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ABSTRACT Objective: To construct a heterologous expression system of 33-hydroxy steroid dehydrogenase, and to further explore
its enzymatic properties. Methods: The 3B-hydroxy steroid gene derived from Mycobacterium neoaurum strain was cloned by molecular
biology method. The recombinant plasmid was constructed and the product of enzyme reaction system was detected by HPLC. Results:
The expression vector pet28a-hsd was constructed in this study. The optimal expression temperature of 38-HSD was 16 'C ~ 25 C, and
the protein was expressed as inclusion body at 37 “C. In addition, the expression of different IPTG concentrations at the same temperature
was not very different. The results showed that the enzyme activity was higher at 30 C in the 33-HSD enzyme reaction system, pH was
between 7.5 and 9.0, the enzyme activity was stronger, the pH was lower than 7.0, the activity of the enzyme was decreased, Fe** and Cu**
have an inhibitory effect on the enzyme reaction. Conclusion: This study explores the related properties of 3B-hydroxy steroid
dehydrogenase in mycobacteria and provides a basis for further study of the function of the enzyme in steroid metabolism.
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1.1 Pk

LIS TR PR IET Mycobacterium neoaurum, 2533 H 4716 1€
FRIFIAE T B KL 005 %1% MN-OT; 417 DNA St
R & B T At AR A AL B2 B Super-Fidelity DNA
Polymerase 14 ] F 54 5 iEMESE A )/ 7] ; HiPure Gel Pure DNA
Mini Kit [t § T4t I Magen /3 7 ; Rapid T4 DNA ligase I § T
IER S R AT E.coli DH5a 22541 . BL21 (ED3)JEk
ZASHHE  Pet-28a BRI H T 2424 A PCR AU 3 T
3% E GE /A 7] ;NanoDrop 4 § F 3¢ E Thermo fisher 2% & ;
HPLC #4013 Tb il /A R A F .

1.2 FHik

1.2.1 MN-OI E#RREF R EEFH DNA fRE  HUAR K
T 20 %H MR 100 L, $EFTE7 30 mL ffF B R L0
(FEREIZ NS 1.0 %, BEFR 2 80 0.5 %, H il 1.0 %, #i4ik% 0.5
%, iEIRAN 0.5 %, LK BREREE 0.025 %)) 100 mL 4 H, 37
CREGESE 42~48 h, Ki3aA%8 200-220 rpm, /E0FH iR i
FHANTE DNA 2B SR UL FE 4] DNA,

12.2 3B-hsd BEEMITE  EiT GeneBank ¥ iff #7 4 73 BT
B 3B-hsd FEFR P F 020w H 193EF 4Kk 1101 bp, LUZSF
B AREAGE 1T premier 5 BABETE 49, FESIA EcoRL Al Xhol
FEYIr 5 (AnFR 1), IFRBRAIE %S T, LIJENZH DNA S
i, 3BT PCR ik, 94 3B-hsd 3L,

F 1 PCR 5|
Table 1 PCR primer

primer sequence (5'-3") restriction endounclease sites
MN-HSDF CCGGAATTCATGGGTGACCCAACTT EcoR1
MN-HSDR CCGCTCGAGGCTCTTCGGTGCTGCG Xhol

