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Research Progress of D-lactate Dehydrogenase for Diagnosis
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Abstract D-lactate dehydrogenases (D-LDHs) are an important class of enzymes that differentiate lactate dehydrogenases according to their
structure. In this paper, the source, genetic engineering and immobilization of D-lactate dehydrogenase extracted from different microorganisms
were summarized in the research progress of D-lactate dehydrogenase, in order to provide theoretical guidance for obtaining high-quality diag-

nostic D-lactate dehydrogenase.
Key words

DL IR L UG LLSAAL BLAT G 1 (NAD™) /34 Ji L 1
(NADH) V& Ay it , ] LA ] 306 A 480 f0 LI AF i PN T IR , AR
Pk — S S B D—FL R SRR 23 A AU R AR ) it b
Iz FEIR RIS W D-FLIR I S MR R T T A E R
SR N EMREIE R R s T
il SEL T v ) S TR, T AR I 0 1
Wiz,

P R PERE A OGS T R B Y BT i, 110 T HL A Y A= 7
T2 F BT A R A SR R, B T2 g A
B2 25k VR e Wy TG % B AR IR & — 1k i
H B PEE P R BB 52 90 L 58 L LU TG P A Al &
RAEBRS O T g m T B TR, e e A
PR R R B A R B T2 RGBS B AR, LI
Ftp i) 2 A A B A H FiTRE A 5 PR T AR T BOR AA Wy
JEA 38 e DR S, BB A A v B AR A 7 e DL S
BEEPET . S0 T k0 R T PR B DA B i T HL il
T SORE o U A 149 8 FH 30 5 Al 1 A AR R 3K B R o 1Y
SR e T B AT B o] st i — 2 o XL
% it 2V AR 2, PR 9D 22 B A 4 5 HE R i P W LR
RS IR R 2 , BRI A B I AT T TR AN
A, of - B AL T FH LI 8 14 [ AT 5 A e
T HREG D-FLER M SRR BT F I B A S8 M D-5L
T2 o S () A U D] TR DA R T A B i 7 TR 2538 T D-
FLIR N S BT
1 D-ZLEA S EEHISKIR

FLER Bt = i ( Lactate dehydrogenases, LDHs) # B4k A=
LR BUAN[A], vl LR 1 Ut 20 D—FL R I Ut ( D-

EERN FHER(1990—), 8, W R FdaA, TRF, ML, AFLH
BBt o, + AR HAR W AT AR, ANERAY
ERRM B

WimBHE 2021-03-18

D-lactate dehydrogenase ; Source ; Genetic engineering ; Enzyme immobilization

LDH) Fl L-FLR2 Mt 20 (L-LDH) , 73 5 A P R R 2E i A D'
Sl D-FLIR A L-SLi . SLMI AR 2 e T
E YIRS A L AN R R B LI Mot S il 2 o 2
SRR AL B LR i 4 2 R
FRIRE LR I U 3 T L-FL R &, A DT h
HEShEA D-FLIR A7 5 G B W ok P 2 B P LR I
AR S L R FLIR N A AL D R FLIR N A, fig
B8R LR MOt S () 2 ) AT ST TR I AR R L R
[

] AN [R] G e 4 B D — 2L 1 o 2 1t 1) BIF AR G
1972 4 Purohit 4" M 57 7K 55 T i 2% 58 T b v 43 545 3
T D(-)-FLIRMERE , RGN 48 D-LDH #4753 &5 4fifbny iy
POLER IR L BT AR A R R AT TR AMESE, IF &85 6
AN RAR A A5 B AR P e 456. 99 U/mg, Busto 25 %
KIAFFBH D(-) ~ZLIRR I S0 3h 1 0 B A T ae , & 3
JEALBFTE R D () —FLER I AR S RSN TR D(-) —FLER IR
ARG R BEES W RKAFF T D(-) -ZLRR M
SFEAN R 25 PF 1 B AR A T AR . Ma 251 )\ 1 4y
B stutzeri IR, X5 AR 1 L-ZLIR M A M A D-FL
PR I SR TG P EA T T AR, A 2 2 b ST (ARE S NAD—in-
dependent F| 2 it & fiff (iLDH) BY7G 1 , F2 B stutzeri SDM A 77
TE 2 A7 0 , Ay DS T b AR B DL 2 i S g A A1k
TAlfEtE, Satomura 25 ) 7 Bk tokodaii R B R IR T g
IR S. tokodair Je Bt D ~FLRR I & 1, ixX & —Fp
BIHLY) FAD A D-2LIR i 20N , 28 2 Jig 0 43 F B 200
93 kD, J2& i AH [A] W % 21 b i) R UR SR 4K, o F i 29 00
48 kD, FFHE T HILRF, [F4FE Mourier 45 B 58 T 12
PR TR BEZRORLAAR D —FLRR I UG 3l 1 2780 , iE R 1L D=
FLE AR BT AL SRR RR LA T IR IR 1T LA R A
PRI X R R AR B T T e . miTl
Xof T DL 5 S AT 2 DU =5 B D8 s il 1 7 1 DA R i



