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A number of bacteria in the human intestinal flora elaborate hydroxysteroid 
dehydrogenases (HSDH) which can oxidize hydroxyl groups of endogenous bile salts 
to the corresponding ketones’. One of the most common bile salt oxidizing enzymes 
is 7u-HSDH which occurs in Escherichia coii2,3 and Bacteroides fragilis+ s. Simi- 

larly, a 12a-HSDH is elaborated by various non-fermentative clostridia6g7. A third 
common reaction occurring in the human intestine is 7a-hydroxyl epimerizations,g. 
This reaction proceeds via an oxidation of the 7a-hydroxyl group to the correspond- 
ing ketone (by 7a-HSDH) and subsequent reduction of the ketone to the ‘I/?-hy- 
droxyl group (by 7P-HSDH)‘*-’ 5. This process can occur within a single organism 
which elaborates both 7a- and 7/?-HSDH (e.g., Clostridium absonumlO*ll or lipase 
and lecithinase-negative clostridial*, I “) or can ocur in two organisms cocultured 
together, one elaborating a 7a-HSDH and the second elaborating a 7P(-HSDH14~L5. 
One such example is Eubacterium aerufaciens (7/$HSDH elaborating) which when 
cocultured with B. fragilis (7a-HSDH elaborating) can convert chenodeoxycholic 
acid (3a,7a-dihydroxy-5/&cholanoic acid) to ursodeoxycholic acid (3a,7/Gdi- 
hydroxy-5&cholanoic acid, cu. 80% yield) via the intermediate 7-ketolithocholic 
acid (3a-hydroxy-7-oxo-5/Gcholanoic acid) 1 5. This reaction occurs efficiently even 
though the B. fragilis outnumber the E. aerofaciens by more than 1OO:l. 

It should also be mentioned that 7a-HSDH and 12a-HSDH are totally group 
and stereo specific3” 6 and can be used to quantify these respective groups in bile17 
and fecal18 extracts. Theoretically 7/l-HSDH could be similarly used provided a 
stable preparation of this enzyme devoid of 7a-HSDH or other interfering enzymes 
could be obtained. It is the purpose of this paper to describe the use and some of the 
limitations of triazine dye (Procion Red and Cibacron Blue) affinity columns in the 
purification of the 7a-, 7/l- and 12a-HSDH peparations. 

MATERIALS 

Crude cell free preparation of B. fragilis 7a-HSDH4, E. coli 7u-HSDHZ, C. 
absonum 7a- and 7/?-HSDH lg, E. aerqfaciens 7/?-HSDHls and Clostridium group 
P 12a-HSDH7 were prepared as described earlier. All preparations were “shell” fro- 
zen and lyophilized in a Vir Tis lyophilizer. Immobilized Procion Red (Reactive Red) 
and Cibacron Blue (Reactive Blue) Sepharose and EDTA and dithioerythrol (DTE) 
were obtained from Sigma (St. Louis, MO, U.S.A.). “Econo” glass chromatography 
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columns (10 X 1 cm) were from Bio-Rad Labs. (Richmond, CA, U.S.A.). Dibasic 
and monobasic sodium phosphate were from BDH (Montreal, Canada). 

METHODS 

Affinity chromatography was performed on a 2 x 1 cm Procion Red or Cibacron 
Blue column. Approximately 200 mg of lyophilized crude 7a-, 7/& or 12a-HSDH 
were dissolved in a minimal volume of water (ca. 1. ml) and dialyzed overnight 
against twenty volumes of 0.1 M phosphate buffer pH 7.0 containing 1 mM of EDTA 
and DTE. Freshly dialyzed material was placed on the column and allowed to stand 
for about 15 min, then the column was washed with excess buffer until the absorbance 
value at 260 nm of the effluent returned to background level (requiring about 150 ml 
buffer). Enzyme activity was eluted with 600 m&f, 1.0 A4 or 3.0 M NaCl dissolved 
in column buffer. (See Table I for elution buffer required for each enzyme activity.) 
Two-ml fractions were collected and monitored at 260 nm and 230 nm and l&200 
~1 aliquots were assayed for the appropriate HSDH activity (activities). Fractions 
of peak enzyme activity were pooled, assayed and protein concentrations were de- 
termined with Bio-Rad dye reagent 20. Aliquots of crude preparations were similarly 
assayed. Specific activities and fold purification were calculated for each enzyme 
chromatographed. Purified preparations were dialyzed against twenty volumes of 
buffer as performed earlier, shell frozen, lyophilized and stored at -20°C. 

