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Application of enzyme catalysis in the preparation of vitamins and
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Abstract: Enzymes, as a kind of natural catalysts, often have unique and excellent catalytic performance compared
with chemical catalysts. The mining, modification and application of enzymes have always been a key research field of
bioengineering. With the development of enzymes mining and modification technology, enzymatic catalysis has been
widely used in industry. In the production of vitamins, vitamin C and vitamin B,, have been produced by fermentation
with a long history, and vitamin B, has also been produced by fermentation instead of chemical synthesis since the
beginning of this century. In addition to the above vitamins, other vitamins are mainly synthesized by chemical routes.

In the chemical process of vitamin synthesis, more and more cases of enzymatic catalysis to replace chemical catalysis
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have been explored for semi-chemo-based production. For examples: Biological enzymatic resolution instead of
chemical chiral resolution in vitamin By synthesis; Nitrile hydration catalyzed by nitrile hydratase instead of chemical
catalyst in the synthesis of vitamin B;; The synthesis of active vitamin D, [such as 25(OH) vitamin D] by P450
enzyme. Furthermore, many vitamin esters or glycoside derivatives are synthesized by lipases or glycosyltransferases.
In this article, industrial applications of enzymes in this regard are reviewed, including screening, directed evolution
and rational modification of the enzymes. Moreover, the applications of enzymatic catalysis in the synthesis of vitamins
are summarized, including vitamin B,, vitamin B and vitamin D;. The production of vitamin C is also highlighted
because its fermentation process is similar to enzymatic catalysis. We also summarize the synthesis of several vitamin
derivatives, mainly including ester derivatives of vitamin A, vitamin C and vitamin E, which are synthesized by lipases,
and glycoside derivatives of vitamin C, which are synthesized by glycosyltransferases. Finally, we compare the
advantages and disadvantages of chemical synthesis, fermentation and enzymatic catalysis in the production of
vitamins. The characteristics and application potential of enzymatic catalysis are summarized. With the in-depth
understanding of enzymatic catalysis mechanism, enzymes will play their unique advantages in the synthesis of
vitamins and other natural products through integration of chemical engineering, computer aided design and other
interdisciplinary knowledges.

Chemical catalyst

Keywords: enzymes; enzymatic catalytic; vitamins; vitamin derivatives; lipases
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A, IR T Tk A=

FHXS T 5, BEVE G 4R R A FLIR R WA
b, BriESE U0 aE sk R R R O I 1D e R )
& it & A LIRS . e U K g W
Novozym 435, fER G FIBUT BE/IE S kt=3 : 2
ERIE) & N R R AR, IR
1£52.19%. ATLLRIL, WE4E(E A F T IR RIR
F kB 2 (Candida antarctica B) ]
Novozym 435, & 5% 4 & & FH B9 AR B i 2 — .
Novozym 435 /& i s AL [ 2 A0 B, B PEir, (HX)
FTAFFRYEAEEA—E®m. BARF PR
FEAEAET 32, AT 3w st B A T A 1
JIE W I, 7% X A [ A2 P T A s St g i g gk
A7 0 1k BY LK

3.2 H#EERCHITEY

YR CAER T AR, RE| T 4R C
M TAAC NI o ol EFAR4EAE R C il g iR C
A, AEORE YA R C HUA AL TE P A [R] I 4k i
SLFIVE R . % WA4EAE R CATAEM R4 R CEh2K
C(HnZEd s CoMYEAE R CH5), AR CHEF R
CHetngeA: 28 CHaIHE ) MR R C Ik [t
R CHEMRER (B8). 4R CRRNIMREE. 4EERC
BRG] 77 4EAE R CERR— ML ik A%
B, MY R CHIENEH — B LABE S . HE
B AR, BB R, e E CRER
TR 2 R P BEE & . ARG 4E2E R CHTE
Bt EACPE A 22500, RIS A AR 7

321 fAFCHEFE

FAERCHIEMEEAZME SR, B
L- U0 LR -2-a- H G BEH (AA-20G) . L-$idF 1M
f2-2-p-w E A (AA-28G) . L-$Uik Ifl fR-5-7 &
W (AA-5G) M L-PUIA I AR -6-# &1 B (AA-
6G). HH1, AA-2aG HHA R it & Y4k
YIEMEZ BTz %3k, H O SEIEE VL Tk B =
AA-2aG NN, FILE o~ ZTREEF BRI /E A T
PR MR R 42 3R C R RPEAEFIE T U 594k, AA-
20GIE R H UL MBI EOREREFZED)
R, FESH Tk AT .

