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7% [4 R ] SsMlaseA 5% A Z 305 (Thermobifda fusca) % B 4 D-H 545 74185 Manl 480004 5%
2, H 60.2%. ZBIEEE ) 525 U/mg, o FE4H 45kD, Ri& pH ARE A H 7.5 F2 45°C, 1
pH 6.5-10.0 5& B 1 Fm 45 °C vA FARFAGE . Z BT H EME B A R S EN, LAZRE. BT4E
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Characterization of a D-mannose isomerase from Streptomyces sp.
and its application in the preparation of D-mannose
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Abstract: [Background] D-mannose with many functional activities has been widely used in food,
medicine, feed, etc. D-mannose isomerase can catalyze the reversible reaction between D-fructose and
D-mannose, and has application potential in the enzymatic preparation of D-mannose. [Objective] The
D-mannose isomerase gene (ssMlaseA) from Streptomyces sp. was cloned and expressed in Escherichia
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coli, and its enzymatic properties were studied and used to prepare D-mannose. [Methods] The
D-mannose isomerase gene (ssMlaseA) from Streptomyces sp. was cloned and the recombinant expression
plasmid pET-28a-ssMlaseA was constructed and expressed into E. coli BL21(DE3). After purification by
Ni-NTA affinity chromatography, the enzyme properties were determined, and the preparation of
D-mannose from SsMlaseA was analyzed by high performance liquid chromatography. [Results]
SsMlaseA shared the highest homology of 60.2% with Manl from Thermobifda fusca. The specific activity
of the enzyme was 525 U/mg, and the molecular weight was about 45 kD. Its optimal pH and temperature
were 7.5 and 45 °C, respectively. It was stable in the range of pH 6.5-10.0 and below 45 °C. It had the
highest catalytic activity for mannose, followed by D-fructose, D-talose and D-tagatose. SsMlaseA was
used to convert 600 g/l D-fructose and the reaction reached equilibrium at 8 h, producing 185 g/L
D-mannose with a conversion rate of 31%. [Conclusion] SsMlaseA as a new D-mannose isomerase has

potential in the enzymatic preparation of D-mannose.

Keywords: Streptomyces sp., D-mannose, D-mannose isomerase, enzymatic characterization
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Wb A A H R RS 2 (Rl AR B A . HRTC 4R
TE P 58 W R T SRR T A AT, A B R A
i(Pseudomonas saccharophila)™ . 7K FH 8 Bl
T (Xanthomonas rubrilineans)[lg] . FE o B AE
(Streptomyces aerocolorigenes)™ . U 4 HEAF B
N N /7B i
(Escherichia coli)*®, TEZ A #. M1 B (Pseudomonas
cepacia)® Ve, BRVERAR AN (P. cepacia) D-T#%
WS S pH KBNS ERIESNT, K8
D-H # i A REFE pH 7.0-8.0 10 il P A I i T Vi
S B D-H EE A e R BEFE pH
6.0-7.5 RFFEE ., ST HIEFFE (4. radiobacter)
D-H & WA EEFE pH 5.8-10.5 FARFE 3 h J55k4
BEHE TR 80% LA EPY . D-H E8 b S H Y
FRcid i B2 AR (30-60 °C), —RTE 50 °C AT H#k
R

H T RATE D-H SRS, 172 D-HE
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D-H && i St i S I8 R A i ey 1E £, piE vy
Il [K B (Salmonella enterica)™ . W& $ 24 71 B

(Agrobacterium  radiobacter

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



1932 (DGR ESTE(

Microbiol. China

(Thermobifida fusca)™ | #b ¥ i I
(Marinomonas mediterranea)™ . KJGF-H(E. coli
BL2D)P 61 D-H S0 S i 218 K AT
IR IA

HERS 16 (Streptomyces sp. )it —2S 5 2= [GFHVERY
LR H IR T, RS 2RI AE R AEEY . A
NEE RS T R A b & 4l — S DI RER RN R 1 F
41(GenBank &35 4 WP_123499006.1), Tl Ky
AGE B 5 5 M T 5 P85 1 G i 5L R ZE R A
wh Rk, PR ELEE AT, R T A R A
SRR AT R, DU T o i il v AR = e it
A
1 MBSk
1.1 EHRERKN

K E DHSa Fl BL21(DE3), 101 AR 4
ARONA]; FIRFAK pET-28a(+), Invitrogen 2 .
1.2 FZERFIFLE

519 EcoR 1 fll Not 1, A= TAEW) TRE(EIE)IBE
A PR Fl 5 Fast Pfu DNA RAW, Jtme44
WA T] ;BRI DIEEF T4 DNA EH:0
NEB Al ; 12 M EHNI-NTA), GE Healthcare
Al HER. B, JCaTFFERb A R A ]
SN E, B EBUE R BT HoAthas R o
Sy HTti.

