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W E. D-HEBLAZMAEN, A%, B, RLF4TL A2, D-HEE AT
A2t D-H KBS A D-HENE, £ D-HEBNGERHETERFERES. NEFIHH
(Paenibacillus sp.) HGF5 ¥ & & — A~ D-H # 82 A LB (PsOX), &5 R K # & & (Sreptomyces
coelicolor)k /7 49 D-H 5% B AL ER(A1O) RN BR 7 F| A8 WAtE ) 50.94%, 5~ F &4 47.4kDa, #iE
T €48 %k i ¥ pET-28a-PsOX F /£ K 4T # BL21(DE3) % &4, PsOX *f D-HE 8549 Ky Kea/Km
{E5 % 4 5.6 mmol/L. 0.68 L/(ssmmol), i& pH F=i& 5 5] 4 7.0 #2 35 °C, & 60 °CvA T HRF4E
2. PsOX *t 400 mmol/L D-H 55 B3 #) B REEALFE A 952%. #)F PsOX 5 AldO & 4mfit o #4EAL 73 g/L
D-HEB, PsOX R 9h B R 74, A MK 70 g/LD-HEAE, T AldO BA & & eyt E,
PsOX 4k 4 # & D-H A5 BALEE S D-H 548 69 B ik ) &R A% T IR 3B
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Characterization of a D-mannitol oxidase from Paenibacillus
sp. and its application in the preparation of D-mannose

LI Ran', SONG Cong', ZHANG Xiang', JIA Zhenhua"**

1 Institute of Biology, Hebei Academy of Sciences, Shijiazhuang 050000, Hebei, China
2 Hebei Research Institute of Microbiology Co., Ltd., Baoding 071000, Hebei, China

Abstract: D-mannose has many functional activities and is widely used in food, medicine,
agriculture and other industries. D-mannitol oxidase that can efficiently convert D-mannitol into
D-mannose has potential application in the enzymatic preparation of D-mannose. A D-mannitol
oxidase (PsOX) was found from Paenibacillus sp. HGF5. The similarity between PsOX and the
D-mannitol oxidase (AldO) from Sreptomyces coelicolor was 50.94%. The molecular weight of
PsOX was about 47.4 kDa. A recombinant expression plasmid pET-28a-PsOX was constructed
and expressed in Escherichia coli BL21(DE3). The K, and k../K, values of PsOX for
D-mannitol were 5.6 mmol/L and 0.68 L/(s'-mmol). Further characterization of PsOX showed its
optimal pH and temperature were 7.0 and 35 °C, respectively, while its enzyme activity could be
stably remained below 60 °C. The molar conversion rate of 400 mmol/L D-mannitol by PsOX
was 95.2%. The whole cells of PsOX and AldO were used to catalyze 73 g/L D-mannitol
respectively. The reaction catalyzed by PsOX completed in 9 h and 70 g/l D-mannose was
produced. PsOX showed a higher catalytic efficiency compared to that of AldO. PsOX may
facilitate the enzymatic preparation of D-mannose as a novel D-mannose oxidase.

Keywords: D-mannose; D-mannitol oxidase; enzyme property; whole cell catalysis
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g T E AR, HAFE R Uk B T
B TR gesh, H s T T I R
ey, b ] FARRE B0 57 38K XA PR A A
NEJHAE S50 , HA TR | S il 1 55 gl
TEAL T AU AT VR 5 R = 90 H b . H B il
DA LR A5 1) TR

FURT - H g2 B i 8 5 ik 1R 0L . e
B RIE AV FATE . $EBOE T2 LAMNHE |
BRAERE R JEORHE, SRk L 43 B Al A5 L BR
ARAT D-H E2 . A F 3R B D- H R Y™
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ik 60%LL I, gERER 98%LL B, (AUE4RE
PARAE AT LR A okl T HL AR 7 A 32
B RS . ARG R ) - 2
o] SRR AT D- T 8 b, $24bR N 30%-36%,
S S5 R T EAE TR M (pH 2.3-4.5) . = il
(110-160 °O) B P A 71, frfe kbR A% 4
R B = SN W 2= T