12 B A

2021 &£

TERBFE " BB X T2 WA D- LI AU 5 oK
N, Kim 452 3ot 57 FRFLAT B8 D—7L IR At S 14 IR 454
FEAT AP BTHEAT T RIS, BRI T — Tt e il 14 D— 2Lt
AU, FE M A 54.5 °C i i T Y I TR ) D-FLRR
JB UG (42.7 °C) , WIE & i TR E PR S &, SE A F) T D-
LDH 7EAARAMZ Wi o 4 i o
2 EHNIREINE

TEIER A A, i T H N ARG L H R, 2B
VRN S A DR il B AT PR o ik PR AR 18 1o T T ROk
L e ) M T A 7 A, SUBE A PR RE L 7 R 1) i P Y8
AR 3 5 G 1) 36 1, LAGK B4 - i B . A M Ber-
nard 457 VARE T S L. bulgaricus SEPHALT D-FLHRI
ARSI (IdhD) 1 588 7 51 DA, D— 0 1 1t S0 i 1 5k PR i
TEFFEARZS A% D—FL R 1 0 Ak X T AR 1 TR R e H
B LT 3 T 3 45 TR, 2R 6% s
R SO N Lactobacillus sp. MD21 Bk ik 31—
194k D-LDH [}5EA IdhD , 35 2 it (14 2 11 BT (1 — 2 45
FIFEAT T 020 53 B, J8 5 LR A 1 L - LR I L il 5 1A
(ldhL) 2% T3 vk AR MR 4l B2 1) D—LDH,, {H K 2 80K HoAl
B D—ZLRR I U0 FE R E R T e vh 255, 78 20 14l
90 4EfC WA 24 4% G ts Lactobacillysplanta—rum™" | Lactoba-
cillusbulgaricus[m 1 Lactobacillushelveticus™ & D—-LDH ) %
ldhD SAKIAFF I P HEAT T SE Rk Arai S5 bSO
FUMF I JCM1558(ATCC 8041) FLIR i 2 B /A7 € s 98728, H
KA 101 (A IfZR (P10IN) ,P10IN RELH ™
12 W R S | X 4 TN T T A A T R X 50, 80 42 iR
BN L3k 3] 480 U/mg; Yang 4™ #% 7 D-LDH &
HRIHFFRERE, 8 D-LDH B IG5 55 1 10 A5 0L E, 404
TSR AR PR IE T RS I . BEHEEAE S R PCR Y
J5 B AR ZLAT AR LRI 20 DNA 38 3 D-(+) —FLR )5
LRGHE R 1dhD , IT 7% 45 B 3 4A pSE380 I+, 1 3% 3k BkL
pSE-ldhD Y20 itk pSE-1dhD FeAb KtT i BL21 (DE3)
RS PTG 55335k, SDS-PAGE ik 73 HrR ] 1dhD
TERWAFFE S T 2k, RIR Wi 43F- 5242k 37 kD, il
TR ALY D-FLRRIE UG 14 5.4 U/mL, Mu %5 5
W 1 RE TR/ NERTE DSM 20284 1) D—3L IR i AU 5L Y, R 7E R
JAFT R A, A R BRI Z M atiAk 76 30 C Al pH 5.5
MIAAET R R (PPA ) % 4k 3— 2R ZLIR 3805 05 i
PPA FIPR B 2 355 25 L 3550 140 i 422 U/mg, R T
%[35] DU 5585 1A EC i ( Klebsiella pneumoniae ) 52K 2H DNA
i, sERE Y D-FLRR M S N 1dhD K G HE R FRIK 4]
& pET-22b(+) kL |, ## pET-22b(+) —1dhD =20 Bk,
Kl 2528 100% 1EH 3 4 AT pET-22b(+) —1dhD 4L 3]
KWFFEFRIBE R BL21 (DE3) il i 2R & R BUik ik
i e AR AT IE BL21(DE3) —pET=22b( +) ~IdhD JE K T.
FRE . Jun %0 G T 3 BRSO E AR ICFLFF A D-LDH, i
TP, T b ERik, Hoh D-LDHs (D-LDH3)
BREAER R E (50 °C) A IEF R AR E 1, 25