MyCycler PCR H #h §" 1 1 . Power Pac
Basic™ I H yk{% . Aminex HPX-87C &4k,
Bio-Rad 2wl ; $4M] WA GG T, dbatibrim
HER AR AR ; AKTA EH4LARS, GE
Healthcare 23] ; o 80U AH {45 (High-Performance
Liquid Chromatography) . Agilent G7162A B/ 2245
%%, Agilent Technologies 23 F]

1.3 7%
1.3.1 D-HEREFRMEBERMTEMRE

¥ NCBI %48 /% (https://www.ncbi.nlm.nih.
gov/) P EE L A (Streptomyces sp ) IR R, K&
P — By AGE K TSR HE N (ssMlaseA)

(GenBank &35 WP_123499006.1), K% KEH
WA TAEY) TR () B A PR A G . R
Pe I FHIE R, Wil LSl Y ssMlasedF
(5-GATCCTCCGGAATTCATGTCAGCTGAATTT
AGTACTGAAAGGG-3")A T iif51¥) ssMlaseAR

(5'-GGATACAAGCGGCCGCTTAGCTCAGACGT
TGACGCAGC-3"), VL& LAY ssMlaseA LR A=A

#E4T PCR ¥°14, LUMETAES WY 5/ 372K 3 43 3]
i A EcoR 1 Fl Not 1 BEVIf S (T R4 #R). PCR
R Z (50 pL): S5xTransStart Fast Pfu Buffer
10 uL, . F#F5145(10 umol/L)4% 1 uL, #i4k DNA
1 uL, Fast Pfu DNA R4 H#(2.5 U/uL) 1 uL, dNTPs
(2.5 mmol/L) 4 uL, ddH,O 32 uL. PCR [z )W 5544
95°C 3 min; 95°C30s, 55°C30s, 72°C40s,
34 MEFR; 72 °C 5 min, PCR P2H148 1% IR 5L
WG TR & Ml slifb )5, 5RIREAAR pET-28a(+)
H EcoR 1 Fll Not 1 AUFFY] , #4221 5ok -5 AR
WAk DHSo H, i BHE 5 AL T IR 3R IUTOR
P4 ok pET-28a-ssMlaseA % A K&
BL21(DE3)H 37 °C ¥ 1%, PRI RV HEFD T
20 mL &4 50 pg/mL RABE R MY LB IR IASEE =5
H1, 37 °C. 200 r/min 3% 12 h YE MR P 4% 1%
FhFIREERN T 300 mL  FR R 55 5L vh 2 1 (A 5 i
ODgoo #bF 0.6-0.8 Z 8], JA IPTG ZLUKE N
1 mmol/L, 7E 20°C. 200 r/min 250 F iS85 .
1.3.2 =0 D-HFEEFHEG SsMIaseA BILE L
B R G MR FREET 10 000xg 5544 T &L
5 min, WHERKESTZMPHK A (20 mmol/L pH
8.0 [ Tris-HCI, 500 mmol/L NaCl, 20 mmol/L B
Mey, MEFEEEE 270 W, TAEMHE] 15 min, T
£ 3s, 15 45)J5 10 000xg #.0> 10 min, iR ED
S HBRR . KRR AT IR Z MR A P
Ni-NTA 14, #iiE 0.5 mL/min, FJf AKTA &
Haifb RGLifbE T, WHER 1 mL/min. 43 5F]
FAZh A FMZ M B (20 mmol/L pH 8.0
Tris-HCI, 500 mmol/L NaCl, 50 mmol/L BEmBE )
KEBFEOAMBPEAEN, B 5 MRS
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7 C (20 mmol/L pH 8.0 Y Tris-HCI, 500 mmol/L
NaCl, 200 mmol/L BKMAYBEME H A A, W
D-H #E Wi S A BTG 1 s A5y o TEBRERER 2% vl
(20 mmol/L, pH 7.5)"H &ML %, K SDS-PAGE
SR A
1.3.3 SsMlaseA EgiE W AIEB S EMNE

D-H B W BGTE 1 I - Rl R 6 2% vh il
(50 mmol/L, pH 7.5)MC e N 1% (FHARFRS>
BOWHEZEFIRY , % 900 L HEEFHIKY 5 100 uL
0.008 mg/mL BT 1.5 mL B0 hIARE,
TE 45 °C /KA N 10 min, 20 45 55 57 B
KI5 min K o F2 RSB G 0 (8 FHUARH ,
50 uL KiGJEERT 5 mL B aFIREH5, W
K8 min, BWHIZEZER, T 285 nm HPEK Tl
EWSEE, L1 mg/mL AR bR . D-H
72 Wi S A RS 1 PR (U)E N TE IR S R 4
SR FEAE 1 umol SARE PTG EE A T