PCR R W45, a3 #EE H ik 23 B DNA , HiPure Gel Pure
DNA Mini Kit [alii H i 3EH
1.2.3 ¥JEEH N pet28a-hsd  # PCR1S31Y 38-hsd FalH
eIk Bk pet28a [] A AT 3UEFY) S ML, iz il Magen HiPure
Gel Pure DNA Mini Kit H9SEI0 5K 2, DS 5 R H 46
1k DNA. {if F§ Rapid T4 DNA ligase #4733 I , 14 #4551 &
2 Jik pet28a-hsd.,
124 RIZFRIOMWE K EAFRLIEA BL21 (DE3)&
ZAYNML, RISE R AR BHYEER AT, 6 LT TR A
BN, B R PR 5 A 58 AE o RIE I F IE A/ Y B TR bk | 2
T HEE M 3p-HSD Wi S35,
1.2.5 3-HSD WS FRIE  WEAFM PTG WE (O 0.1
mM, 0.5 mM, 1 mM), 28 G AN [ (9 LB 75 S i ) a6 47 2 it
(KEFE 4004 81 16 °C,10 h, 150 rpm;25 °C, 6 h,200 rpm;37
C,4 h,200 rpm), fJEIERL 9 P &, HlbRic
16-0.1,16-0.5,16-1;25-0.1,25-0.5,25-1;37-0.1,37-0.5,37-1, %
it 9 M, BB SR AE . EIEMUGE,
SDS-PAGE Jig , Wi5% H i R A 7E_LIE h KRk, iR
PR T B SRR, 4 °C,8000% g Z&fF R ES.L> 20 min, F |
L WETA, ([ AKTA Rgtaifb HiE M.
12.6 3p- REREBEHSEERME MHiASRALLER
A IR SV 285 . 3B-HSD T il 25 Sl FRMERR Az bt (5 —
i = 12220 R o S 8 2 A R I R VR S RN S, RN AR R £ 50
mM NAD+ 50 wL;50 mM DHEA 50 wL; 4lifb% 1 20 pL;PBS
S0P 880 pL, IRFTAEARIRE AN pH AN Y BhEH
ARG EETFHM T BREMEN A . S5 H HPLC £
W=, FEH SR N AL, DL R AN 100 %, 222 il AS[F]
T EA T R
127 GitE a4 RA SPSS 19.0 Gt Wik i 15w 43
M FEARSR I 8t BniEE Coos ) il ORI )7 00 G T2

25, P<0.05 PLWIALI 225 HAT 3 13 3
2 FR

2.1 3B-hsd HEP i ke
iE T PCR ik eS8 H B ZE ] 38-hsd WK 1, KF
1000 bp 2 BS54 , A7 6 H I LI R/ 1098 bp,

2000bp

1000bp

7150bp
S00bp

200bp
100bp

B 1 PCR 52153 36-hsd EE B
Fig.1 Clone the 38—hsd gene fragment by PCR method

2.2 3p-HSD WS FE

ARSI N B B) LA B AH B YRR 5 5 2 1 1R
FEHETFIRE A RIB 0 FAE RN 5514, B i iR 4, 43 5045
AW I DUEME IR A, 85T SDS-PAGE I, W] L)
BT B A i 5 45, © A H AR 1 I A
FK/NH 40.1 kD, i 45 R ME 2. B R A RS RM
R FIERE, BAEA SR 16 °C,37 T HAK
FETULES, R BT 2 AL, T IPTG ¥R X R 3R IA 1
S I
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Fig.2 38-HSD's Induced expression

Note: M represent protein marker,unit: kDa.(a)Bacterial protein profile after bacterial lysis;(b)protein profile of the supernatant solution after cleavage of

bacteria;(c)protein profile of the precipitate after cleavage of bacteria.

2.3 EH2H 3B-HSD MBS 4F1Em T Mycobacterium neoawrum 1§ RACH AR IR YR : HS B R

W WFFEARNREE pH B 4R B X5 38-HSD 16 PE 3 FRHk -5- Wb 3- Wi -4- I, AP SN Y AL 4 IR
fRSENE , & BRAE 30 "C Ik B & A BEIG M 78 pH 7.5~9.0 Z[A], [ B4 fL B (ChO ) I 3B- 2 A 2K i it flt U iy (3B-HSD) , kbt
PR 085058 AT 7.0 I, BRG] R R AT MLBDIA R DMSO A8 A BT, (8 BRI 0 TOLHRI AT IR A O

St it S N A A RIVE R 5 Fe® Al Cu® X i A IR HAET ZRm] = SR 25 2228 s Fp, REST T ChO 1Y
3 b SHREHRAAR Y 2T Doukyu N.A§ AP SHET T ChO Ky fhs
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Fig.3 Effects of temperature and pH on enzyme activity

Note: The X axis represents the reaction conditions and the Y axis represents the relative enzyme activity.
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Fig.4 Effects of Solvent and Metal lons on Enzyme Activity

Note: The X axis represents the reaction conditions and the Y axis represents the relative enzyme activity.

