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Biosynthesis of calcifediol and calcitriol: a review
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Abstract: VDs is a crucial vitamin for human health, as it enhances calcium absorption in the
intestines and prevent rickets. Calcifediol (25(OH)VDs) and calcitriol (1a,25(0OH),VDs3) are two
derivatives of vitamin Dj that play an important role in preventing and treating osteoporosis, as
well as regulating human physiological functions. Currently, the production of calcifediol, and
calcitriol primarily relies on chemical synthesis, which has disadvantages such as low product
yield, numerous by-products, and environmental unfriendliness. Therefore, developing a green,
safe, and environmentally friendly biocatalytic synthesis pathway is of utmost importance. This
article mainly reviews the biocatalytic synthesis pathways of calcifediol, and calcitriol. The
P450 enzymes, including P450 monooxygenases (cytochrome P450 monooxygenases, CYPs)
and P450 peroxygenases (unspecific peroxygenases, UPOs), are crucial for the production of
calcifediol and calcitriol. The catalytic mechanism of the extensively studied P450
monooxygenases, the selection of suitable redox partners, and the key residues involved in the
enzyme’s catalytic activity are analyzed. In addition, the review explores H,O;-driven UPOs,
including their catalytic mechanism, strategies for high heterologous expression, and in situ
regeneration of H,O,. UPOs are regarded as highly promising biocatalysts because they can
facilitate reactions without the need for expensive cofactors and redox partners. This review
offers insights into the engineering of P450 for the efficient production of vitamin D3
derivatives.

Keywords: calcifediol; calcitriol; P450s; biocatalysis synthesis
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0 H
[SAY d§:§\1>7 Spontaneous
v, o
HO

WA SCER R T F A B AL =B A S
BEAR, AL FE P450 L4 HF (cytochrome P450
monooxygenases, CYPs) M JE 45 54 i 8 AL P it
(unspecific peroxygenases, UPOs)fEft VD3 4= il
(R AN Y S g oy RTINS e 2 Y S
A BN B AL =B AR ) A AR SR T
Mm%,

1 B -BEREL=ZBHEK

1.1 BUZEEREU=EMNLZEER
Har, fb2=4 mWik4 " 25(0H)VD; K&
10,25(0OH),VD; E. 45 2] Z W58 . 25(0OH)VD;
(Ab 2 B 2R AL 4G S TF BRI AR TR IRA
TEAE (B DLAZZ S S oh e 1h ok}, il e Tl 4t
AR Dy T4 A Schaefer FEP S0 2
MIJE 5 8 ROVREG R 25(0H)VD;, HER i
A 19.8%; Ja AR (B 2) A RE LA ZE £ 55
s EORE, (HAE TR SRR R,

SO,
tBuMe,SiCl

97%

HOY

0SiMe,tBu

[IPN

«'H OH

OSiMe,tBu

AR R EAEL 97%, CERAZZAETRICE R 97%, Hd 22%

Synthesis of 25(OH)VD; by ring opening first'*). The value in the flow chart such as 97%

indicates that the yield of this step is 97%, while the value 22% represents the total yield of the last five

steps.
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Figure 2 Synthesis of 25(OH)VD; by post-opening method"*. The value in the flow chart such as 85%
indicates the yield of the corresponding step. TBS is tert-butyldimethylsilyl, LAH is lithium aluminum

hydride, and TBAF is tetrabutylammonium fluoride.
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Figure 3 Two methods (A) and (B) for the synthesis of 25 (OH) VD; from 5,7,24 triene cholesterol®. DMAP
is 4-dimethylaminopyridine, PTAD is 4-pheny-1,2,4-triazoline-3,5-dione, NBS is N-bromosuccinimide, THF is