FEESRIIE . B Lowry %Pk,
PLZE I35 25 1 (BSA) MARMEE 11
1.3.4 SsMlaseA 7T E2/INE

% F SDS-PAGE #: il Sephacryl S-100 HR %E/i%
1 VLA I E SsMlaseA 4> 11, SDS-PAGE
O3 WS IR LaemmliPOVi 5 v | v 4 e 143 B8 Je vk J3E
IR 4.5%F 12.5%, RISk R-250 4
o B IR R T IE E E AR T bR
HEEE 1 N H R 1 _EAE T EERA (1.0 cmx100 cm),
FH20 mmol/L pH 7.0 BIBEFRERZE M (54 150 mmol/L
NaCl)LA 0.5 mL/min B9 VENL, WEAEVENIE T
280 nm FEMWOGIE . FrAtEE S SR . #
i i (Lysozyme, 14.4 kD), o-fREEFLEHBEIR A
(a-Chymotrypsinogen A, 25.6 kD), IiER%E [ (Fetuin
from Fetal, 48.9 kD), - fiL.7E 1 25 1 (Albumin Bovine
Serum, 66.2 kD), B§ER{LF B (Phosphorylase B,
97.2 kD).
1.3.5 SsMlaseA BE§= 14 FRAYNE

feidi pH & pH FE Ml . MAHAE pH
(1) 6 Fh 2% thiB (50 mmol/L)EE il 1% (AR5,

T EDABE, 7E 45 °C FRAL 10 min, KA K
5 min J5 I E R ARG 770 AIAE (9 BT A 28 oo
[f] pH T 1 m B 1B R 100%, 430901154 pH
THAEXHE . B g oA R K pH JERINT A7
BEBRZE M (pH 3.0-6.0), BEFRZE i (pH 4.0-6.0),
WA Eh 22 vk (pH 6.0-8.0), Tris-HC1 2% ififk (pH
7.0-9.0), CHES Z& M (pH 8.0-10.0), CAPS ZZifr
W (pH 10.0—11.0). pH Fa e P B 2 A FiRA
Al pH 922K Z2(50 mmol/L )R AU FlIE 4
R PR BRI M B W EEAE | mg/mL DL 1),
35 °C A& 30 min, 72 EPVKOKIBA ) 30 min, 7
Bl 21445 °C, pH 7.5) F il 2@ 5RAEEG /1. IR
PRIRAAE T B BER IS 710 100%, 43 515
£ pH T AT RS T o

TR VR B R BE RS M - Bl pH 2 v
WHECH 1% R 0E, 76 A6 IR FE (30-70°C) T 2 i
10 min, #KBKIE . LUEEHE J A 100%, 45
SRR E T (AT TS o Y B AR T 1 DU
SR 50 mmol/L 2% Mg B fe , T [m) it BE
(30-70 °C) F %1 30 min, 37 B vK/K #3448 ) 30 min,
PSR S50 T I R AR ), AR 2 A PR 1
TG 7 R %t B 43 SR A TR BE ) B R AR T o %
WL S T B 4 e
1.3.6 ERBEFRULESYI SsMlaseA BEFiEI#Y
0

W 2 it v P A R 6. 2% v (50 mmol/L, pH 7.5)
T YRR RS B A B IR EAE 1 mg/mL DA
B, SAHEESEFAEAYEHE 1 mmol/L)
RA], 7E 35 °C TR 30 min, ~7.RIVK/KIGALFE
30 min, DIAHF S FRIMA S8 & F Rk &9
it R o B, 7 a2 T I SR AR TG ) o LAXS
WS 10 100%, THEA R 48 B TRk & ik
BN A AE X S R LU RS ) )R B A G
f245 Li'. Na", K'. Ba®". Mg*". Ca*". Mn?".
Co®", Zn™", Ni*', Fe’', cu®, Ag", Ba™", Cr',
Fe'". EDTA, SDS. B-#i:ZBiFl CTAB.
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1.3.7 SsMlaseA K45 7147030 B EHIN E

SBR[ BB (D-H &84 . DS . D-Ffsi
Wi, D-Blyg bl . D-EAEHE . D-EE P BE . D-IEAS M
D-#i%5 0% . D-"FEFUHE . DRI FN D-AK i) Fn —
BEGELAWE . IRPCZURE . & R RERE) A k)
e SsMlaseA B4 . FH 50 mmol/L pH
7.5 MIBERRERZZ vPIRIECH] 1% (R RO MAR
[, 7E 45 °C F N 10 min, W45 55 k7K
7% S min, I S RORAH TS (HPLC) /Al 5 7= 4
I RE , LA 4% B RN — B AR o S o SsMTaseA
XoF 45 B W0 I 1 0 1 8 SR Ry B i AR I W 7 AR
1 pmol AH L™ 4 Pl it S 10 Tl i

