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HE: [ BB9)5E &k A # &5 H AT (Mycobacterium neoaurum) NRRL B-3805 49 3- B -9a-# A L8 (KSH) £
TEA COzEMA C-1,212 B A #% [ 53K ) ksh 2 B & 89 Jo A B4 409 kshA395 = 3T J7 Bk 40 5 kshB122
5 A AE K% AF 8 (Escherichia coli, E. coli) BL21(DE3) ¥ #t 47 f IR & ik, WA 4-# 45 -3 ,17-=8A(4-AD) A &40, 4
7] B KshA395.KshB122 A & # & 5 b5 i & aF L3t 7 B gL RO o 38 3d 3 BB AR & 4R 4 44 3 pET28a-kshB-
kshA % Bk & i #2 , xF KSH 69 U4 4 B 47 45 & 38 51 VA 4-AD A R 4 it 47 B 1L RO o [ 45 3R ] KshA395 Fe
KshB122 ¥ 3+ 4-AD 2 L LA SR8, 4 1,4-4 = H-3,17-—EA(ADD), A N HZ A WAE B F bR & 49
KSH A 5B fE 4-AD TAEF AT AL BRI COZRANKER, MBI A R, HC-1,242
BLA P Ak . KSH A5 a4 & &, 23 KshB122-MBP-KshA395, MBP-KshB122-MBP-KshA395, MBP-
KshB122-KshA395, ZEL 4-AD AT #A A AL b C-94x B A WAF R, B #A45 T A C-1,242 B A4 A ; = KshB122-
KshA3954X & M th C-1,2 2B AR, A A A A i) 2 G B rE e ¥ KSH T AR &1z
BAEWBILA AR, LA COe A AN, B AC-1, 24 MA, FREGBFHFZBIRIT.

XA 3-G R -9a-F X B C-1,24 B A ;COE A 4B -3,17-=87;3-24-9,10-87 & i
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Dehydrogenation at C-1,2 and Hydroxylation at C-9 by 3-Ketosteroid-9a-hydroxylase

LYU Degiang' MA Qiangian' HU Qing' DONG Xinlin' HE Jianxin'
SU Zhengding' SONG Shikui®

(1. School of Biological Engineering and Food, Hubei University of Technology, Wuhan 430068, China; 2. School of
Life Sciences, Xinjiang Normal University, Urumqi 830017, China)

Abstract: [Objective] The aim of the study is to verify the roles of 3-ketosteroid-9a -hydroxylase (KSH) from
Mycobacterium neoaurum NRRL B-3805 in hydroxylation at C-9 and dehydrogenation at C-1,2. [Method] The
oxygenase component kshA4395 and the reductase component kshB122 from ksh were heterologously expressed in
Escherichia coli (E. coli) BL21(DE3) respectively. With 4-androstene-3, 17-dione (4-AD) as substrate, the
enzyme-catalyzed reactions were carried out with KshA395, KshB122, and mixture of KshA395 and KshB122 in a
ratio of 1: 1. Furthermore, the reaction system was optimized, and fusion plasmids such as pET28a-kshB-kshA were
constructed for co-expression of the two-component enzyme of KSH. In addition, the enzyme-catalyzed reaction was
performed with 4-AD as the substrate. [Result] Both KshA395 and KshB122 showed dehydrogenation on 4-AD, and
the product was 1,4-androstene-3, 17-dione (ADD), with no hydroxylation. The two-component enzyme of KSH,
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which was mixed in a ratio of 1! 1, showed strong hydroxylation at C-9 in phase 1 of the reaction. In phase 2,
hydroxylation was shut down, and dehydrogenation at C-1,2 of 4-AD was turned on. The fusion proteins of KSH, such
as KshB122-MBP-KshA395, MBP-KshB122-MBP-KshA395, and MBP-KshB122-KshA395, showed hydroxylation
at C-9 in phase 1 and dehydrogenation at C-1,2 in phase 2 of the reaction. Nevertheless, KshB122-KshA395 showed
only dehydrogenation at C-1,2 and no hydroxylation. [Conclusion] In the sterol degradation pathway, KSH can play a
role in both hydroxylation and dehydrogenation. It first plays a role in hydroxylation at C-9 and then dehydrogenation
at C-1,2, which leads to the degradation of the ring-B in steroids.

Keywords: 3-ketosteroid-9a -hydroxylase; dehydrogenation at C-1,2; hydroxylation at C-9; 4-androstene-3,17-

dione; 3-hydroxy-9,10-seconandrost-1,3,5(10)-triene-9,17-dione
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TR IE , W) kshA395 Al kshB122 3% 3% 3% i ki I &
N KA AT Rk o B A8 1 BV ) & BT
ZARRAGHE A R TR A RO AR,
] KSH # 4 & A {1k 4-AD, [A i LU b ADD iy
X R AW P ) R S AR AE 3-HSA. WA AE R
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1.1 EREF B
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Table 1  Strains and plasmids
B R /R Ei g Fe U5