26500 1o T A ECFLAT I D—PLIR I S K AT 1A
HNRIK Bl IR EE R 45 C, BAT SR R B e A A
7% 47, Huang %57 @5 3L T#5% D-LDHs %58 (1db0101
1db0813 .1db1010 ., Idb1147 F1 1db2021) #% FE e It id £k K H
pUCTS AR KT TE JM109, F-%5 45 31 1 T e 4 15K
{H A B e T LR I S Y 7% 1 A LR 1Y BE ) . Nakano
S8 S TR S, laevolacticus D-LDH (3% ¥ , 5% 58 /5578
A7 IR IE P 285 57 1 s A O 7 4 AR PR AR
F WL S. laevolacticus D-LDH ) Ala234 J&—E 3
GAIERRIR L, X AL TG AT R B 0, XL 5E 2 & D-LDH
T75L/A234S [EFAE 7 D-LDH #2755 T 6. 8 ff5, JL N T #ek
T 1) D=L R M S Tl ik PR 22 BT R I T b R AT v B R
K, KIGHFFBEAE R B TR Z AR HA 5 T e st e 15 5%
THAE  HARFE R RIBIKT Rk R A TE B F L, (H e
ldhD F¥3 3541k D-LDH Sl d4 RmFF s K™
3 IBMBESEREEL

Tif [ 5 A 5 v SRR N B S E TR SR bl HORBE
MRS B v o e 125 14 LR It S I8 A 5 o o7 T v A7 5 T
PR 55 (B A i R BTN RS A5 SRy R, [ TR e
AR i EHE A B PERE A R IR GX S R PR . [ E Ak
AR P 2 A A AR R T Ay i e L R
TP B AR g Ak ek
255 o A AN ) 4 B A 4 8 R AR T i 5 A
Ty AT T HGE , JF A R B A UL AT T TR LR,
TR AR T 1) ] A | 2 M [ AR A R e [ A
TP T RIS XL G A S 1 R I R A A
FEIEATXF E AT A [RI I, 32 1 T 8 s —A HLHEZE A KL (MOFs)
FNILAN A HUHELLRT A (COF's ) VR Ay 28 A4 1 T 30 it 1) ] o
e

H R T SLIR I S0 4 18 1 5 A AL Ge 7 A BT
itk MBS P B ik R A e P A5
=, FL7E 1988 ﬁiﬁ%‘f'ﬁ}f@“ﬂ FH CNBr 154k Sepharose 4B i}t
17 TR E A, 38 5 2O A T2 W i FLRR I S
Bt PERRA PR E My T A AR R B3 i  (H S ) [l
AARTRAR o W B ¥ B S L 2% IR R 38R B A 5 75 S5 A
B, TRV R X BRI A3, Xk SR PR B £ i )
DAL RIS IS Sy s v [ 5 AL LR B S B A T 207, 0
TR IATIE 12051k DA S (4 £ B SR BIF 5 48 A 119 2 1T %
PN B A5 R 5 T P 1 O AR, 0 S T M e v O 54 5 kA
R 1 LA MR PR R 7 Ay LR I S ( LDHD) 48 F) B SR
FEST T LAGN K B Pk 7 SRR ( magnetic chitosan micro-
spheres , M—CS ) Sy a3 (4% [ 1 P 7L R Mt 08 ) Jr 123 [ A B A 1
BAF I RCR  UEW] T W B T LR I U BT ) T A7 o
SEWAGE A 61 22 T W LA R 5 0 v e 3, o e 22
VARG 58 S R 3 A, 8 — TR A Ry S BB A5, 4o 3L R it L it
(LDH) #4786 7€ Ak, 75 1 fcilh 25 8 1 MR B 6%, pH
7.5 EROEIRINTR] 2 b Ff0) [ E A BEEA T R RESOIE , 7628 Ui
TR N 6 W, 1 AR 60% L L, B