tetrahydrofuran, and hv is ultraviolet.
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Figure 4 Total synthesis of 1o, 25(0OH),VD;!*.
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Table 1 The product, yields, and catalytic methods of VD; and its derivatives catalyzed by P450 monooxygenases
from various sources
Source Enzyme Substrate ~ Product Production of Production Catalytic References
calcifediol of calcitriol method
(mg/L) (mg/L)
Sreptomyces Sreptomyces sclerotialus  1a(OH)VD; Calcitriol — — 0.051 Whole-cell [36]
sclerotialus FERM BP-1370 P450 25(0OH)VDs — 0.020 conversion
FERM BP-1370
Sreptomyces Sreptomyces roseosporus 1o(OH)VD; Calcitriol  — 0.050 Whole-cell [36]
roSeosporus FERM BP-1574 P450 25(OH)VD; — 0.025 conversion
FERM BP-1574
P. autotrophica  P. autotrophica FERM  VD; Calcifediol  8.300 0.170 [37]
FERM BP-1573  BP-1573 P450 Calcitriol
Amycolata P450ypys VD; Calcifediol 20.000 - [27]
autotrophica
Sreptomyces CYP105A1 VD3 Calcitriol — — - In vitro [38]
griseolus conversion
CYP105A1-R73V/R84A Calcifediol — - Whole-cell [39]
Calcitriol conversion
Pseudonocardia  Vdh (CYP107BR1) - - In vitro [28]
autotrophica conversion
NBRC 12743 Vdh-K1 - - Whole-cell [28]
Vdhrigra Calcifediol 573.000 - conversion [40]
Bacillus CYP109E1 Calcifediol - - In vitro [41]
megaterium Calcitriol conversion
DSM319 Calcifediol - - Whole-cell
CYP109E1-I85A 45.000 — conversion
Bacillus CYP109A2 16.000 - In vitro [29]
megaterium conversion
DSM319 54.900 - Whole-cell
CYP109A2-T103A 69.600 - conversion [42]
Bacilluslehensis CYP107CB2 Calcifediol — - In vitro [43]
Gl 1a(OH)VD; Calcitriol — — - conversion

— indicates not mentioned.

Kawauchi 250175 4% 75 4% 55 14 (Sreptomyces
lividans) {24 P450vpos 1 3 4 M 1 2 A 1k
VD; 4 i 25(0OH)VD;, R P450ypys 1l 5748
N R A A I SRR R AR R AR
R IE i i AR 4 3[R E R AE AR .
Sawada %% 17 NADPH-Fdr-Fdx-CYP105A1
HL 1% 38 B B 2 A6 AR A4k VD5 JF A AR
10,25(0H),VD;, Fujii %:**3# & NADPH-Fdr-
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Fdx-Vdh WL mxt VD, #E1 iR sMifk
KU, A2 25(0H)VD;. 1a,25(0H),VDs A
/b 26(0OH)VD;; 24 Vdh(CYP107BR1) AL H
41 Bk B (Rhodococcus erythropolis) 1 4 15 3= 2
Ji, B 58408 5 R TheC Hl TheD ik,
25-F AT V5 1 T B R 2 6 A% M [ 4R 0
1 %, 50 1 F§ NADH-FdR-Fdx-Vdh i F14 8 5%
R G4 VD; 4 i 25(0OH)VDs.
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%2 TEXRIE UPOs WA S WESE KBk =8
Table 2 UPOs from different sources catalyze alfacalcidol to produce calcitriol*!
Source Enzyme Substrate Product Yield (%)
Coprinopsis cinerea Cci UPO Alfacalcidol Calcitriol 45.00
Agrocybe aegerita Aae UPO 99.65
Chaetomium globosum Cgl UPO 45.00
Marasmius rotula Mro UPO 55.00
Marasmius wettsteinii Mwe UPO 48.00
Collariellavirescens Cv UPO 45.00
Myceliophthorafergusii Mfe UPO 75.00
Myeceliophthorahinnulea Mhi UPO 42.00
Myeceliophthorather mophila Mth UPO 44.00
Thielaviaterrestris Tte UPO 47.00
Humicolainsolens Hin UPO 45.00
Coprinus verticillatus Cve UPO 55.00
Coprinellus radians Cra UPO 45.00
Psathyrellaaberdarensis Pab UPO 45.00
rRoH 9 gy HO
HO A : X P
ROH / Fett \ RH
I«le“‘ Fe! i
R /
OH
Cpd? RH
Fe
Fe!l
I
RH 0o
Cpdl Lle'\’ 0. RH
"o
H,0 :