B 12w B . A 50 mmol/L pH
7.5 1 W R h 9% O IC ) A TR vk B R H #E
(40—120 mmol/L)F1 54 (80-280 mmol/L), F 45 °C
KPR N 5 min, &5 K T KHEE 5 min,
I R AR A oL T N 7 A5 SISk B G ) o 3l
i GraFit A TH K M Viaxo
1.3.8 SsMlIaseA 351k HEBEHE S HAIM L

ISR , 580 | Yk B ik Ak
Bfa] 3 AN PR 2 X D-1H #5 b5 544 il SsMlaseA % {b 23
WHRE I 152 o SEPEAN A N i (5-70 U/mL)¥% 1k
500 mg/mL [JRHE, RNIAR 10mL, 7E35°C T
R, AR E K K 5 min, I HPLC 4347
IREVA P H o i, B i . A
AR, DR M BE B B (200-800 /L) MK
Yy, %55 D-H # WA SsMIaseA fef% L H 25 b
1) Fie IS v J3E B A JIT 0 2 1) e o g TG
P EETS 43 M AEAS RIS ] (0.25—12 h) e s
Wi D-H &M SN SsMIaseA #41b M b H &8
W T e 2L () s [
139 SHREEIEMHPLO)SHT

WAFIAE ST 022 um JEBES EAE, A
HPLC-RID (Agilent 1260 Infinity 11 YK ill%E k4
& BI%H N Aminex HPX-87C (7.8 mmx
300 mm), LUBZAKHHEAE, HES 85 °C, i
# 0.6 mL/min, FrifEdh R D-H @ D-J 4.

1.3.10 HEEAES S

K H] GraphPad Prism 5 Fl Origin 8.5 #4744
BIIHER, BABIEAE 3 T,
2 HiRE4h
2.1 D-HEHESFHWEEERE(sMlaseA)HIZES
F55 4

£ NCBI $#fs 2 vh & 48 8 T — Bt AGE K%
SHEEIL, TN D-H e S AR . A A
FH PCR BEARY 38— 25K FEM 1 302 bp RYFEH A
Bt(ssMlased), N Fr Btbgmfith 433 LML,
BCEAEE ( T00 o A AE LS pL 4351k 47.6 kD
1 5.58. ] BLAST %8 8 4is B k17 7 51
Fo Xt & B 1), i3k i f 1) 26 1 S g A1l
W& (Thermobifda fusca)>K i 1) D-H & H 5 #4) i
Manl (GenBank %5%5 % WP_061783687.1)*° 14
IR, h 60.2%; HR, S g LA
(Thermobifida halotolerans, WP_068690975.1) .
T & 8 ¥ 0 & (Pseudomonas
WP_007249212.1) . KW #F 18 (Escherichia coli,
AJH12524.1)27V 01 Hb, v ¥ ¥ 2430 56 (Marinomonas
mediterranea, WP_013661626.1)*5k 1% D-&&
W S AL Tl ) AL 23 0 58.6% . 50.1% . 45.7%
F130.8%, KUl GEJ2— S8 D-TH &b 5
PR, K SsMlaseA (W2 IT 45 C A 45k
Y D-H #2048 SeYihSPYH Marme 24902
AT X, His278 (X} SeYihS [ His248 il
Marme 2490 1 His2SO)ER)™ Lok, £S5
BN C1 3] C2 i E, JfH Arg83.
His205, Glu281. Trp341 F1 His408 ¥ iF L 5EY)
SiAH K.
2.2 F4 D-HEHESFMEG SsMlaseA HIFTRIER
iy

BEFE T D-H 8B M SsMIaseA M II7E K
WAkF R AT RA . ORI V] AKTA 25 H 44k &
GLUENE 1S B Ik R Al , Aifbgi R IR 1. 4
fRJa, BTG S GRS 75.3%, B EL B S

syringae
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S.s. WP_123499006.1
T. f. WP_061783687.1
T. h. WP_068690975.1
P.s. WP_007249212.1
E. c. AJH12524.1

M. m. WP_013661626.1

WP 123499006.1 74
WP 061783687.1 48
WP_068690975.1 48
P.s. WP 007249212.1 54 AT:
E.c. AJ12524.1 46
M. m. WP_013661626.1 48

S.s.
T. f.
T. h.

