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Isolation and Partial Purification of the Steroid
9a-Hydroxylase from Mycobacterium fortuitum
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Abstract-The steroid 9o-hydroxylase activity has been detected in cytosol fraction. 100.000Xg su-
pernatant of cell free extract of Mycobacterium fortuitum. The activity was not linear with protein con-
centration in the assay suggesting 9o-hydroxylase is a multicomponent enzyme. The 9o-hydroxylase
system was partially purified through fractional saturation of ammonium sulfate, strong anion ex-
change (Mono Q) column chromatography, gel filtration (Superose 12) column chromatography, and
testosterone affinity gel chromatography. Ammonium sulfate 50~60% saturated fraction of the cytosol
gave 9o-hydroxylase activity. For further purification. the half-saturated ammonium sulfate fraction
was applied to Mono Q. Superose 12, or affinity gel column. The purification factors of 9o-hydroxylase
containing fraction after Mono Q, Superose 12, and affinity gel chromatography was 13, 11, and 17
respectively.

Keywords [ | steroid 9o-hydroxylase, partial purification, multicomponent enzyme. fractional sa-
turation of ammonium sulfate, Mono Q chromatography. Superose 12 chromatography., testosterone af-
finity gel chromatography.
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M. fortuitumE 100 mI] M ®i#] (nutrient broth
8 g : Difco A}, yeast extract 1g: Difco A}, gly-
cerol 5g. tween 80 1g/Doll HE3}] 28°C, 160
rpm A guld7iol A 72417t wkg ¥, o] wigHE 1
19] wiRlell 10%2 AP E3st] 36212 of w3t
o] ujoklo 9a-hydroxylase® =222 N, N-
dimethylformamide(DMF)el] =<2 ZZAXHE
(Sigma AD& HZF Fx71 200 mg/lo] SA 713l
12717 o] wjedsidct. o] wigdE 10,000x gollA
787t 9428 (Beckman Model J2-21IM/E 9A4#
73, NEE £HIAG. o] T8T ALE Y
Aol 1/109 HZdd= F 25mM  3-(N-
morpholino) propane-sulfonic acid(MOPS : Sig-
ma Ah &894 (pH 8.0) 2.8 A3t -70°C W% 7]
o Bastget -70°Col BARY HEE Ao vz
ato) %9l o2 HE FA(wet weight)9] 25%¢l )
23l 9] glass bead(150~212 microns, acid-
washed : Sigma AD¢} 37 AEXE FE3] grind-
ingdtdeh. of7jell AMEFA L] 2v) Fxe] buffer A
(10% glycerol, 2mM 1 4~dithiothreitol(DTT :
Sigma A}), 100 uM phenylmethy! sulfonyl flu-
oride(PMSF : Sigma *hE& X%#3le= 25 mM
MOPS, pH 8.0)2 713l @gA)7l o, o] &
o EH(30u output, 50% duty cycle: Branson
Sonifier 450)31{th. o] @Erle] 20,000 xg S B
cell free extract2 AHS-3t 1L, AAEL thA] buff-
er AZ AEAA 4] A& R A YFATH doj
cell free extract® Beckman Model L-80 44 E
715 ol&3te 100.000xgolA 9087 LA El3}
dor, or|A dojF FARE AFE A Fo=
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Hslxn, A7/LvZ chloroform/methanol(96:4, v/
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o|g3lct, HPLC £4& o3 o] Ysldct 7
Qb H&A)17) FAtol methanol 500 pi, chloroform
500 jl, FF7 500 WE A2 Feta o] RS AR
g} stgdct. 2% chloroform® 25 ke 33t 475
uiel acetonitrile® E¥3}, o]FolA 50 pTHE:
HPLC ¥439tt. HPLCEAS reverse phase
Cygcolumn(2.5X 150 mm, particle size 4 pm:
Cosmosil AH& AR&sled HPLC system(Pump :
LC9A, UV detector : SPD-6AV, System con-
troller : SCL-6B, Integrator : C-R6A, Shimadzu
AHDE o]&3te] AAjstdth Mobile phasew 50%
acetonitrile/H,0& AH&3l9ey, #4L2 0.5ml/
min® 2 3}4 238 nmolA A #Fstdct

g g

7HEA e o 3132 Bradford Wel 23] AA
3ldct. EFEAEZE bovine serum albumin
(Sigma AH& AH&3I9 2P, 595 nmolAe] F3 = ¥