FC“I
N\, o o L.
H 0 RH O

| l

Fell Y Felll

Cpd0 H

5 P450 BpnE s L H )

Figure 5 Catalytic mechanism of P450 monooxygenase' .
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Table 3 Products of VD; and alfacalcidol catalyzed by CYPs coupled with different redox partners

Enzyme Substrate Redox partners Product References
P450ypys VD; Ferredoxin and reductase system of S lividans 25(OH)VD;, [27]
CYP105A1 VD; Fdr/Fdx 1a,25(0OH),VD;  [38]
Vdh VD; Fdr/Fdx 25(OH)VD;, [28]
ThcC/TheD 10,25(0H), VD3
26(OH)VD;
VdhT107A VD, AciB(Fdx)/AciC(FdxR) 25(0H)VD; [40]
CYP109E1 VD; AdR/AdX4.108 25(0OH)VD; [41]
10,25(0H), VD3
CYP109A2 VD, BmCPR/Fdx2 25(0OH)VD;3 [29]
CYP107CB2 VDs/Alfacalcidol  Ferredoxin and ferredoxin-NADP" reductase from 25(OH)VD; [43]
Spinacia oleracea 10,25(0H),VD;

2016 4, Abdulmughni %5 ffl NADPH-AdR-
Adx4.103-CYP109E1 Hi, F1% i3 2 Gt 76 1K A 5L 2N
4k VD,*1,2017 4F i AE 2 FE CYP109A2
B E AR AR RT, VD3 9 B 200 pmol/L,
RIAEAIE JF LR BmCPR-Fdx2 (VD; #{k#%
H 36%), F AdR-Adxs s (VD3 HALZEH 20%)
AL VD BRI T AF R, 15 R — i AR [
A AR B AR AR S R R, Ak % P A 22
JEH K. Ang %M B. lehensis G1 Hi 43 g 4lifb
CYP107CB2, &IH 5K A 3 =€ 1Y 8k 2k 8 1
FIER AR B 1 NADP i J5 gt [A] 4 F B, vl L
¥ VD, #1 1a(OH)VDs 43 5l Ak A 7 25(OH) VD;
Fl 10,25(0H),VD;*,

TEXT P450 SN B A SRt AR, A PR
M FEEIFFIE5T CYPI09EL, fEAy @KL
AL B AL B4R, BEF T Adxaes 20315
Fpr A1 BmCPR #4741 &k Mfk VD;, k¥
NADPH-BmCPR-Adx,.10s-CYP109E1 fi#fk VD; 4
Ji% 25(OH)VDs FER B4, HALALAR 50.1%,
(ELRHE J 1A T 14 B AR S DA R 4 A P AR AL S 56
SE L R A Fpr-Adxgos il 1k 21 BE N
200 umol/L i VDs R E M F BmCPR-Adxy 105,
HAAMM & EF A4l 24 h )5, {d Fpr-Adxy.ios AT
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HE A%, 0.74 mg/L ) 25(OH)VDs, 1 BmCPR-Adxy. 108
A B 0.32 mg/L () 25(0OH)VDs, X #E—E
BT Gk i A AR AR AT LA S = VDs Y
JE R

T ARG RTTH, WA EN AL
PEAEXT T & CYPs WA MEALIE PR R FE Sk 2
KH L BEE M AR K, 256 W 2V 7E P450
B ) AL IR IR AR B EA A R, T LLGE
T XX A AR SR AR AT A R G, 3
55 ORH N A T B3 L A AR A SR AR
2.3 P450 EINEERIMAM S TR 5 F &

P450 JifF () 8 skt L maeh el L
B =5 VD AR Y4R A T —SRn s A .
HRSRA P450 HIMEBETEMEfL VDs FRIEAL T
SN, AETETE PR . B P 25 P AL R S M 22
FR R, WEAE KRR A S AR S5 1 15 B AT
P FBE, RHEEE T P B
i, ATER S AR AL RO . B RS PR L
KOO T B e Ak A e
231 RTXEHRERS P450 BMEEEAIEK
M