A WG AR R B T 25 IR R L X 3R
BRI M AZ B 2 O, FIAAED AL
Bl D-H BB T AR o H R L
Kl , 4N p-H &S HF(D-mannose isomerase,
EC 5.3.1.7). D-R BT (D-lyxose isomerase,
EC 53.1.15)RE 508U - B p-H #=
WL, B L RTE 12%-25%2 [m" P, T
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D- AR BE M AR W = T D-F A, i — D R
A, WFIE R L4 0 2- 22 W 5 M il
(cellobiose 2-epimerase, Cease, EC 5.1.3.11){f#{kAY
i p-AE NS L D-H &M, AR R
15%"4, A AR 5T R AR AL 1 5 5, R
A D- 4] %5 M 55 #4 B (D-glucose isomerase, EC
5.3.1.5)5 D-HEEWE R L D-2k 75 0% 5 44 i
1k D- MBS B D- T EEHE, TR0
12%. 15%. 14%"110 H TG o i 524
WAL R B AT R B, B ARRCR A R, H
FN 7/ E

NI A YA G B p- T RS R I AR K
2, Ul D-HEEmNIEY), A -1 g2 B 1 i
(D-mannitol oxidase, EC 1.1.3.40)%& il D-T &%
AT R N, REMEE 4 D-H B RERR LR
D-H#EM, ARUER p-H &M%, kRETX
5 4% 25 T4 (Streptomyces  coelicolor) ) AldO &
—FME A Re i D-HEERES K D-H &M
(RS ALY, AHF ST L NCBIT $d 2 h
1248 tH— AR I T 25 ZF /A i (Paenibacillus  sp.
HGF5) i) & fL i PsOX (GenBank & 3% 5 N
WP_009593092.1), ¥ PsOX 5 AldO 2 FEMR
FEH AT HE X, % B PsOX HA 5 AldO A [H i
IEEE G AL, HEMIL A p- T & r A ks
PE. ¥ PsOX 5 AIdO 25 1 4 idh B [H 43 S 7E K
R 2Rk, W9 PsOX A PER, ik PsOX
5 AldO HyH LA A MI7E S 55 D- T #8 WH i Ad i
A, DU Ry - H S84 A0 e AR 7 S AR 40 -

1R

1.1 ##
1.1.1  EHRFARRL

S5 25 JUT FH R R K #F 7 (Escherichia coli)
DH5a F1 E. coli BL21(DE3)lg [ dt 5442k
WHARA WA . FKIBEMAE pET-28a(+) R L5

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

R
1.1.2 EHFE

LB AR R (g/L): MR 5.0, &
£ 10.0, BEEFEE 10.0, pH A 7.0, K%
RLAWE R 50 pg/mL.

LB [EARE 73 (g/L): MERHEE 5.0, &
fb4h 10.0, BEEE 4 10.0, BUER 15.0, pH N
7.0 RIREZRLWEE R 50 pg/mL.

1.1.3  EFZERFANEE

BRGIE V)G . T4 DNA %420 . DNA 43
T REARMERE > PR ER A 6w ek
Y ARABRA ;s Bkl DNA /MR afi AR5 &
DNA BERE GRG0 & B 524 TR CRiE A
FRAF ;s IPTG. D-H#EE. D-HEE A AT
Y TR RN ARAE; 42 LT
ML 3,5- A 2- BRI KRN . MR kD
it 7 % R

pH it, HERFE-FER 2 A R
UV-2600 £AMMENETT, SHEAF; KEX
-, FEZFRAAER AU A BRA A 5 A
WA, T 2 AR R A BRA F] ;. e
WAL . EEHEIKE R . B SIE RS Aminex
HPX-87H 4%+, Bio-Rad /AH); E&BARG
J%{¥ (high performance liquid chromatography,
HPLC). 75 247 6K I £+ (differential refractive
index detector, RID), S\ H],