S.s. WP_123499006.1 153
T. f. WP_061783687.1 127
T. h. WP_068690975.1 127 Ak
P.s. WP_007249212.1 131
E. c. AJH12524.1 124
M. m. WP_013661626.1 126

S.s. WP_123499006.1 233
T. f. WP_061783687.1 207
T. h. WP_068690975.1 207
P.s. WP_007249212.1 211
E. c. AJH12524.1 204
M. m. WP_013661626.1 206

S.s. WP_123499006.1 308 2%
T.f. WP_061783687.1 282 %
T. h. WP_068690975.1 282 %
P.s. WP_007249212.1 290 &
E. c. AJH12524.1 283
M. m. WP_013661626.1 280

.s. WP_123499006.1 388
. f. WP_061783687.1 362
.h. WP_068690975.1 362
5. WP_007249212.1 370
.. ATH12524.1 363
.m. WP_013661626.1 359

Ei

B 1 $#EEE D-HEERIWES SsMlaseA 5H it D-HEREFWEEH Z EF5 tLxt

Figure 1 Multiple alignment of amino acid sequences of SsMIaseA and other D-mannose isomerases

T BERPIOSMERE, KOPZFRRRTERE, Z2H)PHS SRR ITRTS5300 . BHRARE D-H & ST, £
WP 061783687.1) . Tif $hrg U E D-H T h M B (T. h. WP_068690975.1) . T HF M ¥ M # D-H Z W R WEFP. s
WP_007249212.1) . KRGAFIE D-H 8 FAGREE. c. ATH12524.1)F1h g B 1 D-H B8 A+ A (M. m. WP_013661626.1).
sk FEHis25)RIFRR, SIRPIE MK HERIE Mz RN

Note: Black shading represents identical residues, while gray shading shows similar residues. The sequences used were: D-mannose
isomerase from Thermobifda fusca (T. f. WP_061783687.1), D-mannose isomerase from Thermobifida halotolerans (T. h.
WP_068690975.1), D-mannose isomerase from Pseudomonas syringae (P. s. WP_007249212.1), D-mannose isomerase from Escherichia

coli (E. c. AJH12524.1), and D-mannose isomerase from Marinomonas mediterranea (M. m. WP_013661626.1). Catalytic residues
(His255) is represented by circles, and residues related to substrate binding are noted by diamonds
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Fz 1 = D-HENESHES SsMlaseA 4L %

Table 1 Purification summary of recombinant D-mannose isomerase SsMlIaseA

afifb IR R SN @T3E afi b 5 EE
Step Total activity (U)* Total protein (mg)°  Specific activity (U/mg) Purification fold ~ Recovery yield (%)
HMEFK Crude enzyme 44 032.2 98.7 445.9 1.0 100.0
Ni-NTA 33 156.2 63.2 525.0 1.2 75.3
T W ) MM E SR AE 50 mmol/L pH 7.5 IBERRERZE MRIA R T, DA 1% (FUatRBUM B0 H B MK T 45 °C 454 )% 10 min;
b B RAOIE S Lowry® i, Ll BSA WbREE

Note: *: The enzyme activity was measured in 50 mmol/L pH 7.5 phosphate buffer with 1% (W/V) mannose as substrate at 45 °C for

10 min;

4459 U/mg FTF% 525.0 U/mg, #ifbfEch 1.2,
SDS-PAGE 45 EWFE 45 kD BT /R B — 2574
(I 2), S-100 EEREE I8 JZ ik 131 B 7E R ARIR
BTRH TN 45.6 kD, W] SsMlaseA JyHLIT
HEMA.
2.3 SsMlaseA HIEEZ 14 /R

SsMlaseA F& A< Jiff 27 Pk i 45 1 0K 3.
SsMlaseA M#ci&E pH iy 7.5, 7€ pH 7.0-8.0 Z[a] A
90% LA - AHX IS f1, 7€ pH 6.5-10.0 £bFE 30 min
545 80% LA 1% 1 5 i AE 45 °C I G ) f
45 °C UMM RS P aFEa e, JF HAE 40 °C LU TS
A 90% VL EREEE 1, WETHEZE 50 °C I
SsMlaseA FH X T340 30%.