P450 FNA R EECIR = MIEER, K&
BT o W8HEM B IrE, WML A 3,12
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TP B A SR A S 1 A DU IBE R
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FIWFSE, AT E DL YR s . A B
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Sawada ZEPYE I Arg73 I Arg84 JE 5N
CYPI05AT J5 P AR L0 X HLh A7 78 o5
A, PRI IE . 2 KL Arg8d &
S RS 25 A L B 5 R4 P71 Y Arg84
ZRAFF] Ala 8%, Val B, AJFa5E P450 A LZSPY,
M Arg73 23R40 VD FEAEALHC 7 B S A 507,
[ 28728 Arg73 il Arg84 153 i AL ZE A5 14 %
VD; MR G V0 3 T AR K, DR
Yk R fER 754 CYP105A1-R73V/R84APY ) 1)
S lividans TK23 & 15 = 4 M kA 74 20 Ak
TEJI 24 h J5, VD3 £ 25(0OH)VD; [FEfL 2%

A4 A AL B TP D B SR B TR IR R Bt Tk 38.9%, 10,25(0H),VDs HYFE fL A n] 5 5]

: 3-sheet
C-terminus =

N-terminus

6 CYPI09E1 BE{REMFEIEGL RS AR I NI (I ()3 C/3i (20 () AR R £ 7
For. ML FRXBALOFR, pIrEaHKEAFR. B: ¥ VD3 5 CYPI09EL #4715 T X B2(FRLL(4), IF
Y5 Vdh-VD; MR RIEA T (S f0). IMLT R KL FRR, BT A8 1 e SE 1 F R e b 3=
7N, 185 i F BC PA(SRS1). 1168 Fl V169 {ii T F #8jiE(SRS2). 1241 fii T I #2)i€(SRS4). K187 fii
T G BiE(SRS3)

Figure 6 Overall structure and the active site of CYP109E1™">* A: Overall structure of CYP109E1 with
different colors from the N’ terminus (blue) to the C' (red) terminus. Heme areas are indicated in red and 3
folds in gray. B: Molecular docking of VD3 with CYPI09EI (magenta) and comparison with docking model
of Vdh-VD; (green). Heme areas are indicated in red. Amino acids such as I85 (BC-loop, substrate

recognition site 1, SRS1), 1168 and V169 (F-helix, SRS2), 1241 (I-helix, SRS4) and K187 (G-helix, SRS3)
selected for site-directed mutations are shown as orange sticks.
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10.6%5, [AlEHZ I 78 & BLR A1 CYP105A1-
R73V/R84A %I 10,25(0H),VD; i C26(27)/
FETE R R RE J1 91 2E B 10,25(R),26(0H);D5, %
Wy o 2 v PSS AR T ELAS AR AR 3 I
T 10,25(0H),VD;, it 1a,25(R),26(0OH);D;
Wit —FpAEF HA W mboE i mt,

Fujii 2% R. erythropolis 1 4 15 3= 4t Jfd
F3k Vdh B, XX EEEAT T REALE AR, I
228K Vdh-K1 (T70R, V156L, E216M
Fl E384R), %X AN VD3 A F AL TG 1 L B
AR T 21.6 5128,

Jorwik ZFYSEIHHT TRIETF B, megaterium
DSM319 1y P450 HLfin % i CYP109E1, iEid
ST TGP CYPLO9ET fhiAZh #y & PRAE MM 21,
R A — AR L IO R T 48T
¥ CYPL09EL 5 VD #4750, 4% 4 ML
J5 185, 1241, 1168 Fl V169 & 5 5878 AN &R,
A3 %R F Vdh H g 188, 1235, L171 A1 V172,
SEHGEE ] 185A S CYP109E] FfRAL 2878 ik,
AT LUK 25(OH)VD; (7= 2 5 51 45 mg/LM*Y, 1
ARPRE AR YE CYPI09EL 5 VD X #e 45 R AE
Fil 135 P 11 4% DL R i 21 Z A AL p s B ke T
R69. R294 LUK R177 24 5 5878 N A IR -
HEAT R ISR, & B AR R294A MR AL TG
PEJLF-3 5%, 1 R69A Hil R177A AT i 41
o B AL T D R TR Bk — i B
ZEERMIE, IF TR 0 AT RE B B A AL S
PE ) S S 2 SRR Tl 5