[ERzS E. coli BL21(DE3) FH TS BT 7 g I R0k E 5 Pt 75 S 56 =
pET28a-kshA395 #5417 kshA395 [ pET28a Jii Fi VE 2 Pt #5 S 56 =
pET28a-kshB122 1 kshB122 1) pET28a Jii fi 3 BT AE S 36 =
pET28a-MBP-kshA395 #5745 MBP-kshA395 [f) pET28a Jif ki E 5 Pt 75 S 50 =

o pET28a-MBP-kshB122 #5415 MBP-kshB122 [f] pET28a Jii 4L 2 i S 0 =
Pk pET28a-MBP-kshB122-MBP-kshA395 %15 MBP-kshB122-MBP-kshA395 (1] pET28a Jiii ki 4 BT e S =
pET28a-MBP-kshB122-KkshA395 #5745 MBP-kshB122-kshA395 1) pET28a Jift ki E 5 it #E S 50 =
pET28a-kshB122-MBP-kshA395 547 kshB122-MBP-kshA395 (Y] pET28a Jif i VE 25 Pt #5512 56 =
pET28a-kshB122-kshA395 545 kshB122-kshA395 [f] pET28a JFi i 1B FTAE SE B %
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BE(PMS) . H R AL AR A A RIBHE =R
Tris-HCl: | 22 5ok AR AL BB 0 A R A+ o
13 NHFE5EF

T 3 V% M B0 HL : Sorvall LYNX 6000 %4, 56
Thermo Fisher B} £ 24 7@ 5 & 3 & # B0 HL : Microl7
Y, 2 [E Thermo Fisher B} A & s & 70 Y 1T -
NanoDrop 2000¢ % , 3% [ Thermo Fisher £} 57 A 7] ;
PCR 3 [K] 7 #8 1 : Veriti™ 96-Well %! , 35 [ Thermo
Fisher £} £ 24 7] s #% B2 %5 41k M1 {X : ChemiDoc XRS
A, 9L [ Bio-Rad /A 7] s DNA H KA : JY300C &, 4t
HHBEARTTHEIKK&ARA A H RS 5
DH3600B 1A, X 3 2 7 e A 25 A BR & 7l s A2 4 2
2 fH : HR40-IIA2 M, 35 8 g ;R It A IR & Al 5
~80 °C ## ik i ¥K #§ : TSE600V % , 35 [ Thermo
Fisher B} 4 A 7] ; -20 °CAK & VK # : DW-YL270 &,
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OHAUS B!, B K& e BHE C LI F R A A 5 = 2%

& IO M AT i B 4% - TSQ Quantis ™ Plus Y, 5&
Thermo Fisher £} £ A & 5 #% Wi 3£ 4=k 2 #7141 :
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1.4 EHRNAIE

M HT 4 5 AT B NRRL B-3805 1 42 B 3 [
518 kshA395 1 kshB122 315 1 B . SR )5 A
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Fak , Wil Rl-E PCR 514, R F 8 A4k 19 A [F) B 1) A
RUKEIX 2 AN R B OE 2 B pET28a-MBP i FiL 1,
I AE A G B o N AZ BE AR 45 & AL 5 SD R A .
A 1 78 1 B A R K E A K AT R 0% A iR —
Mo fS 3 DR R A PR A = HEAT 00 o
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e

W W R 1) 3R 0 R 8 I ROE R R E. coli
BL21(DE3) 1, 88 J& ¥ 8 40 K W #F B 76 37 °CHR IR
15 9% B W ODgoo 1 N 0.6, 44 15 £ I 2 18 °C, I i
B 0.4 mmol/L () IPTG ¥ 5 R & . 4 A1 6. 10,
22 h BRI EE 1R Y » 31 B 50 mmol/L ) Tris-HC1 2%
MR (pH 7.0 B &, 5 R4 5 AL 2 /5 - 12 000 r/min
B90 30 min, 73 3 Ei5 W% 5 Vi€, >k M SDS-PAGE
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fi F Ni-NTA 44 .72 5§ KshA395 J KshB122 i3
T, B ER TR A s VAR 9 RE R 27
PN - 22 0 A (25 mmol/L Tris, 50 mmol/L NaCl,
10 mmol/L WK M , 5 mmol/L f- %% & 2 B ) Fl 2% #p
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M, 5 mmol/L f-3i 3k 2. 1) . B AR N D 5 4%
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Tris-HC1 2% #f ¥ (pH 7.0) 100 umol [ NADH #1 20
ng B, R A A R R 1) 250 umol/L 1) 4-AD
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JE IR W 2 B e=6.22 L/(mol-cm) .
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Table 2 Enzyme activities of KSH and its fusion proteins

KSH K H & % A fiff 1% 1:/(U/mg)
KshA395 53.3+8.8
KshB122 76.8+6.5
MBP-KshA395 49.9+6.5
MBP-KshB122 69.8+9.3
MBP-KshB122-MBP-KshA395 74.1%8.1
MBP-KshB122-KshA395 48.5+5.8
KshB122-MBP-KshA395 64.6+7.7
KshB122-KshA395 57.6£7.9
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