1.2 FHiE
1.2.1 PsOX. AldO FE#%FTiXHIKE

4 PsOX (GenBank 552 WP_009593092.1)
AldO (GenBank % 3¢5 % WP_011030685.1)f)
AP AR TAY TR )R A R
oS wl AT I T R B A B S ORI 5
M Ak A JE IR 1) 9 3 75 i BamH 1 A1 Hind 111 i
Y s o oA H B R Be i BOkL A 84 S5 ks )
FH BamH I F1 Hind IIT BP0 SOEG D), PsOX .
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ALdO 43 513% A pET-28a(+), #7155 & 21 fok:
pET28a-PsOX . pET28a-AldO, %1k E. coli
BL21(DE3)#% 3| & 41 " #% E. coli BL21-pET28a-
PsOX. E. coli BL21-pET28a-AldO.

1.2.2 PsOX. AldO EHERHIFSRIER AL

P E 4 Bk A E. coli BL21(DE3), #kHL
FATH VR HERD 2 LB WA 55 3R (7% 50 pg/mL RIR
FHZ)H, T 37 °C. 200 r/min 33K L 0.1%
P e 2 3 LB ARG #5225 (% 50 pg/mL R
R K), 37 °CHEFEE ODgoo (1% F) 0.6-0.8 i,
IMAZLHE N 0.4 mmol/L IPTG, 25 °Cii&H
14 h, 7€ B ODeoo £X1H - 17555 IR 4 °C.
10 000 r/min B.0rJ5, F 2 mL BEER & 40 /B R
A GE v (50 mmol/L, pH 7.0)E &, BT UK
KW, B EEYIR A 200 W HEF T 41 IR
ML PRI 2 4 °C. 12 000 r/min &5.0> 30 min
o, RIS RN ORI , K I VORI R A2
Mrigfrdbfraifh, 1520 S0B0 . 20 MR e
4li il R SDS-PAGE HEAT KGN
1.2.3 PsOX EgiE W REga HFEHNE

Wl T 300 Uy s OWAR R (1 mL)
50 mmol/L R /B R — VB 2% vh i (pH
7.0), 300 mmol/L D-H &, A 100 uL 4L
W IE RV, 35 °C. 200 r/min S 10 min, JZ
N 12 000 r/min %0 5 min, B 100 pL 2 &
A5 mmol/L FiFRIFW T, 1 0.22 pm 7K AH R
Jei, AR SR - HEE s & WA
TR A S A S Aminex HPX-87H
(300 mmx7.8 mm), AEiEAF K 40 °C, WA
5 mmol/L #if2, Wi A 0.5 mL/min, FllesHk
RID il 2% o W% 1 %€ L0 - 4380 AE B 1 pmol
) D-H 28 W5 BT 5 Wi 1 SR — ANl g B
(U). E A& 78 Abbkine 23w P 5 4 &
R & AT E .

it o) 3 2% % B0 72 2 BE Heuts 21 k1,

&: 010-64807509

AR B ALHE 50 mmol/L R IR A — 4 /BE R — A
BRZE WP (pH 7.0), 3 U/mL M A AL W
30 uL/mL ZHf§, 551 A 5. 10, 50, 100,
200 mmol/L D-H g I, & T 35 °C. 200 r/min
FERA SV 15 min, JITA 0.1 mmol/L 4-Z8 JL 485
AR, 1 mmol/L 3,5- "5 -2- 3 FERME R, A
UV-2600 2580 BT HIE 515 nm AR
{254k, FIFH UVProbe B4 K fH . Kea (B0
1.2.4 SEEX PsOX E&iE H BIE 0T

BIE TR AE < B 1.2.3 IR AR 24350 m
A 30 ODgoo/mL FlEGH, 7E20. 25, 30, 35,
40, 45, 50, 55. 60 °CHEIKH, 200 r/min S
3 h, F FH B RO AH 2,35 (high performance liquid
chromatography, HPLC)f;ill 4% pH T D-H #2 4%
A B, o D-TH S 11 A okt e o ) ) il 3
TR 100%, THEANFE pH T FAE X B 77 o

