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Abstract

Vitamin D3 hydroxylase (Vdh) is one of the vital enzymes in the biosynthesis of 25(0OH)VD3; and
1a,25(0H).VDs. However, little is known about the natural substrates of Vdh so far, which limits
its industrial application. Therefore, in order to improve the commercial value of Vdh and to
deeply explore the application potential of Vdh, it is necessary to find the best substrate for Vdh
and to explore the mechanism of Vdh-substrate interaction. This study is based on the VD3-Vdh
binding model, using molecular docking technology to screen the ZINC compound database, com-
bining scoring, property screening, and generalized Berne surface area method (MM/GBSA) to
calculate the binding free energy. Finally, 4 small molecules are selected for the analysis of expe-
rimental verification. The experimental results were consistent with the screening results, four
compounds from ZINC have the potential to be hydroxylated by Vdh, and van der Waals forces
were the main driving force for the binding of Vdh to small molecules. The screening of Vdh sub-
strate spectrum was completed in this study. It was speculated that Vdh was a potential biocata-
lyst for the production of steroids. Our study provides new ideas for the biosynthesis of steroid
drugs and a theoretical basis for a deeper understanding of Vdh.
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1. 518

M FRB T R o B8 B 4E 4 3R D F2ALBE(Vdh) & —Fh i (2 P450 B (CYP107BR1), HE¥F
VD, A N HAEFE M, B 25(0H)VD; 57 10,25(0H),VDs [1]. W5t B, Vdh ] LL% VD #E T 7 4E
AL, BB — Y] RY VD3 240 N 25(0OH)VD3, 5 LA 25(0H) VD3 MY, it — 5 e N A % 10,25(0H), VD3
Vdh ORI, BEREMZERESE TR ki Dh Rk [2], eifEfig, AR, iR —
B, 2 HATRCEY AL VD, i MR R, Cazdis Tk B, AR KHRELANE. 2 VD,
FHAE Vdh FRIRIEY), Vdh XS HEATE 71 JEA G, BIERT Vdh s AR 242 = Vdh fEA 2K
BRI —FPoRNG . VD JB TR MEIEE, KERE AR SRR, FEH 1A AIcHM 3 Ao A K,
VA S A BB ER . BT, DLRREIRE N ERE R0 2 A, RO TR R
R B v i — 2525 5, AR B 100 JImi[3]. k22 B W 5 H B A W R S B Th R, T
TENPLS . PR BBz, WrlfE ARG R R AR5 [4] [5] [6]. H4h, fETRIFIG
JTYFZ M ER, WHRAE. JERBRE. BEIRIG. BRI MEIRTTA . BN . BRI AR, B T R
o3 S5 77 THD S Wt R 4 R LA o PR A 0 288 [ 2 28 [ i R PP E I L B a0, St ARz
TSI AH L, 2 11 288 ] o 5 R I o B (2B V(7] ERAR H BT K RIS AR A3 B8
[, AR 0N UK TETE R0 288 [ B Tl 2k B B AR A7), A= H B SR G vR 7 T R B R
F[FH
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Wi %

KEFIH 12 (Virtual Screening, VS) & & BT ALH ARG RE R (P70 5 bR, CAZGWpi vt BI85 a, A
WAV T HHE 18 T 5188 2R S B B R . 12050 DR R SR ae 2t b, 3R
BT B A R FN R . BB T3em Vdh BRI VG, PRACSCISERIER) TAERE, WEKRERENAE. H
BT CE RN T2 RIMMSER TR, R&ERAM A DA DI —THEA 8], BARIIFERACEH
FARE, B H AR ER5E Vdn YIS T SO LR = o ARHF 7T LR B8 Vdh RPN B 1, FIH
TR, BT EE RIIRE AR TE, FERET Vdh EEER R IR .