640 2 8 A

se g s 24sgch”

i elRE B

AE 9338 2o B4 IR F(Sigma ADE 713t
of (°Coll X MH3) ket o] Fat ARy E3HE
AL 15.000x goll A 3087 Y Eelet] AHdE2E =
stct. 7t gl guE X3 2] AAEE FEF
buffer A%l =9 £ YM10 membrane(Amicon A}
& A3l el ed 98 AASHEA A
gdg FERIHAT. FFAYN B4 7)AY
DHMTE 50ug 7kt o2, o|& €9 9o-hy-
droxylase B4 ZMAlY] WHEEHOE BESAIRTE
o] ¥h3-29] ethylacetate FEEE & AZvED
2] BAslo] 9o-hydroxylase A& HehiE 3
Ab oty ¥ 3 BEg delsisin)

Mono Q column 20} 12}I)

ik bR E E3) 280 2 9a-hydroxylase &40l
de ALE #geolsl AE 4y 2o it dEF
50~60% X3} 8o AHES FEH buffer B
(10% glycerol, 2mM DTT, 0.2% Aprotinin: Sig-
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70°Cell A 3083 A% the 15,000x goll Al 10E3
AR HAHES AJY. o] AAEE gel load-
ing buffer(50 mM Tris pH 6.8, 10% glycerol, 2%
SDS. 0.1% bromophenol blue, 100 mM DTT) 5 wi
of =91 ¥ 100°C #% EollA 587 71893l &3]
A AJEE At ol 2213 marker(high
molecular weight marker : BRL AHE pres-
tainedd A& AHE3I e, ZF BE D3] 3 pg¥
23 st FYehA 2AEAUT 5% Stacking
gel 2 12% resolving gel® slab gel & FETHS”.
@la AJRE HAsT Trisglyeine elec-
trophoresis buffer(5 mM Tris pH 6.8, 50 mM gly-
cine, 0.02% SDS)E AH8-3t] 20 mAZ W79 E3}
k. Ar1gdEo] B F gelg TollA] HEdled gAY
#(0.1% Coomassie brilliant blue R250 in H;O :
MeOH : HAc=60:30:10)ll o} 108 &< &8
FHA GASt dMo] B geld BN (H,0
! MeOH : HAc=60:30:10)ell o] 2~-33] &4ig
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AX AP P diFd Fxo WE 9o-hy-
droxylase 84& A3, o] g4} o] chailg
2 FAHY eA ol E48 Jehlisd 27) o)
4ol dllFde] gFHEA ZolHsk). 9a-Hy-
droxylased] 4 A #F& HPLC 4 & o]&3}od, 7]
Z 2l DHMTA 9o-hydroxylaseoll 3] 9a, 11a-
oxido-MT¢} 9o, 11a-oxido-A-MTE H@H+= A&
2 st tH(Fig. 1).

I A7 BE 9 A FgolM BoR|e gl
& 571 849 lineardtA $71sls BAl7) o, o}
A E4 BHEolA BAXE nonlineardt HHE B
HrHFig. 2). °lRAL M. fortuitume 9ohy-
droxylase’l THd& Eaehs AL ¢S o] &
3= Nocardia sp.2) 9o-hydroxylaseZ} 370¢] @3l
2 A" G2ke FoME YFo] dot? a8jn o
H-29] monooxygenase?] 282 reductase & X3
gt 27) B 30 AR A ofs) JEehd
t} ¥ Pseudomonas putidas) ZE&31= camphor-5-ex-
o-monooxygenase’, Streptomyces griseus®] AEZ
B P450,, 4", 28| Z0]= hydroxylation 4<