RS MR E B 30 ODgoo/mL AH I
TE 20, 25, 30, 35, 40, 45, 50, 55°C&MT
WEE 1 h JFMARIRNAARS, FERGEARHT
T8 SR ATHENG 7, DR 4 b PR 0 BTG 1N
X BB, A AT A R R A AR AN TG T o o R A
it 15 10 E 43 E o
1.2.5 pH %t PsOX fi§F IS0

¥ 1.2.3 P R4 3 H A 22 e 43 31145 B
FrEER /AT BERR AN (pH 5.0-6.0) . WEER & 81/
1% — &% (pH 6.0—7.5). Tris-HCI (pH 7.5-8.5).
KV 1 h J5 , FIF HPLC 4% pH F D-H 224
(A s, D-TH R 0 A ok d v ) ) T
TR 100%, THEEANE pH T H A XS FEE 77 o
1.2.6 PsOX EHE ML EHML

AL N A FR A . 50 mmol/L R
A /R AUV % v (pH 7.0), 300 mmol/L
D-H#EFE, WERARWEE 2510 10, 20, 30,
40 ODgopo/mL, X 9 h Ji 12 000 r/min 50>
5 min, 430 FIH 100 uL _E3EWANA 5 mmol/L #i

B<: cjb@im.ac.cn
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R 2 11 S 7, A HPLC Kl p-H g8 40 & &,
THE A

BEE Y 4351 200, 300, 400,
500 mmol/L D-T{#&EE, A 50 mmol/L #H& =
TP BEIR P 0P (pH 7.0), 30 ODgoo/mL
SN, W 9 hJ 12 000 r/min &[> 5 min,
A3 HC 100 uL EIFEINA 5 mmol/L R4 1k
RN, FIF HPLC #:l p-H #& b & &, 115
AR,

WE YU A 200,300,400 ,500 mmol/L
D-HE&EL, A 50 mmol/L B S — Hl /iR
A GE P (pH 7.0), 30 ODgoo/mL 424 Jifd |
10 U/mL BSR4 AL, 5209 h 5 12 000 r/min
B0 5 min, 23 FHL 100 uL EIHHBINA 5 mmol/L
FRERZ 1L, I HPLC ¥l p-H SR A il &
i, R
1.2.7 PsOX. AldO £4f{EHLE K p-HEHE
7Y bb 3

# 30 ODgoo/mL ) PsOX . AldO 44 fifd .
10 U/mL WyBRAR LSS ALY, 430 A - &%
P i 73 g/L 1 80 mL JZ WA & , BT 500 mL
PONFENLH 35 °C ., 200 r/min J)W , & B SV

TR Z R ERE, fd ] HPLC A6 A [R] BURE B a] 1Y)
D-H &, p-H&@EH& &,

1.2.8 PsOX. AldO £4RE7E % B h Ry L S [

# 30 ODgoo/mL ) PsOX. AldO 4=4HHE .

10 U/mL W BAREACPIRE, 43 A A p-1 &
WEeRE N 73 /LY 1 LIWIAR, BF3L KA
MEfErh 35 °C, HIBIE R B EUE 30%-50%
PR F N, 7 I NS AR 22 HR BRORE , f ] HPLC
A6 0 A [) BBORE s 1] 1 D-H 88 % | D-H 82 b & i

2 HERE5M

2.1 PsOX. AldO 3T 43 47

FE NCBI ¥4 5 vh & i 3] — 2R 5 T 25 2F
i (Paenibacillus sp.) 1 & AL B & 13 5 7 51
EARFISGA 419 NEIERR, WS T8
I HL 5 pl 22914 47.4 kDa 1 6.19, K ik 5E 5
(S coelicolor) i EEE AL i AldO X T3 BE |
ARBEEE . D-INFLEEA D-H #E A b IE
AldO HJEYIA 4 R K] Glu320, Arg322,
Ser106., Lys375. His343, Thr345 NJEY4EE
TEMEALE DTS % PsOX 5 ALDO & A BUF 51 L
st 1), HEARFE R 50.94%,