2. MR 55%
2.1 o8

4 pET28a-Vdh ik BRI K AT # BL21 (DE3)WH K 1 S2 56 S M@ 3. KA R (KAN). 7~
IKE ALk (FeCls-6H,0) 7 P FE-B-D-BAC K FUBEE (IPTG) R 6-1 % 7 7 ¥ (G6P) W E Solarbio /A« 5-%
B ZBNTR (5-ALA) T Ak S B (FdX) ANk 2048 B 1 J il (Fdr) 481 267 4 i 0B (GDH) 348 J5 7R AR
Jiée JERPEE A — A% BR AR (NADPH) X0 ) Sigma 23 ] . LB 15 97 0 [ 75 & v BHE Tl el i 2B M o R AT PR
A SDS-PAGE 78 1 T 4 Bt i gt i RO il 2 AR & . BR VT Marker. &bt HEESSEHIWH A T
AV TRE(EE) ARG R AT, B-FOHIFE (PMBCD) I [ [ 25 (i) E PR EE 25 PA AR A

2.2. EBRIFESFIA

200 = AR AL H AR pET28a-Vdh F K AT B BL21 (DE3)iR AR 7E 2 A 50 pg/mL RAPE ZH 1
LB Biflahs 7tk b, 37T°CEFFEA. M LB BEfigHs s FREALPRE A e % B 7 A2 &4 50 pg/mL R
%, 0.475 mM FeCl3-6H,0, 0.5 mM 5-ALA [#] LB i fARs 775, 37 CHi 77 2 B OD600 = 0.6. ¥l 0.5
mM 535 IPTG, 37°CAF F4raids5% 6 h, RININE S AR ABIPEX R . 4000 xg &0 10 min, 2% 1
. WEERARDTE. 1 PBS (PH7.4)E T ATie EA, TEOK Ll B S B A B B . B0 )5 49
S _EEAIOE, DTEMH 8 M JRE, 50 mM Tris HCI, 300 mM NaCl (pH 8.0)#HTiA i, L&~
SEHAH A o

2.3. BEiERER

M PDB %4 P b R 4% Vdh B 5 VD3 IR S 4454 (PDB ID: 3A50) [9], VAL &4 45 H s it
1T REMIRIL . AR 1EH] PyMol R B [RR — SRR 1 A B, JF73 I 0R1F Vdh EEAM VDs IZ5H . {EH]
Chimera X} 8 F#EATALEE[10], RORE A BEIRAb B RIEEH, KK 7, BRINEUE T, TR AN
FIEMAT AL, K EEH 3 AutoDock 4.2 Bffrr, &IFAEMMEE, HaRA7 . pdbat #5 i SC
GR-IE

24. INGFERES

UL VD3 A5 REAAE ZINC FEHREAT i , B 5 F OpenBabel 2444 . sdf 5 45 4.mol2 4% X [11].
BEE NN TS W T AL B . ChemBio3D Ultra13.0 H1ff) calculations-MM2 minimize #E4T 55—k At &
/M, 55 FHEFH calculations-GAMESS interfere-minimize (Energy/Geometry)i#t 47 fg & & /Mb, 1R17RE
B/ IMUEER N, BRI ISR /N 73 A B pdbat % sSCHREAT T — 2D R AE

25. GFRHE
il 1 s, OB E L VD AL, PSR 5.0 A MEEE, &N S
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BRI, EIURRERK, ABEARIEX 45 RHERTE. HEET X y, 2z KNl 60 A x 48 A x 66 A,
Wi BN 3.837, —18.67, —34.066, Spacing ¥ B AERINE 0.375. AF F AR UK /N o0 42 2 B Y
L. SR U =K AT, G RE R A BT N T T I — 2. 4G
K, RN THEARSER S .

LEU-387

PRO-287

Figure 1. Amino acids at 5.0 A near VD;
B 1. VD; M 5.0 A YR &R

2.6. HFENHEF

St bl FAPIR, Bhik G R 16 NN FET 4 T B A . /N FAE GaussView 5.0
et[12], 1A B3LYP/6-31G (d, p)RiHATiHH RESP Hifar & AC A B HLAHE S

ML FE 2 TE AMBER14 Hib4T[13]. fHF tleap HEiHRZAEE AFNEL ff14SB J137[14] [15],
antechamber B L5 /N IN#k gaff v237[16]. KA B/REFIMEA TIPIP [17], WG T A% S E AR
RITIEEE A 10 A TEARRININ 24 ANMNE TR R 2P EIAEE. 55 42 U AR AN i b
SCRERIALBR ST o