1990 4F, HAMFE A =07 5 X K2
ZHERE IR T AA-2aG, FHFIHEM HIERES
TR CTAE T, 24 N1k, AA-2aG E
BUR F B M B R R R4 &R CTE b S
B HIEPRE BRI CHEERfbAD IR FI b
o TG L AA-20G BB ELFEIN 22 20K 1 SR
A% (cyclomaltodextrin glucanotransferase, CGtase,
EC2.4.1.19). FEPEBERRLES (sucrose phosphorylase,
EC 24.1.7) . o- 7% % B 1 1§ (o -glucosidase, EC
321200, a-TE#HE (a-amylase, EC 3.2.1.1). H
B EEBEBS (dextransucrase, EC 2.4.1.5). S-7 %) #iF
i (B-glucosidase, EC3.2.1.21) %%,

CGtase 74 & 1] U AL VE ¥ 7K i ORI RG ,  [R
I 2 AA-20G TolALA ™ F Mg, AT LA o-3A 4
K B-FRRNKG L - PRI BUE K 1 ol BRI 5 ik
AA-20G. HITJERMI & S AME BRI R, B-28
WIS LE AA-20G TV A e # o AR B-2A W K
KPR, MR T CGTase B2 [ .. CGtase ]
7 N WEH I (mesophilic) A1 # (thermophilic)
PR, W WRIEA FAF R (Bacillus) . 2RE51
M #  (Paenibacillus) « ¥ W (Clostridium) 7 5
IR (Klebsiella) v TEKH (Micrococcus) « V&
R A (Thermoanaerobacter) - # Bk
(Thermococcus) %5 . Forpr, KRG 5 15w #4241
FFE  (Bacillus stearothermphilus) ™", ¥R ZF 1 FF
(Bacillus circulans strain 251) " F1I2 bk 35 2
HIFF B (Paenibacillus macerans) " f] CGtase iff ¢
Bz, HOMHTHSiEE.

CGtase /A~ AT LA A1 Bl 2 5 72 5 il AA-2G,
WA LG AR R Al S RS . K2
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HORIR ) CGtase BEMEAL TG TEIF AN m, HA R
AA-5G B AA-6G L. 734k, CGtase [ ELL ™)
AR Z AN H AN (AA-20G), FTEMAREL
il 5 33k — 25 K M R AA-20G ™o ZEVTAESE Yl I
M S TG A 22 20 WK ) SR e % BB R AL 5 B AA-
2aG, f£36.5°C, pH5.4 %1 T LI AA-2aG 7
HON9.76 g/L, LTS8, FHIEH, ¥
WEFE B AR 0 kAR HE 15 3 s v H m R S
CGtase. EAH$2 = CGtase H B AL 375 14 1= W 7
P, TEXNBEHEATRIE. WWHARE, X
CGtase (U&7 N— A 3 M, ERRE. Riig
AR R IA . VLR K X e B BA K B BE
RIS, A AT I8 S 0 ok R T IR R S 2 AR A B 1Y
CGTase B AT 2 £ fiH & 548 345 5 1% M R AL K
(K47L/Y89F/N94P/D196Y) fifil AA-2aG F= K ik
2.23 g/, HWFAREGAH L = 85.8% s 1E CGTase
BN iy A R K SAP6,  LLE K 1 Ay #fl 2 fit
AR, BEREVERUS MG IR 1 = 236% s A Ab
IS Rl G A EE S S 45 IS CGTase I, BAiE
VERIRE R LA T, WA A TE M i 4 £ s
R4 B 75 4 55 ) 2838, H 1T & A W 71 1) CGTase
KR B bk A& B. stearothermphilus, T a-3 KRS A& AH
Xf f Bl R A . B R B S ARG, H AT
Tl b = EE DL B-IRIRE 1 gl R ik

i A R S O e NP 53
(Bifidobacterium longum) """ . Jig i B £ 2k
(Leuconostoc mesenteroides) « W& F¥ fi . iy
(Pseudomonas saccharophila) % . 5 CGTase M
FHEE,  REWEBERR AL 18 1) HE AL 5 B AA-20G IS PEEL
G, R 051 R Ml R P R AV FEE M AR D W AR 4
[F) R HAT W T AE AN AL AGYE 7

AA-2BG 7 H A 2434 Toyodaono % W H E 17 B
MIAe  (Lycium barbarum L.) FALJ7#itd (Lycium
chinese M.) TR 7 AL B —Fopi AL, FoE .
ZURIRMT AA-20G A7) S#HR . BETURIL, AA-26G
HAMYAEAE R CRUMN AR . AA-28G I E K
WD, 20094, WA 55 P AT 4 K i T M
Hh R 0 B s R A B R B R, Uk S R Ak
TR AA2BG NBES T, HPEAR, EAfFE—P
W5t .