AldO WP_011030685.1 @ItV TTHTAE HicALRA R A ARVERD

PsOX WP_009593092.1 &sz. .L YRHIRS! KEMEEVR OISV SRT S TRy

H RE v T STVl 128 i e E

LT AT JEEEVTIL 129 Fli G2V

AldO WP_011030685.1 LA T fior cRE T~ v TAE L PVVRRIBE SN

PsOX WP_009593092.1 VERMRELGELZOR FI T RQE KEMWERROLLPL IRREME)IFINI
o0 (X

AldO WP_011030685.1 Ei ASLEH
PsOX WP_009593092.1 B e

AldO WP_011030685.1 FETVHANEE
PsOX WP_009593092.1 IDEILSSEE

AldO WP 011030685.1 & nenﬁﬁﬁimvm
PsOX WP_009593092.1 RGHLIR LOHYIMH

1
Figure 1
highlighted by circles.

PsOX 5 AldO IR EBFFI L HIEY

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

TOWs! RT v 0ol RELD
IO KVGINGEMETSP

HSFNE 125 e 41 AGLE TA. A VVHA 100I
1338 IR D TIE , | [6 SEMREMN RV G YLNDE

T AYEM ETEMSLAGMERT 9O
v L SEQV YDRMSESHMEG. 195

VEAGEL 394
MESEMI 395

418
419

BEE RO I T IR bR T

Alignment of amino acid sequences of PsOX and AldO. Residues related to substrate binding are
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PsOX HA 5 AldO JKY 45 A T A S — B &
SERRAL A, NIEHEN PsOX HA p-H &EHElL
k.
2.2 PsOX. AldO WEHEBRIESHEL
& TEA

1 PsOX 5 AldO JE A 435l A K i b &
H AR B Y MR W4T SDS-PAGE A3l
PsOX 5 AldO ¥JFa]iEtERis, PsOX A E
F 2R 4l AL 5 15 20 SR (B 2) WOAH Gk ks
25 (K] 3)FR B, D- T 88 BEbR e 5 A ] 2
11.5 min, D-T 8 W45 fE 5 1 IR R 29 11.1 min,
PsOX J W # Fh G 2 D-H @& 4, 2B PsOX H.
A HEATE T

2 PsOX 5 AldO EHEH R IEH) SDS-PAGE
S M: FRUHESE I 1 KBS AR 2.
Escherichia coli BL21-pET28a-PsOX il il il iR i
%5 3: E. coli BL21-pET28a-PsOX 2 Jifd il 4 i
DUE; 4: PsOX 4l ; 5: E. coli BL21-pET28a-
AldO i ms ek L¥E; 6: E. coli BL21-pET28a-
ALdO 20 e R WL VE

Figure 2 SDS-PAGE analysis of the recombinant
PsOX and AldO. M: Standard protein marker; 1:
Uninduced whole-cell extracts; 2: Escherichia coli
BL21-pET28a-PsOX whole-cell extracts supernatant;
3: E. coli BL21-pET28a-PsOX whole-cell extracts
sediment; 4: Purified PsOX; 5: E. coli BL21-pET28a-

AldO whole-cell extracts supernatant; 6: E. coli
BL21-pET28a-AldO whole-cell extracts sediment.