Data are expressed as S, n=3. *P<0.05 vs control group.

K, RER P ] 1 LA R RRAE , BTG 007 6 {EJ2 F AT, X4 3B-HSD
AIBFTEATISRANE FE 57, DI AS PRSI 3o 3 - PR ALK [ it = ity
S sEREMRIL , HE— P WFSE 3B-HSD HUFFE.

Kisiela M. % A % Bl 3B-HSD 77 1F NAD+ £5 4 {7 44,
SDR W5 W 51, #84 SDR K& AR ¥ 751 Gly-X-Gly- (X)
2-Gly- (X)10-Gly 2, Mycobacterium neoaurum 1 33-HSD
366 MR HEMALIN . Yang Xinxin 55 NTEAA43 T 38-HSD 2 H
A AR, =2l C3 ARl 2L RN, ISl
PR R A SR A TP S R R AL /SRR RN R )
AR S R

FIRTX 33-HSD 5 IR RN SR, A S0 D #y 2
T 3B-HSD iy 7 IR LIk R 4, 19 %3 1k R bk BL21 (DE3)
-pet28a-hsd, I ALAL TS RIBFAM, LI THAFRBHGRIK
| HMEN M AKTA R0 8 a0 E F i, T PRI HmE
PERT. RBUHAE 30 CA AR MR , pH 7.5~9.0 JEH A, PR 4¢
WESREEG , JFHAHLBNT DMSO X fih s A 41 i £, Fe**
I Cu? X il 52 AT I AR o T DA T 5 X I 25 )
3B-HSD =/ ks 5 25 P IRl AC R S, JFxbite— B
OIS AL A B RS MR BERER, Xoh i — 2D R T I
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3B-HSD X FARRYIAIME R, LA 2028 U0 5 0 i 9 5 44
2GyrpE A

2 % 3 #f(References)

[1] Thomas S T, Sampson N S. Mycobacterium tuberculosis utilizes a
unique heterotetrameric structure for dehydrogenation of the
cholesterol side chain[J]. Biochemistry, 2013, 52: 2895-2904

[2] Porcu P, Barron A M, Frye C A, et al. Neurosteroidogenesis Today:
Novel Targets for Neuroactive Steroid Synthesis and Action and
Their Relevance for Translational Research [J].
Neuroendocrinology, 2016, 28(2): 45-52

[3] LuY, Teng H L, Yang G Z, et al. Three New Steroidal Glycosides
from the Roots of Cynanchum auriculatum [J]. Molecules, 2011,16:

1901-1909

Journal of

[4] Bradford P G, Awad A B. Phytosterols as anticancer compounds [J].

Molecular Nutrition & Food Research, 2007, 51(2): 161-170

[S] Siebert N, Eger C, Seidel D, et al. Pharmacokinetics and
pharmacodynamics of ch14.18/CHO in relapsed/refractory high-risk
neuroblastoma patients treated by long-term infusion in combination
with TL-2[J]. mAbs, 2016, 8(3): 604-616

[6] Fiorucci S, Antonelli E, Morelli A. Mechanism of non-steroidal anti-
inflammatory drug-gastropathy[J]. Digest Live Dis, 2001, 33: 35-43

[7] Pollegioni L, Wels G, Pilone M S, et al. Kinetic mechanisms of
cholesterol oxidase from Streptomyces hygroscopicus and
Brevibacterium sterolicum[J]. Eur J Biochem, 1999, 264: 140-151

[8] Yao K, Wang F, Zhang H, et al. Identification and engineering of
cholesterol oxidases involved in the initial step of sterols catabolism
in Mycobacterium neoaurum [J]. Metabolic Engineering, 2013, 15:
75-87

[9] Bragin E Y, Shtratnikova V Y, Dovbnya D V, et al. Comparative
analysis of genes encoding key steroid core oxidation enzymes in
fast-growing Mycobacterium spp. strains [J]. Journal of Steroid
Biochemistry and Molecular Biology, 2013, 138: 41-53

[10] Shtratnikova V Y, Bragin E Y, Dovbnya D V, et al. Complete
Genome Sequence of Sterol-Transforming Mycobacterium neoaurum
Strain VKM Ac-1815D[J]. Genome Annoucements, 2014, 2(1): 1-2