2017 4, Abdulmughni 55 %5 4047 T IR AE
ST B. megaterium DSM319 H1fi CYP109A2,
i X H AR GE R T, K CYP109A2 1Y
4 NG ILFRNL(T103 LUK ARIT 7RI P104
R105 Fll A106)#EA7/E R4S, K HA R K
T103A ] L& VD; W61k 3e, FERNH 24 h
HE 90% Y IS (U B 200 pmol/L) Bk F21k

&: 010-64807509

PR FE R B F] 69.6 mg/L, AT AkLEAN RIS R
V% 48 h, FEYHEE T iAH] 282.7 mg/L*,

WL IEAE PASO PR AL IR AR 45
AL ORI, AT AR AL T .
T9R75A Vdh-K1 7E R. erythropolis #1315 7K
I, Yasutake 251580 Vdh 19 Fdx 45507 5 )
T107 278 N 2R , f# Vdhrig7a 7E R erythropolis
HREAS R A7 3R I = A 7 25(0OH)VD;y; Xt
Vdhrig7a B AR ZE R FEA TR 5T & BE, Vdhrigra 5
VD; 254 BB M5 H Vdhygoa B9 Fdx 456100
MUCEFAETY Vdh #5F B Z IE R AT, AR
S fr i) Fdx ASS G, N4 & g ik Ak
Y AN EA LK F, Vdhron SRFETA
HHFHJE OC4 (Acinetobacter sp. OC4)f AciB
(Fdx)F AciC (FdxR)& H LML VD;, JH25-%%
FEALIE PR 2R Vdh 1Y 80 £, [RIEt3h 2%
AT R Vdhrga 365 T Fdx WIZ5EER
J1o TEAFLREEERE AL HE Y R erythropolis
JCM3201-GleDH 3Kk Vdhriora AT
AR, HAARRCRR G, 2 h ™A Tk
300 pg/mL ) 25(0OH)VDs, UiH] Vdhrigra FLEF
A A vdh DL K % AE K Vdh-K1 B IS A TR
R. erythropolis Hifk, VD5 277 25(0H)VD;M,

RIS UE B R T A AR S R
& B oy X SR T B i A7 40 B, W) S gk Sk ik
T2, Al DL 25 P2 s i A AL TS
232 ERRTHTERBEM

T A R R, AR
mE e, HER el s iR E R E
PE, TR BT o T ok, o nT DLGE A AR
SRR AR v i ) R E T

HAiX CYP105A1 fEALIG R M)
12, AR E M D . 2022 4F Takita S5
BT CYP105SA1 JH: 5 FhaRAZ{A R7T3A/R84A .
M239A . R73A/R84A/M239A (=TriA). TriA/E90A
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1 TriA/E90D myfaEME, HAEZEYE PAGE 7 #r
g3 CYP10SAL B kA HEE G, IR IEER
LTI AL, XTIl A AR P S i A R 5 o [ —
PE BT I M239A 2848 2 KA (1) o e 1
Al RE S B R i 28 A8 5 BB 1Y) Ry AL 5 ke A AR
b, #mT Argl93-Glu232 Zal i EAE,
AT 5 2 il 0 P B AER DT Fugi 25028 % B4l LAY
Vdh {EPEATRE HAZ 30 1500, 76 AR &
A3 NaCl., KCI., i g sl i iR 40 45 7T L3
X VD; Y 25-FR A0 TR, IF H g0 2 AR
NaCl 5% KCI i fe 3 4 100 mmol/L.
233 XRIAEMRTIIRSEHXEIRE M
R =14

ANFHY PASO HANEEEXT VD; HA AN [F Y
WALRHE . CYP109A2 Xt VD, EF (LAY, HA
B I PR R, AL 2R 25(0H)VD;
HAYA 1 #0724, CYP105A1 F1 Vdh #i4k VD,
A 3 FhFEd, i CYPLO9E] 44k VDs 1551
P2k 7 R RIFEER AR T I 4y
B T B AR a7 sk, 5
Tolb A= 7=k

2010 4F Yasutake ZF4R5% T #7471 Vdh-WT
MZZER Vdh-K1 (T70R. VIS6L. E216M Al
E384R) I dhiARLEH), K P Vdh-WT L ik 4
H5 VD, 45 & AR AL, M Vdh-K1 2
H S H 5 25(0H)VDs HA 8 B 454 35 Al
J1, IFH RS Vdh-K1 384 {7 | A ERPERR
I Glu Wemsi it E IE/R Arg BUR AT BERE I T 4]
Mgt E e, (H vdh-K1 I3 38 m Ry
L

