t  

3 mM Cu2+ions was found t o  be 5 min). However, IDA-Zn 

appeared t o  be an excel lent  adsorption material. For in- 

stance,  i n  one fract ionat ion of the DEAELcellulose e lu  - 
a t e ,  when using a pH gradient e l u t i o n  (from 7 t o  4 ) ,  

I l - fold pu r i f i ca t ion  of RDH w i t h  84% of recovery was 

obtained. Therefore, t h i s  method was applied i n  the  stan- 

dard pu r i f i ca t ion  procedure (Fig. 2 1,. a f t e r  DEAE-cellulose 

(Fig. 1 )  and Sephacryl S-300 steps.  Noteworhy i s  t h a t  

imidazol, t he  compound widely used i n  IMAC, cannot be 

applied f o r  t h e  e lu t ion  of F b H  s ince it has an inhibi to-  

ry  a c t i v i t y  fowards the enzyme (not shown). 
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20 40 60 80 100 120 
Fractions /No/ 

Figure 1 : Ion-exchange chromatography o f  r i b i t o l  dehy- 
drogenase from M. butyricum on DEAE-cellulose DE-53 
column. Ash-fraction (43 ml, 48.6 u n i t s )  was appl ied  
on t h e  column (2.5 x 25 cm). Elu t ion  was performed wi th  
t h e  l i n e a r  r ad ien t  o f  I J a C l  from 0 t o  0.5 ?.I (250 ml i n  
each vessel?. and 4 ml-fractions were co l lec ted .  

A b iospec i f i c  a f f i n i t y  chromatography was t h e  o t h e r  

s t e p  succes fu l ly  used i n  RDH pu r i f i ca t ion .  It is w e l l -  

known i n  case o f  XAD-dependent dehydrogenases t h a t  AMP 

and NAD serve  a s  "general l igands" ,  while  NAD o r  i t s  re- 

duced form - NADH a r e  used as e l u t i n g  f a c t o r s  (20). In  
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20 40 60 80 100 
Fraction /No/ 

3 

7 

'x 
5 '  
I, 

1 

i 

Figure 2: Immobilized metal ion a f f i n i t y  chromatography 
of r i b i t o l  deh drogenase on IDA-Zn column. Sephacryl 
5-300 e lua te  (i m l ,  19.2 u n i t s )  was applied on the  
column (1 x 22 cm). Elution was performed with the 
l i n e a r  gH gradient of  Buffer C from 7 t o  4 (100 m l  
i n  each vessel) ,  and 2 ml-fractions were collected.  

our study we attempted bhe use o f  5'AW-Sepharose 6 B  as  

t he  a f f i n i t y  adsorbent and AMP as t h e  much cheaper compe- 

t i t i v e  ligand f o r  t he  e lu t ion  of t h e  RDH (Fig. 3). 

Table I shows the  pu r i f i ca t ion  and recovery of t h e  4 

p a r a l l e l  f ract ionat ion procedures i n  which the  enzyme was 
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105 g 

of  r i b i t o l  Figure 3:  Biospecific a f f i n i t y  chromatography 
dehydrogenase on 5*AMP-Sepharose 6 B  column. Sephadex 
G-200 e lua te  ( 4  m l ,  14.4 u n i t s )  were applied on the  
column (1 x 15 cm). Elution was performed with 10 mM 
AMP, and f r ac t ions  of 4 m l  were collected.  1,3 Buffer B; 
2, 0.5 M NaCl ; 4 ,  10 mPl AMP. 

e h t e d  from 5'AMT-Sepharose 63 column with increasing 

concentrations of AMP. One can see t h a t  10 m:I AMP i s  

preferable  s ince i n  t h i s  case FU)H was pu r i f i ed  Id-fold 

with 80% of recovery. Higher concentrations o f  AXP should 

r a t h e r  be avoided because of  the competitive inh ib i t i on  

of  XDH (data not shown). Other compounds t e s t ed ,  namely: 

e r y t h r i t o l  (50 mM), KC1 (1 -"I>, ADP (10 mM) were very 

poor desorption factors .  
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Table I 

Effect of AMP Concentration on t h e  Desorption o f  R ib i to l  
Dehydrogenase from the 5’AMP-Sepharose 6 B  column 

AMP 
! mM) 

1 

5 
10 

15 

Protein Activity Purifi- Yield 
(mg > t o t  a1 spec cat ion (%> 

(un i t s  > (~/rng) 
Applied 

14.0 3.1 c. 22 100 

Recovered 
0.09 0 0 3 0 

0.23 0.91 3.95 17.9 29.3 

0.24 2.5 2.27 10.3 8G.  6 

46.7 0.19 1.45 1.66 7.5 

1 ml-portions of t he  Ash-fraction (3.1 u n i t s )  were 
aTplied on the 5’NIP-Sepharose 6B column (1 x 15  cm). 
Protein denotes proteins  e luted by AMP. 

The e n t i r e  RI3H pu r i f i ca t ion  procedure can be nummari- 

zed as follows. Ke processed a cel l - f ree  ex t r ac t  (300 ml) 

having 79.5 u n i t s  of the t o t a l  a c t i v i t y  and 0.034 u n i t s /  

me; protei.? spec i f i c  ac t iv i ty .  As a resul t ,  we obtained a 

f i n a l  prepar&tion possessing respect ively 8.12 units and 

5.94 units/mg. This makes 174-fold pu r i f i ca t ion  of  RDH 

w i t h  10.2% of recovery. The preparation showed one p ro te in  

band in the  polyacrylainide g e l  e lectrophoresis  that  coin- 

cided s t r i c t l y  wi th  the  band of the  enzyme ac t iv i ty .  
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