[11] Chu B, Liao Y, Qi W, et al. Cholesterol Transport through
Lysosome-Peroxisome Membrane Contacts [J]. Cell, 2015, 161 (2):
291-306

[12] Av-Gay Y, Sobouti R. Cholesterol is accumulated by mycobacteria
but its degradation is limited to non-pathogenic fast-growing
mycobacteria[J]. Canadian Journal of Microbiology, 2000, 46: 826-831

[13] Uhi al, Galan B, Morales V, et al. Initial step in the catabolism of
cholesterol by Mycobacterium smegmatis mc2155[J]. Environmental
Microbiology, 2011, 13(4): 943-959

[14] Wang Q, Bottalico L, Mesaros C, et al. Analysis of estrogens and
androgens in postmenopausal serum and plasma by liquid
chromatography-mass spectrometry[J]. Steroids, 2015, 99: 76-83

[15] Faletrov Y, Brzostek A, Plocinska R, et al. Uptake and metabolism of
fluorescent steroids by mycobacterial cells[J]. Steroid, 2017

(T#& 225 77)



DREYESSHE  biomed.cnjournals.com  Progress in Modern Biomedicine Voll8 NO.2 JAN.2018

- 225 .

quercetin in mice abdominal cavity macrophage oxidative stress [J].
The magazine of Preventive medicine of the people's liberation army,
2007, 25(3): 160-163

[6] Oliveto JM, Muinov L. Cystic Cervicitis: A Case Report and Literature
Review of Cystic Cervical Lesions [J]. J Comput Assist Tomogr,
2016, 40(4): 564-566

[71 Mattson SK, Polk JP, Nyirjesy P. Chronic Cervicitis: Presenting
Features and Response to Therapy [J]. J Low Genit Tract Dis, 2016,
20(3): €30-33

[8] Yarbrough ML, Burnham CA. The ABCs of STIs: An Update on
Sexually Transmitted Infections[J]. Clin Chem, 2016, 62(6): 811-823

[91 Munoz JL, Goje OJ. Mycoplasma genitalium: An Emerging Sexually
Transmitted Infection[J]. Scientifica (Cairo), 2016, 2016: 7537318

[10] Kamladze PO, Mamamgavrishvili ID, Kintraia NP. Principles of the
immune modulation therapy against papilloma virus infections [J].
Georgian Med News, 2006, 139: 10-13

[11] Seiia AC, Bachmann LH, Hobbs MM. Persistent and recurrent
Trichomonas vaginalis infections: epidemiology, treatment and
management considerations[J]. Expert Rev Anti Infect Ther, 2014,12
(6): 673-685

[12] Lin C, Huang F, Zhang YJ, et al. Roles of MiR-101 and its target
gene Cox-2 in early diagnosis of cervical cancer in Uygur women[J].
Asian Pac J Cancer Prev, 2014, 15(1): 45-48

[13] Lin J, Zhang P, Pang L, et al. Expression and clinical significance of

Dyrk1b in the specimens and cells of cervical lesions[J]. Zhonghua Fu

Chan Ke Za Zhi, 2016, 51(1): 40-45

[14] Shen XH, Liu SH. Human papillomavirus genotypes associated with
mucopurulent cervicitis and cervical cancer in Hangzhou, China [J].
Asian Pac J Cancer Prev, 2013, 14(6): 3603-3606

[15] Mirzaie-Kashani E, Bouzari M, Talebi A, et al. Detection of human
papillomavirus in chronic cervicitis, cervical adenocarcinoma,
intraepithelial neoplasia and squamus cell carcinoma [J]. Jundishapur
J Microbiol, 2014, 7(5): €9930

[16] Jing Z, Wang Z, Li X, et al. Protective Effect of Quercetin on
Posttraumatic Cardiac Injury[J]. Sci Rep, 2016, 29(6): 30812

[17] Dehon PM, Hagensee ME, Sutton KJ, Oddo HE, Nelson N, McGowin
CL. Histological Evidence of Chronic Mycoplasma genitalium-
Induced Cervicitis in HIV-Infected Women: A Retrospective Cohort
Study[7]. J Infect Dis, 2016, 213(11): 1828-1835