Scaled up purification procedures were also performed with C. absonum 7a- 
and 7/?-HSDH and with Clostridium group P 12a-HSDH using Procion Red col- 
umns (5 x I cm) and 600 mg lyophilized enzyme preparations. 

RESULTS AND DISCUSSION 

Results are summarized in Table I. Successful purification was obtained for 
the C. absonum 7/j’- and 7a-HSDH and E. aerofaciens 7&HSDH, and the Clos- 
tridiium group P 12a-HSDH (all NADP-dependent enzymes). In most cases, Procion 
Red gave better results than Cibacron Blue, both in terms of fold purification and 
yields. As shown in Fig. 1, 78-HSDH activity from the mixture of 7a- and 7/Y- 
HSDH in C. ahsonum could be selectively eluted from a Procion Red or a Cibacron 
Blue column by 600 mA4 NaCl. The 600 mM NaCl eluate was shown to be devoid 
of 7a-HSDH activity. Most of the 7a-HSDH could be subsequently eluted by 3.0 
M NaCl which also contained a portion of 7,0-HSDH which did not elute with 600 
mM NaCl. E. aerofizciens 7P-HSDH could be similarly purified by Procion Red 
chromatogaraphy. Although, in contrast to C. absonum ‘Ijl-HSDH, this enzyme did 
not adsorb to the Cibacron Blue column. Clostridium group P I2a-HSDH could be 
conveniently purified by both Procion Red and Cibacron Blue columns, with a mark- 
edly higher fold purification with the former. This purification is shown in Fig. 2. In 
contrast to the NADP-dependent hydroxysteroid dehydrogenases listed in Table I, 
neither of the NAD-dependent 7a-HSDH enzymes from E. coli and B. jiiagilis 
strongly adsorbed to either affinity system, thus little purification occurred, although 
the E. coZi enzyme was slightly retarded on both columns. 

In a recent review, Dean and Watson 21 have described a long list of enzymes 
and proteins which bind to immobilized triazine dyes. It can be noted that none of 
the above HSDH systems were included in their published list. The commonly used 
term “affinity chromatography” may in fact be a misnomer. Immobilized dye has 
been compared to immobilized nucleotide 2 ‘; in each of these systems, hcwever, there 
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Fig. 1. Immobilized Procion Red affinity chromatography of 7~ (A- -A) and 7/Lhydroxysteroid 
dehydrogenases (@- - -0) from Clostridium absonum. Six hundred mg lyophilized powder was chro- 
matographed on a 5 x 1 cm column. Protein per fraction is.shown in squared area. 
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Fig, 2. Immobilized Procion Red affinity chromatography of 12x-hydroxysteroid dehydrogenase 

(a- H) from Clostridium group P Strain C4850. Two hundred mg lyophilized powder was chromato- 
graphed on a 2 X 1 cm column. Protein per fraction is shown in squared area. 
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appears to be a lack of specificity both in the mode of binding and elution of pro- 
teins7,21. None the less, both systems represent powerful purification tools and the 
immobilized triazine dyes have a much higher degree of substitution and are con- 
siderably cheaper than immobilized nucleotide columns2 l, 

We propose that the above described purification of 7/?-HSDH from the C. 
absonum 7c+ and 7/3-HSDH mixture and that of 12cl-HSDH (Clostridium group 
P) may represent a rapid method of generating preparations of these enzymes for the 
quantitation of 7fl- and 12~hydroxyl groups of bile acids from various biological 
fluids. Immobilized Procion Red is comparable to immobilized NAD columns for 
the purification of 12~HSDH. To our knowledge, no previously described method 
of cleanly separating the 7a-HSDH component from 7fl-HSDH in crude C. ab- 
sonum preparations is available in the literature. The 7fi-HSDH in E. aerofaciensZ2 
is far less stable than the 7jI-HSDH in C. absonumlg. A slightly lower yield of 
enzyme activity on Procion Red affinity chromatography occurred in the former 
(Table I). Additionally the level of crude enzyme activity per culture is also orders 
of magnitude greater in C. absonum when appropriately inducedlg, making this or- 
ganism the source of--7p-HSDH of choice for the quantitation of 7/I-hydroxyl 
groups in biological sources (e.g., bile). 

Current studies include the use of Procion Red column purified 7fi-HSDH 
for the estimation of ursodeoxycholic acid in human bile. 
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