49 %23 19 B s

#u7 A D-SUE I A BB AT 7 13

P AT B A IR E T AP AR PERN R HIE

WA D—FLI I S AERT 1A 11 R J7 1 AN 2 AT AR AN W
B, 7 LR M S ] R A T I TRV REHEAT 1B PR IR AR
A P S R A1 o 28 A [ P 20 il LI M
Bt R 04T [, SC B 1 22 R Y B 8 52 Ak, 75 21 A [
TEAL =TT A 2R G Y TP AR BE ) D R 90 S Tl AR SRR 4
o JERFESY DA/ hesk = I SR 40 8% (CATB) - ¥e k-
Pt S AR AR 0 LI G S0 ( LDH) 34731 7 £k , SR B R
TEXTFLR I R HEAT [ 5 , 45 % 1L LDH HAT BAF i #4
T oW e ™ o S AV AR P AL B ) 2 R 38—
AN 7% 07T LA ROt B R LDH B RASE . Zaboli
S5O R U E T B N K A R R D RE AL BR A0 K A 1 i
DR i SURE2 W i ) U, X203l 1 e it AT TR
WH9E, AR R B, Zid 207 5 52 1) D-FLRR i A B
AERIETZ I E T LT Tolkfbe & T8 B a4, Ma
AT SR T A RURETR A K A B 2 R B R A
PR T5 75 8 5 A SLIR DL U, 1207 125 B A R i s o 3
Fen A A (o P H 3% 07 126 1T AR E i) 52 5 B4R LDH it
it W E R T 61. 7%,
4 RE

B PR IMS WA Tl 8 5 S A R, 12 W7 I ) 7 R ik
R, T PR 22 12 W PR P4 M 2 11, 2L <
Ve —FhAR S B2 I T, 7E RS M2 W s b iz A
W RN L- FLR B S A D - LR I Sl 24 A 1
F A LA D-ZUmR b S S 22, h 3 5 A W K Y
JriEARHU) D-LDH (YRR AR 5w, B 5 TH4E , I iy
A= il o Z2BOR ATZ D5 5 AT R IG T L-FLRR M =l 22
MIFLEI AR B I AR BCEOR A T 282 2% it
S AR AR D-LDH {55 5% 2~ 8 °C L =i Bl n]
SEPLRIIRE AT , 1T NSl AR A A BRI L- LR L U
W)t BEAE-20 °C ol AR AR L REA TR AT, X S PR A2 1)
7 R 2 T AR KRR

TR A TP A1 5 AR YRR 5 75— i
T g A7, Z RS OUT , HARYPR A A 2 025 P A il
R P, PRI 0 B R 10 T Al 5 A O e R Y
PRI AR BRI G , [ M R i A2 TR A R
it TR ARORARI . 3 11 DRI U 18 AR I
2R MRS EVE DT T A I i P i A o) F 94
b T AR R R S SR FH TR A8 P9 7 32 X AR I i A
I8 7, TG — ST 14 T A6 i 0 ] A B A g R, %o T
Bl S PR RE RO B THE RIS nT Z 04 T, H i a2 W
MRERAS HE IR, SEHE BERRL - e 1 DU A R A
Il PRV T2 W8 T A4 0 58 A — 287 AR R IR AT R
Kz
S ik

[ 1] SRRMIT, 2o R I R B B e S T S S R T
[ Ab2#{57),1991,13(2) ; 111-114.
[2] SCHUMANN G,BONORA R,CERIOTTI F,et al. IFCC primary reference

procedures for the measurement of catalytic activity concentrations of en-

zymes at 37 °C. Part 4 Reference procedure for the measurement of catalyt-
ic concentration of alanine aminotransferase[ J]. Clinical chemistry and la-
boratory medicine,2002,40(7) :718-724.