CYP109E1 TEMRSMiES VD, 155 177 ) &
35 7 Fi, L B. megaterium MS941 1 15 5 41l it
BT AL R LR VD AT AW T s 3
Wb, KILZEET VD; KEIF=4) 24S(OH)VD;
¥if5 C25 fuFRsAbiE M, [FEF 25(OH)VD; 5

http://journals.im.ac.cn/cjben

24S. 25(0H),VD; =AM, 7EdkFE 185,
1168, V169 Fl 1241 #F17E fiRAE S5, KK I85A
F i LR AR A, 185 A T AT MM 21 2 A SRS1
(1 6B), AR TZ A0 A 235 el il (%) T35 1 5 DX 3k
PRk, S50 R W] 185 A AU H] LIEE ) 25(0OH)VD;
fy P gy, T ELEN Y 24S . 25(0H),VDs 77 &
A TR [RIBT VI69A Fil 1241A i R4
X7 24S(OH)VD; H[E]{A 5] 24S. 25(0OH),VDs
(e AR e LR CYP109EL 9%
FEIR 185 MIBEXT T VD I IX B £ 8 G d %L
V169 Fl 1241 % CYP109E1 4% bk oA
A
24 EUARXTEIEFHIE D

SRS N OR R Ay i W o R NP
S | Bw 1 i o0 S e e 1 e
AJEAY RS, B R TR RO TR 1 AT
1%{){:[40,61—62]0

PRSI AE S0 2 BN FHAL 2, W LA
ARG AN ] AR R AR 5 2 il 3 (R4 AR e 4
BRI N CYP105A158 CYP107BR12
CYP109E1"! CYP109A2*'PL Kz CYP107CB2!*!
Wl FEAR AN AL VD, 2E B AL — B AL
S, HEIZONEALE P BRI, AR
MBI S R R X il T A2 7 A AN R
WATE S T Al SESEA T RS A 7 b

e 240 A 1 D)2 DA 58 A ) AR XS IS i A 7
WAL, RAEAG, AT DLaBE G0 G 2 i ik 10102
AR E A s A A A P O 2 Hoh R
TE TR AR KRR Y AL B B Al 18 5 1 & 15
FiH, CYP105A1-R73V/R84APY | vdh-K1P¥ |
CYP109E1-I85AM DL K2 CYP109A2-T103AM*4%
B I i & B AL VD A R R el
fb =, I H CYP109A2-T103A {4k VD, 4 i,
AL T EE PR AT K 69.6 mg/LYN (K 1), #EL
1 A ) 2 DV A A A o B i B A 27
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N I 3 S 7 N EER2 =5 ST B 5 A 9 R 5
TEYEAL, a1 Kang e 75 L &R,
15 e A3 A W A A 15 57 (15 mmol/L Trizma B .
25 mmol/L BEIAMRAN . 2 mmol/L MgSO,. 0.08%
B-FRAIKG . 0.1% NaCl, 0.2% K,HPO, F1 0.03%
MnCL)A S 54 (2R 0.2 vwm, #E
YR R 4.7% H R VR R 33 °C), R IR
K KCTC 1029BP (Pseudonocardia sp. KCTC
1029BP) #5240 i Ak VD5, B 1k — B i ]
ik 356.2 mg/L,

R T B an it , Kk E T2
SO TR EEE, HT I R ELED
%, BP0 A m o AR iEe e
20 A A 3 B 5 I B A M vk 4 i A
FAI G A R h AT AL, YR EE R L
Rl # /b, A BAs i oy 8 sk Jr T A G
LT AR AEXT CYP109E] BIBFSE it F e,
LKA BL21 RyfE EANMUES T T &R LA K
S AN AEAL VD, B EEER, {8 20 mmol/L B
PRGE MR AE D B R R IR, AU I
ANHIAR, [ 24 h J5, 25(0H)VD; 7 H{UH
0.012 mg/L, ZEIEREILBILMENL VD,
PRI T8 S A o 3 2 BH O[] i 1Y) e i
A ORTA], S BRG 1 i Ay =XRT R B2
P2 Hbs - i - it .