B 358
787

Fd
oy

T
z_

B Y
>

SOA/0G
e}

aa

G3-00-00

Fig. 1—The HPLC chromatograms of 9o, 1llo-oxido
compds. of 9(11)-dehydro-17a-methyl-te-
stosterone(DHMT). A and B exhibited 9o, 1la-
oxido-17B-hydroxy-17a-methyl-4-androstene-3-
one(9a, 1lo-oxidoMT) and 9a, 1lla-oxido-17B-
hydroxy-170-methyl-1,4-androstadiene-3-one(9a.,
1lo-oxido-A~MT) as standards. C showed
steroids after incubation of DHMT with cytosol
of M. fortuitum. The retention time of DHMT
was 12 min (data not shown).
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Fig. 2— Relationship between 9o-hydroxylase activity
and the amount of protein in the assay. Reac-
tion was carried out in the cytosol fraction of
M. fortuitum. "Produced 9o, 11o-oxido compds.
of DHMT nmol/min.

ehl= Bacillus megaterium®) PA50, A", P450y,
monooxygenaseA|'?, Pseudomonas putida JT8102] p-
cymene?] $4t3lel WeddH= monooxygenase ',
Methylococcus  capsulatus®] methane monoox-
ygenase', Pseudomonas oleovorans®] A%t w-hy-
droxylase”, Pseudomonas sp.2] naphthalene diox-
ygenase', 12) 31 Mycobacterium<} alkene monoox-
ygenase'” S| gl gaiA Ut} 12, A EFE P
450p52! XHHF monooxygenasets 9EC 2L FE
& Zojatg-g ehi ®

7HEAl el FeElE &3 M. fortuitumdlld 9a-
hydroxylase®] &2 2 AAls ©liFe] 3% Aol
& o] 8- i $=F B, HaFe zlo)E o] &3
olgug ARvtEY, EALFe] Helg o4
gel filtration AZvFETI2HY | liganddl g 3=
£ o] 43t affinity A2EIHE HAIEtS =33}
Au. 2H 2ol AFAFEA M. fortuitumB Tt} No-
cardia} Rhodococcus®] 9a-hydroxylase 84do] ¢
7sht, o|E FFoA 9] 9a-hydroxylase= Al X}l
A%E ez EAs oJeiriA] AW TS
AHg3le] 71838l E deE A4 48 2S5l
g, 28z M. fortuitume] 2HZ2ol= 9a-hy-
droxylase® B 42 F 28Ho2 Hdo g Hojx
e = A, RS DEAE-cellulose 2w}
Ea3}9 X Sephadex G-75 gel filtration 22w}
Eagy 39S v 48 28 5 Ut A
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Fig. 3—The TLC profile of conversion of 9(11)-dehydro-
17a-methyl-testosterone by(NH,,SQ, pre-
cipitate of cytosol fraction of M. fortuitum, Lane 5,
6, and 7 designated "DHMT, “9a., 1le-oxido-MT,
and 9, llo-oxido-A-MT as standards. ‘ex-
pected to be 9(11)-dehydro-17B-hydroxy-170-
methyl-1, 4-androstadiene-3-one(A~DHMT). In
A, lane 1. 2, 3, and 4 showed transformation pat—
terns of DHMT by cytosol fraction, (30% (NH,),
SO; fraction, 30~70%(NH)S0, fraction, and >
70% (NH,SO, fraction, respectively. In B, lane
1. 2, 3, and 4 showed transformation patterns of
DHMT by cytosol fraction, 30~45% (NH, SO,
fraction, 45~60%(NHyS0, fraction, and 60~
70% (NH SO, fraction, respectively. In C, lane 1,
2, 3, and 4 showed transformation patterns of
DHMT by cytosol fraction, 45~50%(NH,) SO,
fraction, 50~55%(NHJSO, fraction, and 55~
60% (NH,) SO, fraction, respectively.

FPLC(Fast Protein Liquid Chromatography)&
o] &3ttt J18lv} FPLCE AMS3hs ¢, AAg &
Qe GRA go) vl §- Moz F4 F4E FHIE
ol olzi&o] AUt

L4 M. fortuitume] ME 9¥F E3L (30%,
30~170%.> 70%9 3t d5F ¥3t BYo2 v o}
& Z} 849 9o-hydroxylase 84S 2% a2
vtE ety £4o2 S ch(Fig. 3-A). 1 3,
28| 2o]|= 9Ja-hydroxylase B4 30~70% it
42w ¥31 394 JERT. o] 30~70% Bt o
25 33 283 & o AlEsto 30~45%, 45~60%,
60~70% i ¢=E F3 B2 1}ro| Jo-hy-
droxylase 838 F3319 S o, 456~60% it 4=
F X3 £oA o] &4 A4S AT 7 AT
(Fig.3-B). o] #8& oA 45~50%, 50~55%, 55~
60% St dEE ¥3 $Yo.2 1pro] H S
A% A3 50~55% 55~60% B3 4=EF E3
E 8l DHMTS 90, 11o-oxido 3H§-E0] AAH
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Fig. 4 —Mono Q chromatography of 50~60% (NH,),SO,
saturated fraction of cytosol from M. fortuitum.