FTENIIF A e ER /ML, n#, P, FIEh I E AN SRR, AR TR SHAKE 532
233[18], H PME (partical mesh ewald) /7240 FEAESEAH BLAEHI[19]. REE SR /M ISR 58K, &1
17 2500 B IHHE . S —IRAERE I/ MU 1000 25 18 e R BRI, 1500 25 R0 Ak R K 2
MEFRHMTREE R/ ML, AREAM. B REEAME RIEAT T 2500 R H/ME, #1000 A% H
BBE R, 5 1500 A5 18 F L P .

fn#had #2 R H H2 A% B H (Langevin)fE R #5321, AR R IR 0 k In#A] 300 k, FHAT 60 ps. Bl 5 7E
TEIR AR (NPT) R 25 FHEAT 50,000 5, 100 ps FIZE A% e A% 8 A B A 1 ik 21— AN KUK (L atm), FRK
XA R AT 250,000 A HIRAL[20]0 55 A 1T BRI T AR F R BT S AR I i, KT S B R
7£ 300 k IR FE N, ARFEA EAE F AR A28 10 A [19], #4777 100 ns ELI R HI5h 1124 B

i H Amber BT IFEE A S/ E2EY0) RMSD.

27. FEEHEETE
Hou & NBFFURIIFE TSR A5 - /N TR AR RINGE B HRER, | UARRIAE(MM/GBSA)
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T T T30k - 3R 242 R TH A% (Molecular Mechanics/Poisson-Boltzmann Surface Area, MM/PBSA)
JHEFEINER[21], BIEASCRA MMIGBSA JiERR T/ 15 Vdh g5 &5 0L X T/ 5 vdh &
FRIIE GEEH, ATRH MM/GBSA THE 254G HlEE. 456 B HHAe T LA e an T+ A1) F R
~AR(1)
AG = AG i — AG AG g "
=AG,, +AG,, +AGgg +AGg,

HH, AGeomplex TREZ EW, AGrecepror RIS, AGjigang RIRHCAE o« B — T BE(G) HH 73T 712 (Gwm)
A FI RN (Gsol) I FB 73 4H AL, Bl G = Gum + Gsoir 1707 112 (Gpm) 55 T TEAE A H BE (Evaw) P FEL
1EFH BE(Gere) I (Gomm = Evaw + Gele)s WA TR (Goor) 55 T AR MV 51K I B 8 (Gor) FNAERR 14 774K H Hi
AE(Gsa) I F(Gsol = G + Gsa) o

2.8. RS RIIE

¥ 16 MEA AL 4 A, RJa Nk 4 DN TEME ST HEALEGE . 2R 1 ICE R
AR BN FR . 7E 30°C R NADPH JEZ) M. 48 h J&, 1F1ERM, I LRR CRRZEEUR SR & U5 i
Fe7& ka4, MR GIE(TLC) Mkt T RiiE,  FEITFION R & F b = 1:10.

complex receptor

Table 1. Catalytic reaction system

=1 EUREER

Components Concentration
vdh 2 uM
Substrate molecules 10 mM
NADPH 200 uM
GDH 1U
Tris-HCI, pH 7.5 50 mM
NaCl 100 mM
PMBCD 0.05%, wiv
Fdx 100 pg/mL
Fdr 0.1 U/mL

3. &R5iT1ie
3.1. METHE

H VDg B 44 /Nr A & FE ZINCLS Hhi SR E A&, S 243815 176 Mgk &4 - I A RDKits
Xt 176 AN TREATEE R 00 H AT L1 VD, (7> 78 384.63, logP Ay 7.6, ft2ik% 1, 3%
PIECEN 3 A S BTl M Zine 4 BTk (A6 &5 VDo B & B FARRME, K &H = A/t
HI—AFH, HEEH—FMEEEA, REEREREYR, RN FRAFAE R E R RE A 5 1)
AREME. S4h, A5E B 2 JE 3 AT LUR BT IR B AL A P BAG T B 540 A VDs AL, itk
Vdh 1] 58 H A A B
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Figure 2. Statistical distribution of relative molecular masses of compounds
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Figure 3. Statistical distribution of physicochemical properties of compounds