SR, A= 4 M A Ak 2 72 e TS A7 A 2 75 A
PR, BN Rk . ALk RS
BN HLBIAS IS T, 3X — (] sk A 3 1
FREE 1 32015 2ok

3 UPOs &4k VD, & BBk — 8
&A=

3.1 ELNFIREME
UPOs IMZLER F&A 1 DMHESKS T, i

&: 010-64807509

WARIRIT IR, HyO, SR I 213 E RS K o
T AT IEIE B [al4 (compound 0, Cpd 0),
T HE 2R RO B b AR - A BH S )l R 4%
A% (compound 1),Cpd 1 HA 855 ) EALVER ,
FfJ5 Cpd 1 DRIP4 1 ASH R 1AM+,
A AR S Y A E AR BC S Y AR A B
R, HORHUCE 4 iR AL ™ W) (R-OH)-2k il
2 45Y)(compound 2), FE¥WIE A YINEE Fe AL
VIR B2, K5 ML RKE N, =
UL 5E B — R AEER (] 7)P159), it n] WL, UPOs
HPLAATE T HBEA T 22 5 5t 19 4 X F NADPH
WAL AR RS 54k, R
A H,0, BT & g i P,
3.2 125 UPOs BRIz EMENLIEM

FHr, UPOs RYSIRRIABOR A, UPOs
MELUTE R FF o b SC B S R 3R 08, it R A%
16 E kA TR e, R % UPOs AT
DATE 52 % I Bk R 1 B 45 LI P A T S AR
ik, (HHEIEERARRS R sh s S
AR &7 4 B F 32 B0 UPOs 1) 57 TR 22 15 Fll - b
T Ao T it ) DG B 57 R R AT 9 7R BT 2 R v
AR T 1

Piillmann Z5£1°%F UPOs 16 (55 Bk F1S
AT TIRGE, KX T AaeUPO*fif, fifi 1]
fi 5 ik Gma-UPO H. Aae-UPO*ZL R i -, HiFfY
HEEE T 1 5£2; MthUPO W& 5 ikl
Sce-a-Galactosidase #1 Ani-a-Amylase, T
MroUPO il MweUPO i id H K 4K 5 5 fik
Mro-UPO SP BIA]#ik; TteUPO fiifi 5 5 ik
Sce-Prepro Fll Sce-Invertase 2, 4l {55 Ak
Sce-Prepro FJia 8l Poary B, RGN 21 H 75 14
A S 38 2% PAT A G2 £l PR J5ORE pPAPO03 I Peary
JA B TR R R RER IS R GE, X AaeUPO*
MroUPO. CglUPO. MthUPO #iI TteUPO #4713
kI, BR TteUPO Hip ™ &B W&, b

B<: cjb@im.ac.cn

% | BUCERRBUZEEYSRARER 1613



1614 ISSN 1000-3061

CN 11-1998/Q AW T.#22*#  Chin J Biotech

7 UPOs {EL#LH,

Glu O
5T
0"
H\O/OH
H20 l::elll
S—Cys x
H,0, Glu YO
02
H H H-~ OH
~0~ 0
i : 11
Felll Ee 5
—Cys
S Cys Glu ¥
\ RH
Fel\
S Cys H,0
Cpdl

L AaeUPO F {53!

Glu196 7 HyO, BE Bl fbiod 7 F b i i £ 57 A9 4
Figure 7 Catalytic mechanism of UPOs, taking AaeUPO as an example®*”. Glu196 in AaeUPO was used as

an acid-alcohol catalyst which plays an important role when activity of AaeUPO was driven by H,0,.