= A2 2 (Fig. 3-C). 50-60% &1t d=F X3 3
ol 28|Z0] ga-hydroxylase’} £xj3HS &Helg 4=
AUt

M. fortuitume] N E 43A F-¥ 2| 50~60% Ft &
By ¥3 £8& YMI0 membraneg AH83l 39
o 1ste] FE AAT Fof il Lelof A= o-hy-
droxylase @4°| 35% 3|F=ct. of @iy LAg
FPLC# anion exchange Mono Q column®ll &%
the 0~0.75M KCl 5% FulE HojFo] chifa g
£2A12 < u, 9a-hydroxylase:= 0.3~0.4 M KCloll
A E=%on F4 BAHL 13% 35EHAN spec-
ific activity®= 134} 71519 cH(Fig. 4, Table D).

a3 50-60% 3 ¢RE ¥3 238 FPLCE
gel filtration column$! Superose 128 AF&3lo] 22

b
25 l

2.0
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0.5 i l

0.0 -0 y ’ r
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Fraction number
Fig. 5— Superose 12 chromatography of 50~60% (NH,)
50, saturated fraction of cytosol from M. for-
tuitum, As molecular weight markers, *thyro-
globulin(667,000 dalton), "bovine serum albumin
(68,000 dalton), and “B-actoglobulin(18,400 dal-
ton) were used.

g e}y 39-& Wi specific activityZ} MI¥ 93
2 o uls 11v] yhol]l F71381R] YgicHFig. 5.
Table II). 212} ligandZ HIAEAHEo] AjMY af-
finity gel® T+Eo| affinity Z&vtE12tuE A8}
Hom, o] F$ 9o-hydroxylase®) specific activity=
Mono Q4 Superose 12 Z2rvtE 121 o] $38 o
2ot & o 718192 HTable IID), ligandell ohdt 31
st=E neishd 34 F7Hckn 8 4 gich

Affinity gelolA] 5€] £&d 9¥93d& SDS-PAGE
3le] 9o-hydroxylase®] bandE <&l (Fig. 6).

Table I— Purification of the steroid 9o-hydroxylase from M. fortuitum

Total Protein Total Specific Recovery Purification
Step (mg) activity’ activity® (%) factor
Cytosol fraction 374 965 2.6 100 1.0
50~60% (NH4),SOq saturated fraction 32 335 10.5 35 4.0
Mono @ chromatography 39 130 33.3 13 12.8
“Produced 9¢, 11o-oxido compds. of DHMT (nmol)
*Produced 9¢., 11a-oxido compds. of DHMT (nmol)/mg of protein
Table I — Purification of the steroid 9a-hydroxylase from M. fortuitum.
Step Total Protein Total Specific Recovery  Purification
(mg) activity” activity” (%) factor
Cytosol fraction 340 747 2.2 100 1.0
50~60% (NH,),SO, saturated frac- 56 599 10.7 80 4.9
tion 45 105 23.3 14 10.6

*Produced 9o.. 11o-oxido compds. of DHMT (nmol)

*Produced 9a, 11a-oxido compds. of DHMT (nmol)/mg of protein
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Table Il — Purification of the steroid 9e-hydroxylase from M. fortuitum

Step Total Protein Total Specific Recovery  Purification
(mg) activity” activity’ (%) factor
Cytosol fraction 1720 3680 2.1 100 1.0
50~60% (NH 230, saturated fraction 192 1597 94 43 45
Affinity chromatography 9.6 345 36 9 17.1

“Produced 9a., 11a-oxido compds. of DHMT (nmol)