&: 010-64807509

A 11.040
151
11.530
= 10
=
5 E
7.249
0t : : P = — ;
0.0 2.5 5.0 7.5 10.0 12.5 15.0
Time (min)
Bso, 11.060
40+
> 30+
= 20k
10 + 6.866 91334
0t . P — e .
0.0 2.5 5.0 7.5 10.0 12:5 15.0
Time (min)

[ 3 Escherichia coli BL21-pET28a-PsOX £ 4f
gL EERAEENE A p-HERE. p-Hik
WEVRVEABAAIE . B: E. coli BL21-pET28a-PsOX
SN 1k - 25 A 1E

Figure 3 The HPLC profile showing the catalytic
activity of Escherichia coli BL21-pET28a-PsOX
recombinant cells. The HPLC profile of mixed

standard sample of D-mannitol, D-mannose (A) and
D-mannitol catalyzed by E. coli BL21-pET28a-PsOX

(B).

2.3 PsOX HIEg/E W EEEsI hEEH
M%E T PsOX il M 1 34.3 U/mg,
XF PsOX [l 8l 77 2 8 B AT , 25 5L N3k 1
flr 7, PsOX X D-H 282 1 K {E 4 5.6 mmol/L,
filXF AldO Xf D-T #&BERT K {H, K PsOX Xt
D- T BB R FE & . PsOX M Kea/Kin HH
0.68, =T AldO [ Kea/Kn fH, EH] PsOX Xf
D-H B BER AL & .
2.4 GEE PsOX EEE B E G
T R B SN P B I KR, R
XoF B IR o SRR PsOX B 1 520
s 4A firs, PsOX MYHId g N 35 °C, 7E

B<: cjb@im.ac.cn
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1 PsOX #1 AldO BN h ¥ B K., PsOX 7EA[A pH S Wi H A il 1 an il 5
TaleidOSteady-state kinetic parameters for PsOX o5, PsOX IR pH 4 7.0, 7F pH 4 7.0-7.5
an
= ol = Ry e 4] t V A _
Substrate K. ke (1) kKo AR R S TR 60%LA |, pH H 6.0-8.5
(mmol/L) (L/(s'mmol)) i Al AR A TSR Y 40%LA |, pH A 5.5 DIF

PsOX D-mannitol 5.6 3.8 0.68 Hd‘ PsOX /Qﬁ(ﬁ‘l‘i
AldO"""  p-mannitol  36+2 9.240.2 0.26

2.6 PsOX AR B F AL

A WHE PsOX AN EEH R,
2 (/j//k\ﬁ\\p\H BT YRR ) B Do B B I
< 80f (] 6A), HFEMH N 30 ODgo/mL, 1%
Z oof I o L SE AR L3I 0, 43 514 284 mumol/L
2 ol 94.7%, TiH: 4 40 ODgoo/mL I, HEFH O AT BT
2 0l TR, ATRES B H BRI IAEE X, B
o7 AR 2R 1) s P AR 4 A IS R 4224 30 ODg0/mL s
725 30 35 40 a5 50 s o 7 SV (B IR, E R 7
. femperature (€ AR IR BE 9 - H A, K - H A
100} SRR, 5N 6B R, D-HERRE
ol B G 0 U B T B - B VR B R
S 400 mmol/L i LA i, p-H A RESE 4 v,
z O B SR AL S8 78.1% ; D-HERIEHKFE H 300 mmol/L
2 4} i, D-H 8 286 mmol/L, D-H EERER
3 Ll BISE4:, BEREEALA 95.4%.
SN 75 A 1 3ot AR 2 TT I 5 R 20 M 9 i AL
077725 30 35 40 45 50 55 60 65  WGPE, MW R A Ak SR LA
Temperature (°C)
4 JREX PsOX BEIEMRIZIM  A: PsOX 19 100 |
B IR E. B: PsOX MR Fa e 1k = gl
Figure 4 Effect of temperatures on the activity of ;;
bemosainy Gyarnox 2 Mise
Z 40} —— Citrate buffer
25-50 °CHY , PsOX O /1l (REHR S AER) 2 | == BRAAE
60%) I, PsOX 7EA [l E 1 h J5 il & H / D
PR EVERL, WE 4B B, FE 35-60 °CHY, 0750 © 60 7.0 $.0 9.0
PSOX [T 1 RE (A FE B B T HE A 60% L I pH
2.5 pH xf PsOX f§iE h B0 5 pH *f PsOX B3 149 £/00