TR B2 R ik 240, MroUPO. CglUPO #i
MthUPO i 4rill$gm 1 3. 15 F1 5 £, Hrp
MthUPO A4~ 5 15 24 mg/LI, B AR5 5
RR B 2 X Bl s YA B 252, BAE SRR
558 3 a0 Pt T SRR i OO [l 4
Piilllmann 5£30X} 11 DMEBFF1 17 M5 5 Bk
ITEAMGR T 187 AM4HG, &g s T
AaeUPO*, MfeUPO, MthUPO #1 TteUPO /)%
ER TN Pupemp, MhiUPO [HGE JE 3110
Pupvox e =4 AaeUPO* i H Puprwp Jit 31 F
Gma-UPO {555 kit , HoA ™ i Al 1A% 12.6 mg/L,
Il TteUPO 1 i Ani-a-Amylase 17 5 IKF Prgemp
Ja s, HEE Ak 21.9 me/L, ¥R F 2]

4ifbJ5 1Y Pada-1 Hid %ALY (N H,0,. %Ak
AT | O S0k e 3 AR A0 0 S5 ) T PN i - 02 1 i S
A FR AR 4EAE 2R D, A AR TR B
HAREESS N Pada-1 51 S8 AL W) Al ot — 20 A U
b =B,

Babot %P2 % I3k H HE C. cinerea 1Y Cai
UPO H A 1 IX B Bk, fiEfk VDy HAE K
25(OH)VD;. il T IZE RS H, IR
e XSGR BRI R A, mT L HAth UPOs 194>
T s R —E A HE LA
3.3 H,0,7 UPOs &£ VD; £ BB L B2
mett=E+iEH

UPOs b1 B2 H A Hy0, 75 K BT 32 AR Al

VI SIEH: O T AAEA, i 0, BEE TSI ARRY H, YEm
I CSSEm S % AaeUPO () 5 M MR AT Ak s P, Hid AaeUPO . Ci

V57A/L67F/VT51/1248V/F311L #Ef75878 , 155
o EA Y, G R R

AR Pada-1 1
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UPO .Cgl UPO ¥ 1[5 H,O0, 3k R4 i1 VD,
g ik e A B = )



Hit

Xt

(* 2).

UPOs %f H 0, ¥ e filak, k&
SRR 2T R g PR A, DR o] 4R 4 0
H,0, &+ mEA RS Hag, nrRhds
ek 2E LA 2= O, IR AL HL0,, A7
FEALSAEAR T . AH DGR 28 B 5 HOU PR LA 0
FEfG R AR, IFRITIZME T tnl ffi ] 2
PIRAE AL 0l 1 A AL B O, 1B )5 AL Hy0,, 55
B H,0, M JFEALF A Hid ) ZERg
FRBH AT ES A HAb &,
PSR AN, HAT, B & . Xt
AR . R A NS AR A 4R AL HL0, 5t
PFAER T, 4R UPOs MIMEfL IS .

4 R&EHEZE

Wk P450 FEfEAL VD5 AR R AL A
A = WS — B B A B A il A LG PR 5
KA A= A 5 P450 TEPE L FRE 1 DL R i
A S AR DG B WE A R T P4SO iR Tl Ak
MR, ASSCHERR T 0T P450 B 4= g i AL AL
il AR B A AR Y 3 TE LA KA DG Y 43 2L
G, X LTSRS AR R PASO Ak G P PR it
THEEWSHE, R, FIH PAS0 04 AL
VD; A7 B AL T RE A E AL = RE A R R P AT AR AT
TE— LB BT, AN 4> 40 B Ak o 2 P A Y
NADPH AR | AfLid RS CYPs Hfl
AL S . NADPH 4 HL A P450 1L
AR BR PR, IS TR T B ik
K 7S W R 75 %5 B it &0 (glucose  hexaphosphate
dehydrogenase, ZWF). HI W2/ & B 5576 1 £ 240
JL P AL R A R DR R Y
NADPH 2 fiff P FRIE AL R G 5 381, il 3
F 25 FBORTARS CYPs SRR EZ
] 7 LU A AR A R o Ik SE SRS e i — b
15 VD b TR R A D A g

&: 010-64807509

it — o FL

HAR B, TR L VD, H, UPOs
fLLSF- L P450 B AU s AR 3, HORTR 20
S S IA S 5 ON, AN T A AR ST
B2Y, FEFH HO0, I3 K UPOs HA T
fon X e, R R BEAR A A Ak R . H
HHin] i UPOs F-AsE R, 1 H UPOs 5
IR R BT RE— A E Rk

SOk, BARAEYEMEL VD RS
BRAIPERN 2R, HAHE TA2E A U & 40 3R A
o7, D4R Dy VE AR YE o A e A
R TRl R R B R A S G SR
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