AN & I8 B A A W%t SsMIaseA il i 7111
SMANEE 2 FR fE Na™ Kf B-$i L ZWEfEE R,

kD M 1 2

97.2—
66.4— w—

L

29.0— wee

20.1— -

14.4— s

2 D-HFEHERMEE SsMlaseA RYZh{L[E

Figure 2 SDS-PAGE analysns of the purified SsMIaseA
e M: R THEAREE N 1 HEREG 2. 20K

Note: M: Low molecular weight standard protein; 1: Crude
enzyme; 2: Purified SsMlaseA

®: The determination of protein concentration refers to Lowry™® method with BSA as the standard

SsMlaseA i i& J1 4 F3 M T 11.1% . 12.6%*11
16.0%; {H Zn*", Co*", Fe’", Fe’". Ca®". SDS Fi
CTAB Al #2 B b BTG 7, Ag % SsMIaseA
AEGRIVEIER, BRE JIBEINT 46.7%. oAb
EE BT S5 SsMlaseA i 15 71 H 52 A
il

SsMlaseA X JLF A AT 4 A9 IS W) 4 S L
3. 45, SsMlaseA X H BEHEHIMELLIE M
1% 55 (100.0%) , FUh bl HeliG oy 188.8 U/mg,
X BB AR R S 1R 21.3%, TR AR
AR BEETS J1 AR 5.9% . % X LAl AU AN —
B AT

H 3 J122 5 (R 4)PTH1 SsMlaseA X H @& b
FURAEAY K 2058 53.9 A1 132.0 mmol/L, FH
SsMlaseA X H &I FEA S m FRbE . MUIHER
WERIRYIET | kea/Kin (E2H 0.008, SEHUBERY 2.7 45,
VLB SsMIaseA X H # M IC 1 AL A50o% o g
2.4 SsMlaseA ¥ L HEEZHRIMMK

TN . D-SRMEHR B A LB [ X SsMIaseA
FEAL SR H SRR 52 AN & 4 PR o H BRI
et BN 3G TR I, INEG A 40 U/mL
W, H e A E] 150 g/L, PR R H %
BEAG = 5 JC B (E 4A). A 40 U/mL 19
SsMlaseA #44k 200-800 g/L ()M, Y SAivk BF
=T 600 g/L B, FALR BB TR, M 30%K%
IR 26.4%, TG H 8800 ™ &= AU a3 n
TR RELE 200600 g/L B, #EAbR—HRE
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Figure 3 Optimal pH (A), pH stability (B), optimal temperature (C), and thermostability (D) of SsMIaseA

2 AREEBEFRUEYIXT SsMlaseA E§E HRIE M
Table 2 Effect of different metal ions and chemical
reagents on the enzyme activity of purified SsMIaseA

SRETRUEAEY LU AEXS B 1
Metal ions and Specific activity® Relative
chemical reagents (U/mg) activity (%)
Control 525.0£1.2 100.0
Ni 541.6+0.3 103.2
Mg 508.4+1.6 96.8
Mn** 509.6+1.9 97.1
Ba®’ 544.0+1.6 103.6
Na' 583.1+1.3 111.1
K 591.4+1.0 112.6
Cu** 526.2+0.6 100.2
Ag’ 279.7+1.3 53.3
cr 536.9+0.3 102.3
Zn* 427.8+0.3 81.5
Co** 417.2+3.8 79.5
Fe* 388.7+0.6 74.0
Fe** 400.6+1.3 76.3
Ca** 456.3+2.2 86.9
SDS 433.743.2 82.6
EDTA 539.242.9 102.7
-mercaptoethano NEXE 5
hanol 609.1+3.5 116.0
CTAB 443.2+1.3 84.4

s UBEE TR B A 1F T E B BB )5 8 e B0 LU (R

Note: * The specific activity is the ratio of enzyme activity to
protein concentration measured under optimal conditions

30%ZE 45 (B 4B), HILiEEE 600 g/L BYEBE R
SsMlaseA ¥4 Ab H #2009 Fod IR Pk B o ] 40 U/mL
f) SsMlaseA 1k 600 g/L Flli, 7E 0-12 h Z[f]E
FUBRE, N 4C FTLUE Y, BlE R AL B Ta] a3
H B A AR AR AT T O 3G, RN AT E
8 h BT iKEPAF, MEETARL T 185 g/L AT #H

FeAZN 31%. AUWHAE BT 88 0l 540 A0 i -

% 3 SsMlaseA B4 14
Table 3 Substrate specificity of SsMIaseA

it} LU At A W

Substrate Specific activity Relative activity
(U/mg) (%)

H#EEM Mannose  514.2+15.2 100.0

L Fructose 188.8+9.3 36.7

B2 B Talose 109.7+2.6 21.3

PAHEWE Tagatose  30.5+1.1 5.9

TE: SsMlaseA %} D-Fl sl | D-Bi i b . D-FLA=HE . D-A 478 |
D-EZLE . D-KIRHE . DRI . FLARHE . AKDCFURR R
B

Note: SsMlaseA had no activity on D-altrose,

D-rhamnose, D-glucose, D-galactose, D-lyxose,
lactulose, epilactose and sucrose

D-allose,
D-xylulose,
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F 4 SsMlaseA HIFI HFEE
Table 4 Kinetic parameters of SsMIaseA