322 gAFCHEE

Y 3R C I BREAT A Y A SR H B & B F
FL, R LA K TR T B (B e T e A
Y1) G R E A F C R IR B4R AR 3R C AR A IR I
1996 4, Fujio % “ RILYEA 3 C 5 & FEBERR Hh 11
TRV WRAE S A2 4 77 A ) B AL A R AT R AR R AL
SONAE R AEAE 2 C R R, b, R P2 s 4E
MR (Cellulomonas flavigena) HEA L, 4EA
FCERER LR TTIL 8.8 g/L, HA—& TN H
77, #2001 EAH G, [ A Kyowa Hakko
Kogyo A JF K 1 — sk Bk & 4t 3 C BERR IR 1)
PREK, AXBEMEAGTE R DAGEAE I C BRI N R R, )
FH A 23 A1 B0 0 8 A - il AL, R SR A Al
SR 44 & C R BRI EE 2

Yk R 2R C AR R IR (1) B B O IR 264 CRy
AEERD FAIRERER, HT4ERCHETK
MARFEEE (B AT K, PRIk S B3 711 7 200
e | C MR (BB #A — € KE M, Bl
WA BUREE . BT RE. IEC k. NS
AN TR BRI ) R S A B AN R, AR AR K 2 SOk ik i
AR B0 o3 M, R IAEAE B AR [R] ) A 107 4 £ 4k 751
B, BUREE AR AR R Y. A, B
Jig 107 g AT DLZE AR K AH AR R AR SR & R, H
75 B/ B RK DA RF R A B RS A R 2. [
BF, A NG 7 B A 4 2 R C BRRER e & i A2
PR, TR AR I K 22 52 I T e 1R A0 IR A
g O GG RIIE IR R, AR C AR
e T 6 D A 5 e R s Y R AR P SR B 1

Bk AR AR R C AR RRIR R 5 FH 11 I 07 g 475 9%
7& Novozym 435, Lerin %% Y X il Novozym 435 i@
AL N S AT, TER & 5% S5, FISEI4E
R CHALE 67%. KarmeeZE ) 5 4L 227k A Al
FrAAIR A e E R, LA Novozym 435 Jig [l B f#
A, TERR RS R, SCEL4E AR R C AR R I A
B, MEAL RIS 80%. R kE, 5 At AE i
FgAHLL, Novozym 435 JIig Jlij s 75 45 4= 2 C AR A R ik
M T T B A — 2. SR Novozym 435 fig 1l
Bl A0 b B, AR S AL IR AR B IR e BT B AR
Po BEIE G AEE 3R CARMEIRR IR (1) KRS Tolk Akt
R I F A, 1R AR S R, X
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AT S e e ) A2 AN LR
3.3 H{EREHTEY

FERER MR ERSEAR, RARGEER
E & A B W AR & =0 W 2 P9 3 (%) S A A 41 1 1)
RE. HATRI 7 8 MRk, A5 a-4HEH .
P-EBE . p-EE® . 0-AEFWMMa-LE = .
S-HEB ZIEE . - B SIET . 0-AE = U,
Hrp, o-EEMm & ERFE HiGthEe, EE P
el ZREMEIRa- LB . 44ERE (a-EFH)
HA R P s, Btk o a8, +5
AR F Az . Tk b, @ H4Ed R ERRL
FRAEA R EATAEY, EREAEA R EEDEERIF
I 3G o HASE M, $h T8 LN HVE o w4
EREMAEMRAELERZERIE, hndgid R EBSR
Be. 44K EBRIIMREG . dEE R EMBRES . i
R ERF RIS

e R ERRRATAEY) — B R G il 2
HADERE G BRI B ROR =T BA DY Xf
be 7 i 3 b 2 B e AT 4 A2 R B R AR A AL TS
P, RICRIR T 4 F R £ B 8F (Candida rugose)
(1) N 107 B CRL B & PRI, 4 A 3% E A5 AR IR R 1Y)
i 10 0 26 34 31 28.37%, /& Novozym 435 1] — £ .
JHEE A A VR 3% B R I A2 1 1 4 {5 Novozym
435 JIG 1T, R IAB M IS (1) Bl AH LU 5 46 16 R 50 4 1
AL E AR 2R E A A R BRI NS, Ak U Rk
94.4%. X LLHF TN BV G B4R E AR ER ERAE 1
B, CRRH REFH TR HE .