(3] 25, vh s, BV, 5. DGR ) B R e s s G G CBS
A CBL BYFT R MR G EIRR L) 1. i E A= TREAR R, 2017, 37
(2):81-87.

[4] BERRY M N,MAZZACHI R D,PEJAKOVIC M et al. Enzymatic determi-
nation of sodium in serum[ J]. Clinical chemistry,1988,34 (11) 2295~
2298.

(5] D, A 22 1M PR ST e R [ ] PEILEIIEE 2k, 2000, 21
(1) :57-59.

[6] Bl AR, 35, AEVMEREIE W BORFFTERIR) ], SR T29 550
5#,2020(4) . 116.

(7] S, Ve . FURR R I SR e [T ] i T
PR ,2016,37(8) :369-373.

[8] S, HUedek, VT FURRINEINAY 7 B A N HAR S R T iR
IR LT ] A TR ,2018,37(12) :4814-4820.

[9] RICHTER N,ZIENERT A,HUMMEL W. A single-point mutation enables
lactate dehydrogenase from Bacillus subtilis to utilize NAD* and NADP™ as
cofactor[ J ]. Engineering in life sciences,2011,11(1) ;26-36.

[10] e i, Fk. mnal B oW LRI SR A &8 Rl e Sz

[J]. Bl S AR A1, 2005,24(6) :38-42.

[11] SIMON E S,PLANTE R, WHITESIDES G M. D-lactate dehydrogenase.
Substrate specificity and use as a catalyst in the synthesis of homochiral
2-hydroxy acids [ J]. Applied biochemistry and biotechnology, 1989, 22
(2):169-179.

[12] CRISTESCU M E,EGBOSIMBA E E. Evolutionary history of d-lactate de-
hydrogenases: A phylogenomic perspective on functional diversity in the
FAD binding oxidoreductase/ transferase type 4 family[J]. Journal of mo-
lecular evolution,2009,69(3) :276—287.

[13] AL-JASSABI S. Purification and kinetic properties of skeletal muscle lac-
tate dehydrogenase from the lizard Agama stellio stellio[ J]. Biochemistry,
2002,67(7) :786-789.

[14] YANG G,JING C X,ZHU P X, et al. Molecular cloning and characteriza-
tion of a novel lactate dehydrogenase gene from Clonorchis sinensis[ ] ].
Parasitology research,2006,99(1) :55-64.

[15] LI L,SHIN S Y,LEE K W et al. Production of natural antimicrobial com-
pound D-phenyllactic acid using Leuconostoc mesenteroides ATCC 8293
whole cells involving highly active D-lactate dehydrogenase[ ] ]. Letters in
applied microbiology,2014,59(4) :404-411.

[16] LI SN,LI S L,LIU C Y,et al. Extraction and isolation of potential anti-
stroke compounds from flowers of Pueraria lobata guided by in vitro PC12
cell model[ J]. Journal of chromatography B,2017,1048:111-120.

[17] PUROHIT K, TURIAN G. D(-)-lactate dehydrogenase from Allomyces.
Partial purification and allosteric properties[ J |. Archiv fiir mikrobiologie,
1972,84(4) :287-300.

[18] ZHENG Z J,MA C Q,GAO C,et al. Efficient conversion of phenylpyruvic
acid to phenyllactic acid by using whole cells of Bacillus coagulans SDM
[J]. PLoS One,2011,6(4) :1-7.

[19] ZHU Y B,HU F G,ZHU Y Y et al. Enhancement of phenyllactic acid bi-
osynthesis by recognition site replacement of D-lactate dehydrogenase
from Lactobacillus pentosus[ J]. Biotechnology letters,2015,37(6) : 1233
1241.

[20] JUN C H,SA Y S,GU S A et al. Discovery and characterization of a ther-
mostable D-lactate dehydrogenase from Lactobacillus jensenii through ge-
nome mining[ J ]. Process bhiochemistry,2013,48(1) ;109-117.

[21] FURUKAWA N, MIYANAGA A,TOGAWA M, et al. Diverse allosteric
and catalytic functions of tetrameric D-lactate dehydrogenases from three
Gram-negative bacteria[ J ]. AMB Express,2014,4(1) ;1-12.