FOWARZR A pH A2 52 i B ) Y 21 2 [ Figure 5 Effect of pH on the activity of PsOX.

http://journals.im.ac.cn/cjben
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A,--«
N
©
g 300 - 100
E S
5 250} 1 %
£ 180 7
§ 200 -s-D-mannose concentration E
5 -=-Molar conversion 14 5
o 1501 leo =
E S
= =
£ 100 : : : : 50
g 10 20 30 40
A Bacterial quantity (OD,,,/mL)

B -
=
3 400 1100
g
= 350+ 190 &£
=]
g E
E 3001 180 7
E 2
8 =
2 250 170§
3 5
2 200F —e-D-mannose concentration {160 '—;
% = Molar conversion =
= ! : : : 50
g 130500 300 400 500
- D-mannitol concentration (mmol/L)

o
)
—E 500 1 100
£ 450t log
£ 400 B
E 350} 180 E
o =
% 300 170 §
< bt
% 250} e~ D-mannose concentration | 60 %
£ 200 r - Molar conversion =
<
£ 150 : - : ' 50
A 200 300 400 500

D-mannitol concentration (mmol/L)

E6 E=(A.p-HEEXKEMB). TEUIERC)
% PsOX €44 7= p-H T HERY 21y

Figure 6 Effects of biomass amount (A),
D-mannitol concentration (B), catalase (C) on
D-mannose production catalyzed by whole cell
containing PsOX.

AR, AE SN I A B 2 Ak P g LA
fife il AR S, RIS [ IS B B D- T @M 1Y)
i MR IAREE G5 R ANE 6C BN . Ui
AALERES, PsOX 24fflAEHF 400 mmol/L D-H
BT, AN p-H &Rk E N

&: 010-64807509

381 mmol/L, EE/R¥:Ab%EF 95.2%,
2.7 PsOX. AldO £4paEL &K p-HE
HERY b AR

4 PsOX. AIdO 44 i & T P2 i ik
AL RN, D-H#EEE . D-H 2 bk B B A )
ALK 7A . 7B Fron, D-H #ERBEH B 73 g/L
(400 mmol/L)i, PsOX S 9 h B}, D-11 &M
SEARRN, D-TEEMIRE R 70 g/L, b3l
95.9%. AldO ) 24 h B}, Joids p-H @5
AL D-H BRI R 22 g/L, AL E N 30%.
¥ PsOX. AldO &4l E F 3 L Al P itE—
YRR, 255 4nEl 7C . 7D Fis, PsOX
SAMEERALIN 12 h JE, TG p-H @ EREI4,
D-H @B IE N 69.6 g/L, iLE N 953%,
AldO 38R ook - EE It 2561k, k%
N 32.3%,

3 WAhE5EA

AALEEAE FHEMSA L S R & b R T
2, FEXTHE AT C A P L A RS L -1 R
WAL R BAR A [T, ASBIF 53 LSS AR B AE R 2K
B D-H BEBEA R p-H ENE, LIRS i1L
RO o 2R AT 1 v K B B — A S AL
PsOX, 55 & 4l i) 24 5 K s 55 55 1 1) S AL il
AldO B A AR A A I M Ak 08 PR s, DN
A D-HEEBEMMEILEYE . ¥ PsOX 5 AldO 7
BITE R IAFF R IR FRIA, PsOX 5 AlO ¥
AR AR, MRS TR R B PsOX REMS
fEAL D-THEEBEA L D- T #8 0%, PsOX Xf D-1{#8
FE K Kea/ K T334 5.6.,0.68, #HHL T AldO
FEPUH S B SE FIPE FMIEAL R . PsOX ()
fifg= P oy 2600, Hodsd pH 5 a1 4 5]
Jy 7.0, 35°C, 7E 30—60 °CHELRFF1E e FE IS
FIHY 60% b o X PsOX 4 4 g i 1k 5 1y {4 £ 1F
fitidl, o SAE RIS 30 ODgoo/mL,
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Figure 7 Comparison of whole cell catalytic synthesis of D-mannose by PsOX and AldO. Whole cell
catalytic synthesis of D-mannose by PsOX (A) and AldO (B) in shake flask; Whole cell catalytic synthesis of

mannose by PsOX (C) and AldO (D) in fermentor.