4 REiHRER

B AR 9 R AR ME A TR, oo 42 4 K i
A DASE I A SR . i B B AL R C A AE
) AT BRASESAGURAS R T N
A% SOOGS0 R s DT VR REAT T A
GRS, o HOEGE WYE AR AT A A
W R RIBEEEALREAE T HAT, Tk EEY
2 A 2RI B A R i A AT 2 5 R 1 T
AT, RS REEDIMESEARS, A%
Bl 2 A= R B M 4E4E K By T 4EAE RATAEN T,

YErE R CHI IR BRI B AL & 1, HARATAEY)
Mo A7 B & BB A L SR A . 4 AR R I IR RAT
AR R 2 HA R A2 & %, (HEEAEL
5 CIB WS AR AR AR A RS, A e
ALV A, IR R ARRRIR IR . 4EAE R C
PRAIR G 5 o AN SO BB % R Yk B K HATAEY)
RIBE & RS LR T4l (R 1D,

AT ol b N ) A EOR AT 2 A )
REEMEDMEAL . V)R TR H br 2 R R AR AT
PG, ERTTRME Y IR & A A b
I AE DAL 2 A B B 55 [ 5 1 i A [ 5 16 4
B A REALT & AL 2 o X T REEE R AR =)
Fetndi 4= % B, 4EE & D,, HRAE BSOS AL
WRE 4, ZEAMMEY RKBERLE™, BHhRER
5w R0E BUBE JT T AR o X BT X R kAT
KT LSRR R TAED NG, T2
B U LR TR B P, PR R B, A
RO R, B DU Rl U7 B AL
AR Z AT S TT . BRI B RN T
Bt P B AL 2 S R N B B 2. S Ak
M, B (AL B AT A& REORF IS, i
RBLZEAFRAN . et BA OG- ik %
P IR HAEYIRKBEALL, B AL
AHMEFL S OMRKBUEAE, £V e E
s QA SR A By S2 Ve A A SRR, Xt
JRAIREE AL R AR S Va BB, Wik A HLAR
E T AR, OB AEAEL, Wi
SO0 Je LI e A A, R SE L Tz
Mebth HiE 2 AE 2k BEMEE L, HE
SR I PEAE AR JC R 2 TR TR R A 1 i A
WA A T, 0 7 N IR, EAEDA
P A SR A R A TR N B T, AR
THFT T AR L. AR, BRAE N — A Skt
A, R AW R, B AE Nk A T
SRR

Wi AR 5T Lo — R AR K90 1, T I I 2R A A
L5 2R SRR LSS 2 A R R HE S
M A TR R 45 5 R UR N B A 8 Ak S L
W P REEE N U 3 A A R T D
Ak BT SR O B T A W TR A SN
TR NURE 2 S5 BRI 5 2 Il 45 7 0L B 3 7) 2
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R SRR NI L ROREL A RS B
Tab.1 Enzymatic synthesis of various vitamins and their derivatives
drbm Aork REA AP IR R Uiwiwi| Z2E R
YHEEB, e KAl MG 5 1A Tt 2 W R, AR VR AN E SRR A B9 S R A BERY [30-31]
EEL 75, TSR IE BN A, O TR
SEPL kAL
$eEFEB, A+ BE/KfERE R DL-IZfRER A BRIIIR 7 PR A G E iR s FE R K MK AR A [37-38)
L A RIRAGE I B R O E 100%, T SE 9% A B0
LAl o B PR 25 () A1l
AN, i 4R T A A e
P-NERRFIBHGE G SR ZAEEAEAVE, il RA IR ) B0 AR H] [44-45]
HREARR G WA E
LR A RRL AR, il
R AR Bt PR I R 6 R &
SR T I B- TN TR 5 B L%
i A R & =R R & -
PR B R A& H IR
B A AL I R 5 R - T
flRE s Tk ik
Yz C R 1 J5t L AL D- 1 BEEE & R L- DAl B SRR YR BT ST SR T R AT B B [51-53]
IS PREGIE BT 2P BRiE & R ) Sl A S5
RBHEAET WA TR FRAIFL R [55-56]
R — R
R D, b+ P450 MEACYE L 3K D, & O BEROSRIG (IR VEAC, M w5 0E I PAS0 B R0 97 0 AT it [59-61]
Yl P 25(OM) 4L % D, 3 Lo, HH AL ZAT
25(OH)4EAEEK D,
R RBEE el ik i MY E R ABNIR G BERRE e 2 s EE e E A L B R AR [67-68]
i il A R ) 2 AE 1 A A A 2 i 1 JER A0 D8 7 i 52 25 ) P
il R oD R DA B Bl TR AL (R R A 0 AR ClE [98-99]
T 7T A2 1) 5 MEZRERE [101-102]
B C ML MEREREE. MR CRUERGE  BEOMLIEMEEE & Wit R LRI R A2 [86-88)

2R P A

A R L 4 2R 2R C T SR B A A 1 (0O ek 22l ) g ) O A R X0
WP TR IRIE AR

B SRR, K 9 g 0 SO SR B A M IR . g
Lol TRE S B A R XA, K AN b 4 30 i 1) Y
FORBEHEAL T AT R AR o
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