3. WEMMYBELE M RIS 2

3.2. MFEER

N — B IUE R D HER L, AT R A SR T N T VD RN, 5 AL BR I (¥ B 1 S AART
¥, WEREWNEHSESIELG, RMSD=0.538<2.0A, UilASZI S M3, M
FE(E 4)o BN TS Vdh BIETERT s AT 6 B, XSS A REUIK, TN T 5SS A . 1218
XHEAF Sy, SHETERRY /N FHATHET, PO XHERE R K 16 NN F T RAE (R 2). X8/ T
X B4 & e/ T Vdh 5 VD (545 & fE(—7.80 keal/mol), #iHAIX 16 AN/ il 5 Vdh fa5E

= AN
4.
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Figure 4. The result of docking of Vdh with VD3. The green small molecules
in the figure indicate the conformation of VD3 after docking; the blue color
indicates the conformation of VVDj in the original crystal

4.Vdh 5 VD, 3H2ER . BEhRE /NS FRANER VD, FE; I
BRRE&EEF VD, iR

Table 2. Docking energy and binding free energy of VVdh and small molecules
7= 2. vdh 5/ FROT B RE NS & B ke

Name Energy score (kcal/mol)  Binding Energy (kcal/mol)

VD3 -7.80 —-42.5313
ZINC000002090692 -7.88 —47.8254
ZINC000248240125 —8.04 —52.8194
ZINC000248240127 —8.37 -56.0777
ZINC000252462409 -8.23 —52.5744
ZINC000253497611 —-8.04 —51.2147
ZINC000257349893 -9.28 -48.3397
ZINC000257350112 -8.06 -55.3837
ZINC000036371233 -8.27 —48.3369
ZINC000257349628 -8.15 —-84.7702
ZINC000257357010 -8.87 —47.6784
ZINC000257357012 -7.97 —39.3887
ZINC000257357013 —8.49 —40.1227
ZINC000003825930 —9.00 —43.0325
ZINC000169317022 -9.20 —49.9831
ZINC000038791845 -8.50 -52.6700
ZINC000033820630 -8.60 -36.6106

33. FFHHOFER

i ke R R/ME, A, PG ANEN fsAEI 2 JE . TN T & VDs 5 Vdh
HIfE, 456 HHREl/DN, RYIZASIARSRM IS, R ZIRR[22]. RATETR 16
AN

+ +
siamssa

NN TS

Bt BEARS IR VDS HBL, B A H VD A A 456 B HBEFT 70 (K 2). K 16 ML YL
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Ay 4 H, e Nzt 4 AN 5 3EATIE— 2 )20 Vdh 5 VD 9456 H Hfé Jy—42.5313 keal/mol,
ek i) /N 4> F ZINC000248240127 —-56.0776 kcal/mol, ZINC000252462409 ~—55.387 kcal/mol,
ZINC000253497611 —51.2147 kcal/mol, ZINC000257349893 y—48.3397 kcal/mol, &5 H HIRESMET
Vdh, UK RN FEAE T RES Vdh KA R, X Ul B B 20 % W T FE A 4 A — E ] &E
PE A4 TR N 75 Vdh 25 SRR 1 JatE e ) MR A FIE AR T &N T g &,
WHEBEFIAE R AR TN 75 Vdh 19855 (G 3). SEieg BiER, 78 vdh 50Tk R, Juflsg
D3R FEFEM, Arae SIEVE O Bl ER I AL R 0 M184, V283, P287, L387 ST LB K IAEE
HX.

Table 3. Calculation results of each energy term of MM/GBSA of the composite system of VVdh and small molecules

5% 3. E4KAN MM/GBSA REEBTIRITESER

i JurEtE 7 FrE AR WHRAER R I E A
Name eamst (kcal/mol) (kcal/mol) (kcal/mol) (kcal/mol)
n._~
ZINC000248240127 i ~61.8503 1.9303 10.3824 -6.5398
e Aol
[~
ZINC000252462409 e J< / -60.3752 21143 16.0291 ~-6.1140
i \7_\
> —
S e
ZINC000253497611 0 -56.1539 1.0019 8.4986 55613
T
<
et
SN { ‘
ZINC000257349893 YUY ~55.3001 ~0.4856 13.2185 -5.7725
e N
™
e
Ch
VD, ) —48.3288 ~3.8471 15.8063 ~6.1617