Jis¥) Substrate Vimax (Umol/(min-mg)) Ko (mmol/L) Feat (s7) kecar/Kn (L/(s*mmol))
H & B Mannose 523.1+13.5 53.9+£3.4 0.415 0.008
H B Fructose 432.0+5.8 132.0+4.2 0.343 0.003

W 12 EBOR A 50 mmol/L BEERELSZ vl (pH 7.5)BLl A VR EE RS, F 45 °C 25 F I 5 min JE RIS J1 o K F1 Vinax
i1t GraFit 2415

Note: The kinetic parameters were determined for the different substrates at 45°C in 50 mmol/L phosphate buffer (pH 7.5) for 5 min. The
apparent Michaelis constant (K,) and Vimax were calculated with the software “GraFit”

B
A 134
L 132 210
180 /‘/4_’4—4 _ 132
2150t 18 = 5, (S0 4 130 &
= 124 35 < 150} 2
2 120t g 3 {28 &
) ) = I =
2 9l 20 5 g 120 {26 &
3 . i 2 5]
= —=— D-mannose yield 16 5 g 90f . 124 Z
5 60 k& —a— Conversion rate 12 % £ —=—D-mannose yield “a 3
g / ) @] A 60 —a—Conversion rate 122 ©
30 B N 8
* | | | | | ! ! 300, | ! ! 1 ! L] 20
0 10 20 30 40 50 60 70 200 300 400 500 600 700 800
Enzyme dosage (U/mlL) Substrate concentration (g/L)
¢ 35
600 |
550 130
= L o
= 500 125 &
Z 450+ 2
2 T 115 3
S 150+ 2
5 —=— D-mannose 110 §
© 100 r —e— D-fructose &}
L —a— Conversion rate 15
50
0 1 1 1 1 0

0 2 4 6 8 10 12
2(h)

B4 MNESE(A). D-RYEREB)FNEELAT E(C)XF SsMIaseA 4 F=H 5= HEHI 20N

Figure 4 Effects of enzyme dosage (A), D-fructose concentration (B) and conversion time (C) on mannose production by
SsMlaseA

. A fINEERE (5-70 U/mL), B A FENEEE (1) SsMIaseA 55 500 g/L FMHRA , FF1E 45 °C F B 12 h; B FBEHKEF (400-800 g/L),
# 40 U/mL SsMIaseA 5 A [al i & 19 FWHE S, 45°C R 12 h; C: &54kIHE](0.25-12.00 h), ¥ 40 U/mL BEE 5 600 g/L Fp
1 45 °C NI 12 h, AEAS[R] (R i) o BORE

Note: A: Enzyme dosages (5—70 U/mL). Different dosage of SsMlaseA was mixed with 500 g/L fructose, and the reaction was performed
at 45 °C for 12 h; B: D-fructose concentration (400—800 g/L). 40 U/mL SsMlaseA was mixed with different concentrations of fructose,
and the reaction was conducted at 45 °C for 12 h; C: Conversion time (0.25—12.00 h). The enzyme (40 U/mL) was mixed with 600 g/L
fructose, and the reaction was performed at 45 °C for 12 h, and samples were taken at different times
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K AZIREEREE, KRR K=c (HE&H)/
e (CRBHEO MR Rk S i R SRR
VR, AR A K (AR H R R 045,
3 i

K, HEME LR ZFeeiE 1, R
fh L BEZGRVRRNEES Tk AT 2 T R A
MEERE RS P R BT —A D-H B,
HAE IRy 5 5 gL (T, fusca) KR D-TH
TSR Manl AHRIVER R, N 60.2%. Hfi% 5k
PR IR M A vh S 05 2858, F 4L D-H # 0 5+
Fi i} SsMIaseA £ Ni-NTA 3% FlJZ #r— £ 4li {15 5]
4fififf, RGNS N 525.0 U/mg, B350 T HAb KB
FEDR IR0 D-H 88 5 5 A 5 , a0 g PR 2446 77 >k U3
[ Manl (69.2 U/mg)>* 1K g AT B ok B i MI
(10.52 U/mg)™* . Z%ii(SsMlIaseA) & — il 5L
F1, 2 Fih 45.6 kD, HATHIHGE 1) D-H 25 5
MR R ZHO AL, 3 75 AE 42.0-51.4 kD
Z [l BLAb, B4 D-HERE S 2 R4k, W
TS LRI M-1 (90 kD)PU L RIGFFE K-12
(160 kD)PUFI AT BL21 (274.5 kD) 2Bk
D-H &2 A 43 il e R . TURIKFIS RIK