[18] Lee M, McGeer EG, McGeer PL. Quercetin, not caffeine, is a major
neuroprotective component in coffee [J]. Neurobiol Aging, 2016, 5
(46): 113-123

[19] Kanazawa LK, Vecchia DD, Wendler EM, Quercetin reduces manic-
like behavior and brain oxidative stress induced by paradoxical sleep
deprivation in mice[J]. Free Radic Biol Med, 2016, 28(99): 79-86

[20] E4, %) 4R Ak, B0, M B AR 3 ) AL 8 5 S [T].
A 5,2013, 34(15): 256-258
Wang Min, Liu Bao-lin, Guo Xu-dan. Quercetin and its metabolites
inhibiting oxidative stress and inflammation [J]. J food science, 2013,

34 (15): 256-258

(#5204 TT)

[16] & wizdor A, Panek A, Milecka-Tronina N. Biohydroxylation of
7-o0xo-DHEA, a natural metabolite of DHEA, resulting in formation
of new metabolites of potential pharmaceutical interest [J]. Chemical
Biology & Drug Design, 2016, 88(6): 844-849

[17] Jang M, Cai L, Udeani G O, et al. Cancer chemopreventive activity of
resveratrol, a natural product derived from grapes [J]. Science, 1997,
275:218-220

[18] MacLachlan J, Wotherspoon A T, Ansell R O, et al. Cholesterol
oxidase: sources, physical properties and analytical applications [J].
Journal of Steroid Biochemistry and Molecular Biology, 2000, 72(5):
169-195

[19] Fernandez De Las Heras L, van der Geize R, Drzyzga O, et al.
Molecular characterization of three 3-ketosteroid-a 1-dehydrogenase
isoenzymes of Rhodococcus ruber strain Chol-4[J]. Journal of Steroid
Biochemistry and Molecular Biology, 2012, 132(3): 271-281

[20] Liu W H, Sheu M, Meng M. Deletion of the gene encoding the
reductase component of 3-ketosteroid 9alpha- hydroxylase in
Rhodococcus equi USA-18 disrupts sterol catabolism, leading to the
accumulation of 3-0x0-23,24-bisnorchola-1,4-diene-22-oic acid and
1,4- androstadiene-3,17-dione [J]. Microbial Cell Factories, 2014, 13:
130-137

[21] Chen M, Wang F, Lin L, et al. Characterization and application of

fusidane  antibiotic =~ biosynethsis ~ enzyme  3-ketosteroid-?
1-dehydrogenase in steroid transformation [J]. Applied Microbiology
and Biotechnology, 2012, 96(1): 133-142

[22] Vilhardt F, Van D B. The phagocyte NADPH oxidase depends on
cholesterol-enriched membrane microdomains for assembly [J]. The
Embo Journal, 2004, 23: 739-748

[23] Bokoch M P, Devadoss A, Palencsar M S, et al. Steady-state
oxidation of cholesterol catalyzed by cholesterol oxidase in lipid
bilayer membranes on platinum electrodes [J]. Analytica Chimica
Acta, 2004, 519: 47-55

[24] Vaikousi H, Lazaridou A, Biliaderis C G, et al. Phase Transitions,
Solubility,
Phytosterol Oil Blends [J].

Chemistry, 2007, 55(5): 1790-1798

and Crystallization Kinetics of Phytosterols and

Journal of Agricultural and Food

[25] Doukyu N. Characteristics and biotechnological applications of
microbial cholesterol oxidases [J]. Appl Microbiol Biotechnol, 2009,
83: 825-837

[26] Kisiela M, Skarka A, Ebert B, et al. Hydroxysteroid dehydrogenases
(HSDs) in bacteria A bioinformatic perspective [J]. The Journal of
Steroid Biochemistry and Molecular Biology, 2012, 129: 31-46

[27] Xinxin Yang, Eugenie Dubnau, Issar Smith, et al. Rvl1106¢ from
Mycobacterium tuberculosis is a 3b-hydroxysteroid dehydrogenase[J].

Biochemistry, 2007, 46: 9058-9067