[22] BUSTO F,SOLER J,DE ARRIAGA D, et al. In situ behaviour of D(-)-
lactate dehydrogenase from Escherichia coli[ J]. Archives of microbiology,
1984,139(2/3) :255-259.

[23] MA C Q,GAO C,QIU J H,et al. Membrane-bound L-and D-lactate dehy-
drogenase activities of a newly isolated Pseudomonas stutzeri strain[ ] ].
Applied microbiology and biotechnology,2007,77(1) :91-98.

[24] SATOMURA T,KAWAKAMI R,SAKURABA H,et al. A novel flavin ade-
nine dinucleotide ( FAD ) containing D-lactate dehydrogenase from the
thermoacidophilic crenarchaeota Sulfolobus tokodaii strain 7;Purification,
characterization and expression in Escherichia coli[ J]. Journal of biosci-
ence and bioengineering,2008,106( 1) :16-21.

[25] MOURIER A,VALLORTIGARA J,YOBOUE E D et al. Kinetic activation



14 B A

2021 &£

of yeast mitochondrial D-lactate dehydrogenase by carboxylic acids[J].
Biochimica et biophysica acta,2008,1777(10) ;1283-1288.

[26] KIM S,GU S A,KIM Y H,et al. Crystal structure and thermodynamic
properties of d-lactate dehydrogenase from Lactobacillus jensenii[ J]. In-
ternational journal of biological macromolecules,2014,68:151-157.

[27] BERNARD N,FERAIN T,GARMYN D, et al. Cloning of the D-lactate de-
hydrogenase gene from Lactobacillus delbrueckii subsp. buglaricus by com-
plementation in Escherichia coli[ J ]. FEBS Letters,1991,290(1/2) ;61—
64.

(28] =01, JH, JERCE, 5. D-FURaln AL A w2 S HARA [T ). =

47,2004, 44(4) :491-495.

TAGUCHI H,OHTA T. D-lactate dehydrogenase is a member of the D-i-

somer-specific 2-hydroxyacid dehydrogenase family. Cloning, sequencing,

[29

[t

and expression in Escherichia coli of the D-lactate dehydrogenase gene of

Lactobacillus plantarum [ J ]. Journal of biological chemistry, 1991, 266

(19) :12588-1259%4.

KOCHHAR S,HOTTINGER H,CHUARD N, et al. Cloning and overex-

pression of Lactobacillus helveticus D-lactate dehydrogenase gene in Esch-

erichia coli[ J]. European journal of biochemistry, 1992,208 (3) ;799 -

805.

[31] ARAI K,KAMATA T,UCHIKOBA H,et al. Some Lactobacillus 1.-lactate
dehydrogenases exhibit comparable catalytic activities for pyruvate and
oxaloacetate[ J ]. Journal of bacteriology,2001,183(1) :397-400.

[32] YANG Y T,SAN K Y,BENNETT G N. Redistribution of metabolic fluxes
in Escherichia coli with fermentative lactate dehydrogenase overexpression
and delelion[]] Metabolic engineering,1999,1(2) :141-152.

[33] wiriflie, dvd e, e, 55 SRR UATES D-(+) —FURaln S AL A
ﬂ’]ﬁlfxﬁfj(ﬂ%ﬂﬁﬁﬁ’]% [J]. A R, 2010(12) : 196-

[30

[t

[34] MU W M,YU S H,JIANG B, et al. Characterization of D-lactate dehydro-
genase from Pediococcus acidilactict that converts phenylpyruvic acid into
phenyllactic acid[ J]. Biotechnology letters,2012,34(5) ;907-911.

[35] Rz, Eakde, s, 5. 7 e s (FIPRRR DRl =R el

NHARIGFFRE R RRE ] b TREEHR (BRI,

2012,39(2) :79-83.

SR, ARG, ERREL 5. SR BRI BTN D-F BRI S

IR HETTTTL ) ] At , 2015,42(3) :460-466.

[37] HUANG Y N,YOU C P,LIU Z M, et al. Cloning of D-lactate dehydrogen-
ase genes of Lactobacillus delbrueckii subsp. bulgaricus and their roles in
D-lactic acid production[ J].3 Biotech,2017,7(3) ;1-7.