RMSD it H TR E AR - Ny FEEDRIA AT E . WE 5 iAW, TUANNFF1)
RMSD H:AfREEFRE, 1 30 ns WL TR ), ZJeiARgERifa . T Vdh-VD 16 &, WIIR B2
30 ns [ sh1E N 1.8 A, ZINC000248240127 ¥4k47 B %5 30ns [ Zh{E A 1.75 A, ZINC000253497611 %]
G4 B 2 30 ns MIUREN{E N 2.5 A, ZINC000257349893 #1447 & % 30 ns (I ENE N 2.2 A. i, Vdh
FIWCSE N 2.0 A, ZINC000248240127 1y 1.5 A, ZINC000252462409 A 2.0 A, ZINC000253497611 Jy 2.0
A, ZINC000257349893 4 2.0 A, 8] ZINC000252462409 5 Vdh 45 & ERaE, S50 BEEA—
Ho WANT5H vdh 4565 Vdh-VD3 A EAEFH RFIECRIE—S0  wi B PUAS N 70 B R R R

G5 VD3 A,
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Figure 5. RMSD results in molecular dynamics. A: ZINC000248240127; B: ZINC000252462409;
C: ZINC000253497611; D: ZINC000257349893

5. 9FEhH1FH RMSD £, A: ZINC000248240127; B: ZINC000252462409; C:
ZINC000253497611; D: ZINC000257349893

3.4. vdh EBRIA R kL RIEE

Xt & EARIEEAR R K AT BL21 /5 0.5 mM IPTG 7£ 37°C %S 6 AN/, UK i
Mag-Beads His-Tag & [ 4l {b i Fk kAT 464k . 18 SDS-PAGE %5 H 2K 4. SDS-PAGE 45 5 &7~ 78 H i)
B R/ YA B S 4% 7 (45 kDa) (1] 6).

T I TLC XA =P, i 1] 7 mr 2, DA R BEARAE b 5 R S A ASTE [ — AN H
YA R TR N . Horh 454 e ZINC000248240127 /Nr T4 R BL T A=W s, BT R
AT A ARFESL S A, 454 IE 2 ZINC000257349893 = B 1 IR, LR A,
WA 7454 B RAEIK. B Vdh v DU SNy, kD UE IR FH R UL 4 T s L

AR I HERATE .
M BacteriaSediment S FT 20mM 60mM 300mM

150kDa = % - -

100kDa
70kDa s
50kDa ‘ | - - M: Mareker
40kDa Bacteria: Complete Bacteria
35kDa f Sediment: Bacterial sedimentation

Vdh (45 kDa) S:Supernatant
25kDa . FT: Folw thrugut fluid
20kDa 20mM:20mM Imidazole
' 60mM:20mM Imidazole
300mM:300mM Imidazole

15kDa ’ .

Vdh

Figure 6. Vdh protein SDS-PAGE electrophoresis results
6. Vdh Z A SDS-PAGE B4R
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@ (b) © (d)

Figure 7. Thin layer chromatography of the results of VVdh-catalyzed small molecule reactions. (a):
ZINCO000257349893; (b): ZINC000252462409; (c): ZINC000253497611; (d): ZINC000248240127

& 7. vdh 4L F R MR AER BT (a) : ZINC000257349893; (b) : ZINC000252462409;
(c): ZINC000253497611; (d): ZINC000248240127

4. WREEEH

ARSI Sy AR R AR 5 S 45 A 1 7572\ ZINIC B v i i Vdh (1R 1 - 32 H AutoDock
4.2 73 TR RN ZINC e g 2] 176 MEAERYI/IND 1o THEIIEEREY], N rTH VDs K251
FAMUNE, BT BT THE B AT ARG RN T8 SRR . 2R a6 T AMBER H1H
MM/GBSA FefPit- 5 1 4 & A thgit—2biiig. WHRaiREY], WEEI2E Vdh 5070 7ai& 2R
M71. SRR R ER WA A Bhik th 4 Fib a0 TH#8RES Vdh BB ROBAHEAL, UERT T IR
JEMIE S Vdh BEEFRIZEEROR, WU T 70 TR AN TR R TR fTHC . S5 R, Tl
#7717 vdh 5N TEE I EEAE M TT. Vdh BAARACREREYI RO 7T, R T RHESOR R (A
FRETEIRY . RIUHT TR T (0 — N 705, ITE DA RIER 22 AR 9038 T i FRAE & 1 R L
T . AT R T vdh BERDHE, 5 vdh Iz R A T AR SR T B SRR

&5k
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