*Produced 9o, 11a-oxido compds. of DHMT (nmol)/mg of protein

Affinity geldll ©tiial8 A& ¥ ligandol 2¢H ¢
WS- 0.5M NaCl, 0.1 M NaCl, 1.0M NaClZ &=
AollE 9o-hydroxylase®t A'-dehydrogenase 842
FAlol g9d 4 AAcHFig. 6: Lane 3, Lane 7,
Lane 8). 21} ligandoll XS 9id e L34
(Fig. 6: Lane 1, Lane 2, Lane 4, Lane 59 A-
dehydrogenase ¥42 & £ giled, 9o-hy-
droxylase 842 Lane 49 93 3z Eele]
HA=, 2AL affinity geloll A3z Tl goj
gol AR AA7} HA] Fs7) WFoT AR, o]

97KDa
68KDa

43KDa

29KDa

Fig. 6 — SDS-polyacrylamide gel electrophoresis of elu-
tion fractions from affinity chromatography
step of 50~60%(NHJ) SO, saturated fraction
of cytosol from M. fortuitum. Lane 6 showed
SDS-PAGE patterns of molecular weight stan-
dards (myosin, 200,000 phosphorylase B, 97,
400; bovine serum albumin, 68.000: oval-
bumin, 43.000: carbonic anhydrase, 29,000: B-
lactoglobulin, 18,400: lysozyme, 14.300). Lane
3. 7. and 8 exhibited electrophoresis of 0.5M.
0.1M., and 1.0M NaCl eluent that gave 9a-
hydroxylase and A'-dehydrogenase activity.
Lane 4 showed PAGE pattern of binding
eluent that exhibited 9a-hydroxylase activity.
Lane 1, 2, and 5 showed electrophoresis of
binding eluent that didn’t give either of these
activities.

92 AnE Fig 69 Lane 3, 7, 84 dehi=
45000 dalton 23 band’t EA3= A-dehy-
drogenased] 2J& AoZ A3 & YAtk 12,
Nocardia corallinao| 4] E-2] AAE A'-dehydrogenase
o] #2}22 60 KDaolzta Haso] Q. ”
90-HydroxylaseE 73 d¥dd tigt 41E
A7)1913) affinity 229HE 12}0] dted 743 9o-hy-
droxylase A& Holx= 1.0M NaCl eluentE
Mono Q ZZrtE 12} SHATHFig. 7). o714 49
2 £8 & ko] Mono Q Z2vtE 12 9ol A 9a-hy-
droxylase ¥4< Jehd £3o] 0.3~04M KCl
eluent?] A& &3}, 9o-hydroxylase 842 &
AT T glley o] #8& SDS-PAGE &2 4
50 KDa, 60 KDa, 72 KDa A %9 3739} band”} 90~
hydroxylase &4 €4<& yehlicd "agh o
o 9% Ao 2 Y & AN (Fig. 8). 2= ©]
BA2E P dgdel dish AR E HFEI Ao

g 74 dlag gzagz 2 YAste SAS 7
B3 Fol vl Aot
0.4
J———— 0.75
0.3 I!
+ :
0.2 4 =
§ %
<
0.1 >
Q
X
0.0 0.0

Fraction number

Fig. 7— Mono Q chromatography of the steroid 9a-hy-
droxylase containing fractions resuiting from
affinity chromatography of (NH,),SO; sa-
turated fraction of cytosol from M. fortuitum,
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Fig. 8 — SDS-polyacrylamide gel electrophoresis of elu-
tion fractions from Mono @ chromatography
step of Ya-hydroxylase containing fraction
resulting from affinity chromatography. Lane 1
and 7 showed SDS-PAGE patterns of molec—
ular weight standards(myosin, 200,000: phos-
phorylase B, 97,400; bovine serum albumin, 68,
000: ovalbumin, 43,000: carbonic anhydrase, 29,
000: B-lactoglobulin, 18.400; lysozyme, 14,300).
Lane 2 exhibited SDS-PAGE of 9a-hydroxy-
lase containing fraction from affinity chro-
matography. Lane 3, 4, 5, and 6 exhibited elec-
trophoresis of 0.3~0.35M, 0.35~0.4M, 04~
0.45M, and 0.45~0.5M KCI eluent from Mono
Q chromatography. respectively.
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