[38] NAKANO K,SAWADA S,YAMADA R, et al. Enhancement of the catalyt-
ic activity of d-lactate dehydrogenase from Sporolactobacillus laevolacticus

[36

[l

by site-directed mutagenesis [ J]. Biochemical engineering journal 2018,

133.214-218.

BUNCH P K,MAT-JAN F,LEE N, et al. The ldhA gene encoding the fer-

mentative lactate dehydrogenase of Escherichia coli [ J]. Microbiology,

1997,143(1) :187-195.

40] FPRAES VO HER, D3N, 5. Wi il PR AR S i F it
FE274,2018,34(2) :188-203.

[39

[

JElJ]. A= T

[41] YUAN C S,LIU S M,WNUK S F et al. Design and synthesis of S-adeno-
sylhomocysteine hydrolase inhibitors as broad-spectrum antiviral agents
[J]. Advances in antiviral drug design,1996,2(2) :41-88.

[42] NELSON J M,GRIFFIN E G. Adsorption of invertase[ J ]. Journal of the
American chemical society,1916,38(5) :1109-1115.

[43] WANG X,MAKAL T A,ZHOU H C. Protein immobilization in metal-or-
ganic frameworks by covalent binding[ J ]. Australian journal of chemis-
try,2014,67(11) ;1629-1631.

[44] s, PNFSAN, EATE, 5. Bl AL B (A N 8 8 50k i et
[J]. 7446 T,2021,48(2) :60-62,78.

[45] SCHOEVAART R,WOLBERS M W,GOLUBOVIC M, et al. Preparation,
optimization ,and structures of cross-linked enzyme aggregates ( CLEAs)
[J]. Biotechnology bioengineering,2004,87(6) :754~762.

[46] CZYRKO J,SLIWIAK J,IMIOLCZYK B, et al. Metal-cation regulation of
enzyme dynamics is a key factor influencing the activity of S-adenosyl-L -
homocysteine hydrolase from Pseudomonas aeruginosa [ J]. Scientific re-
ports ,2018,8( 1) :4476-4480.

[47] YUAN C S,SASO Y,LAZARIDES E et al. Recent advances in S-adeno-
syl-L-homocysteine hydrolase inhibitors and their potential clinical appli-
cations[ J |. Expert opinion on therapeutic patents, 1999,9(9) ;1197 -
1206.

[48) BRI I IR 5. FE AU S E IR L ). i
Txh#,2020,18(1) :88-95.

[49] 220 i ERRL. [EPE AR SBRIRTTL ) ] A= TR 717, 1988 4
(1) :70-72.

[50] TR, BT, 2L, BRIt ENmEIER X R 7T ].
YRR, 2003,22(2) :56-59.

[51] WHIRA. FLERN SRR & ML EE (R D ] Kb Hh
2008.

[52] B2 s, M. S SR Ikl E (LRI SO ) M e
WFELT]. ShTRls441R,2009,25(5) :571-574.

[53] TRf8,BE—0, RIELE. Sl sURaRE L ) A i U7
G L) ). AR T2 241, 1989, 15(4) :436-440.

[54] O RRE Y. ROBCR SRR SR A0 (sl 2t B
FLI]. TR, 2008,24(3) :280-282.

[55] M5, BN, Lo FLERI SR E CTAB- RS I R IR AR i e
WA R ] RIS AR (B ARIERR) ,2012,31(3) 110
-13.

[56] ZABOLI M,RAISSI H,ZABOLI M, et al. Stabilization of D-lactate dehy-
drogenase diagnostic enzyme via immobilization on pristine and carboxyl—

B R,

PRt R A

functionalized carbon nanotubes,a combined experimental and molecular
dynamics simulation study[ J]. Archives of biochemistry and biophysics,
2019,661:178-186.

[57] MA L J,WEN J P,LU W Y et al. Efficient immobilization of lactate de-
hydrogenase in biocomposites of double-walled carbon nanotube-doped al-
ginate gel[ J]. Enzyme and microbial technology,2008,42(3) :235-241.

[58] =5 MRUL. AR EE MR N AT R T ]. T INIE T, 2020,
48(9) :22-24.