B H B N 400 mmol/L, JFE/REEAL RN
95.2%.

BT HHETHGE A p-H R R AL TE
AL 2), e AR &8, W
LA . AR | 25 W R0 BnD B 150 i AT
M, (AWFR B E PR BT . B
FfRAT SR 9E , BeZ AR A O Y o b
T RS o ABFSE LS T PsOX 5 AldO 24
M A& % - 88 B AL ROCR, RPN
73 g/L i}, PsOX X D-H #1546 %0 95.9%,
AldO NEEH KW e Ak, bR 2 30%.
FARBERESY R TRV AR R, PsOX X} p-1
TR 95.3%, AldO 3R ICIEH D-1

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

FElE T AL, b3 32.3%, PsOX AT
AldO, 7E D-T &5 i B il 25 v BA B s Y T
AR R T

p-HER Tl 4 T E AR R, R4
WA W D-H EEAE 22 LA D-SRBE | D- R R
Y13k 3), A58 UL D-H E8 B M R, F ] PsOX
AALEFREDENS 73 o/L IR 2Rtk 1. T
b2, p-HEBEN " i 2 70 g/L, A7 REY
6 kg/(m’-h)., HERNLL p-HEFEAE NIED S N
D- T B TEA 7 A B i, TR 2R R 2
ity % Bk S 0 SR W, S R TR BRI A R
D-TFEEWE, WIS Y, FH R
JK f#% i (sucrose hydrolase, EC 3.2.1.26), H #&F
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*2 ATREXREFEEA v-HEEENMFENELE

Table 2 Oxidases with D-mannitol catalytic activity from different organisms

Enzyme Organism Substrate Kn (mmol/L) K, (1/s) Ko/ Kin
(L/(s'mmol))
AldO!! Alditol oxidase ~Streptomyces coelicolor A3~ D-mannitol  36+2 9.240.2 0.26
HotAldO!! Alditol oxidase Acidothermus cellulolyticus ~ p-mannitol 5.5 2.5 0.45
11B
SOXP% Sorbitol oxidase Streptomyces sp. H-7775 D-mannitol  7.38 - -

—: Means not mentioned.

x3 EMESH b-HER

Table 3 Biological synthesis of D-mannose

Substrate Enzyme Organism Substrate Condition Conversion
concentrate (g/L) rate (%)

D-fructose ~ Mannose isomerase!'!) Pseudomonas sp. 300 pH7.0,50°C 12
Mannose isomerase!'”  Qenotrophomonas rhizophila 100 pH 7.0,50°C 25
Dp-lyxose isomerase!'*! Thermoprotei archaeon 80 pH 6.5,80°C 20
N-acetyl-D-glucosamine ~ Pseudomonas geniculata 200 pH 7.5,50°C 39
2-epimerase(*?

D-glucose Cellobiose Caldicellulosiruptor 500 pH7.5,75°C 15
2-epimerase!'¥ saccharolyticus
D-glucose isomerase, Acidothermus cellulolyticus, 400 pH 6.5,65°C 15
Dp-lyxose isomerase!’”  Thermosediminibacter oceani
D-glucose isomerase, Acidothermus cellulolyticus, 100 pH 6.0,70°C 14
Dp-lyxose isomerasel'®  Peptococcaceae bacterium

D-mannitol ~ Mannitol oxidase Paenibacillus sp. 73 pH 7.0,35°C 96

JIii & i (mannitol dehydrogenase, EC 1.1.1.67)ff REFERENCES
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