SsMlaseA I fzi& pH 4 7.5, 1£ pH 7.0-8.0 7
FE P 26 B HE A o B TG 1 X 5 K 250 D-H 22 b
SEFIRERIRL, UK T E B (X rubrilineans)!™
e W D-H 8RO S A, VR AR M T
(P. cepacia)[23] D-H &M A B Bl pH R 6.2,
JEAC S R ME—— D ER T D-TH #8544
it o LA, KM AT 4 2 R D-H 85 i MIase!™
M EcYihS*Y Ay & pH & 7.0, SsMlaseA 7E
6.5-10.0 JEFE AL 30 min 54 80%LA I 54
fifg 15 1, 1 HAE pH 6.0 BHTE 60%MEHEG /1.
S WA BA ML T (P saccharophila)! 1K i 1 1 B4
D-H @& WA pH 3 5 58 s 1R A
45°C, 7E 45°C LU FIR%#FaE . SsMIaseA [ fridi
L 5K 240 D-H #8 bl S A B AH (3050 °C), B
B & T R P S (M. mediterranea NBRC

103028)*°! (30 °C)FUK I F# BB (X. rubrilineans
S-48)!"°1(30 °C) D-H- FZ M M 1t . S5 C AT
(4. radiobacter M-1)111(60 °C, <55 °C)FIIEHZLH]
(T, fusca MB10003)* (60 °C, <60 °C) D-H #&¥¥
5P H , SsMIaseA (14 i 35 I B A AR
B-#idik £ FEXT SsMIaseA BTEAE e, SsMlaseA
FEE R T 16%, 1 Ag XHZEE A 5E 20
fl. EDTA AbFHJ5, SsMlaseA MG J131% 4 W
B, RWZMEA R SRS TR
SsMIaseA X H #4144 A0 T 1 fo e, LUk SRl
LA, SsMlaseA %I D-F5 46 B Al D-35 2 bk LA fi AL
fie 77, 13X 5 b rh AR M B (M. mediiterranea NBRC
103028)%° D-H 5% 5+ B ML . K o A B
(E. coli)Vi 1) EcYihS FIRGE VDI [RTRI(S. enterica)
KUY SeYihS T LUEEAL D-RFHEPY, SsMlaseA
XFRBER K F Viax 535128 132.0 mmol/L
432.0 pmol/(min‘mg), Ky, {5 KM BL21 Sk JH
() D-H S A E(123.3 mmol/L)* ik , Ak T
Ja V01T R R R A D-H & b S Al SeYihS
(292 mmol/LYFI K IHFF IR K-12 KU D-H &5 4 +
F47 EcYihS (276 mmol/L)?¥, W& FoliA
BRI

I RTHGE 1 D-H &8 0 AL i 25 H 28 i i 5
TERTE 20%—35%", FIF SsMlaseA 4k 600 g/L
W, 285 8 h AR N 185 o/L H &b #6450 31%,
WTFEE K, SsMlaseA ¥4k A1 im e - H
600 g/L, il = T H ARG D-H #E 4 S A ,
WMARGAFE IM109 (180 g/L) Rk kF i BL21
(400 g/L)*". KIGFF# D-H 820 S A4 Mlase™
54k 600 g/L FLBEIT, HEEHHIY 5 150 g/L. 28
AR SCAH ] SsMIaseA B H #2057~ &4 185 g/L,
2B SsMlaseA TE 4% Ab =y vk B F M B HAT 507 i iy
FIWE S KRZH0 D-H & W A w8 1AL
BRAE 25% A7, WBEEZIHI(S. aerocolorigenes)!'™ .
WCHE AR B (4. radiobacter M-1)FIIE 24
HLE(T. fusca MB10003)> D-H 5% b5 S 4 il .t A1
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SsMIaseA F AL R I 2577 35k 23.1 g/(L+h), &

—SEH A AT #2259, 4 Caldanaerobius
polysaccharolyticus B35k Y6 i D- K 75 B 5 4 il
[6.4 g/(L-h)| I Runella slithyformis" S J5 B H 521
2-ZE [ SHAA 2.5 g/(L-h)].

4 %ig

AR T T —1 D-H #E b 5 i
FEH, FFERBITF R RERIL %S g
(T, fusca) D-H &5 BEAH I e dr, M
60.2%; 4 D-THEE TG SsMlaseA H A
Y LU BB (525 U/mg), %S pH R BE 43
Bk 7.5 F1 45 °C, A H I Z 0 B A B

Tag s TERIEAMFT, SsMlaseA FeAb RliA: )™
RIS 23,1 g/(Lh), JREHEALH Y

31%, MR H R AL ) o5 SR At T
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