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H E. AF3F D-FREAE-3-£ @ +##E (D-allulose 3-epimerase, DAEase) K&, N , KA 55 bt | B R & o
FatiE RO RR BERNE TR, EIAT HI - MBI 6 S B DAEase 123537 K%, AR i ik 2
DAEase #7 /7| 3t 3t 47 R AL, #) A ABARIRAT A NCBI 438 & P 75 £ Rl R A5, B B R 5 R R BHA T K
W BN R BARHUIE 3% 38 5 5] AT 47638 4 & R Bl 41549 DAEase 1%i% 5 5 #t 47 G I03E, KL 2 Nd ok
it 55 A& 2 DAEase 1BALEM, M 3 AMESIEL T I EALERMAL, 5 IR ARD & AT E R FH O RR T REm
@ (Firmicutes bacterium) HGW #) DAEase (Fbh-DAEase) #t47 % 4, 45 R % 77 . Foh-DAEase 4 3 £ /& & TR #ifs, 2 &
#ER W pH 4 6.5; iR E A 55°C,45.50.55 Co¥xH5 A4 3.9.2.3.1.7h; i R & 54 F Fbh-DAEase #9ti&
#1153 254.3 U/mg. vA 500 g/L D-F-4& % &4 o+, Fbh-DAEase 48 1L2_& 8 h /& D-ITi4BA4E = 2L 5] 137.8 g/L, &4k 5%
H 27.56%.5 A DAEase 48k, Fbh-DAEase #) b7 /1 fe il @ MARA 23 SR P, ki pH A HB@mu, LA —%

79 5 M,
KR D-PSEINE-3- 22 M S AEE; BREEHE; D-FISERNE; dWrkkik; Aaidys
FESES: Q93 XHEFRER: A XERS: 1672-6510(2026)01-0001-10

Computer-Assisted Mining of a New Sequence of DAEase
Based on “Sequence-Structure-Mechanism” Strategy

DING Wentao"*, HUANG Chi', LIU Chensa', LI Ruohan', WANG Changlu"?, GUO Qingbin"?
(1. College of Food Science and Engineering, Tianjin University of Science and Technology , Tianjin 300457, China;
2. State Key Laboratory of Food Nutrition and Safety, Tianjin University of Science and Technology, Tianjin 300457, China)

Abstract: To enrich the family of D-allulose 3-epimerase (DAEase) , the present study developed a novel computer-assisted
DAEase mining strategy based on “sequence-structure-mechanism” approach via applying sequence comparison, homology
modelling, molecular docking, protein expression, and enzyme activity assay. By using this strategy, DAEase sequences
were successfully identified, and one DAEase sequence was characterized. Homologous sequences were screened from the
NCBI database via sequence alignment with template probes, and the candidate sequences were comprehensively scored
based on the docking quality, the number of hydrogen bonds and the catalytic mechanism consistency. The coding genes for
DAEase candidates with different scores were synthesized, and expressed for the function validation. Two high-scoring can-
didates exhibited significant DAEase catalytic activity, whereas three low-scoring candidates showed deficient catalytic ac-
tivity, which was consistent with predictions. The DAEase from Firmicutes bacterium HGW (Fbh-DAEase) with the highest
catalytic capacity was further characterized, and it was found that metal ions were not essential for activity. The optimal pH
of Fbh-DAEase was 6.5, the optimal temperature was 55 ‘C, with the half-life of 3.9 h,2.3h and 1.7 h at 45 °C,50 ‘C and
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55 °C, respectively. The specific enzyme activity of Fbh-DAEase reached 254.3 U/mg under the optimal conditions. In a
reaction with 500 g/L D-fructose as the substrate, by the catalyzing of Fbh-DAEase for 8 h, the resulted D-allulose produc-
tion reached 137.8 g/L, and a maximum D-allulose conversion rate was 27.56% . Compared with existing DAEases, Fbh-

DAEase demonstrated higher specific activity and thermal stability, with an optimal pH of Fbh-DAEase in the weakly acidic

range, thus highlighting its significant application potential.

Key words: D-allulose 3-epimerase; new enzyme mining; D-allulose; bio-transformation; synthetic biology
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DBl B (D-allulose) J2&—FILE L 1 D REPE
i, FLAT A A Tt A D A AR | AR A
AN T KPS Rl SR BEAS R R AYB 2%
IR . D-BT& FBEAE 3 2R S & it b, LRI
AR R, HAT 2@ DB EE -3 22 n] 5244
fii (DAEase) LY DM kA= Ay AL SO A 7
Az Hoh | DAEase AOMEALIEE | At  pH B
FEE | i 4 B SEME SN DBl ERE ) Tl Ak
e Y B, CRiER DAEase 47 30 4%
Fifr, A AT P AR PEAE Tl A 1 FH A7 i AN
J&; 3248 DAEase #1741 . F & DAEase ZHALT XS
RAf#HT DAEase BMEALHLEE | 255 DAREase fiEfbE
AEHAEE X,

H AT, BT 51 AT 38 2 A Py e 12 5l 41 i 1k
PRSI A TH2408  ZE W)k Se M A SR b i 1B
HAFR e Reny A, JEmaE b iy | xS ik 3R
HCH PR B Y 9 N gmad BE 8 5 1y g1 e vk e R A 2
A1 DNA | B 7 41 SO, i 5 2 A Re &
BT 90 L, DB e v B 0 e 7 )7 4, P Rt
S g R L YRR . AU L R TAER R,
Yoshihara 457 M\ H <25 HlC8E T 40 Rl 4R &, 2%
FE HR I T ERIE T FF I (Arthrobacter globiformis) HY
DAEase., K2 ¥ %%k AR | KRR PR AR L
AFMAE YIRS TR AR5 B, BT R R Tk
FELT 41T (Rhodobacter sphaeroides) SKO11 B #K Il
Wi SR o P4 TN 32 A ) SR B, 9025 1
JF 40 i e PR, SRR RN AR — A B AR
25, ity B LA R 8 O A O R T KR R S Li
SEPVRLTF R0 He Xt U e 2 1, i N T A i 4%
4ty DAEase HYEEA , FI &SGR S Hr gk L
B 7, P AR O U8 T 3% [G b AR AR TR (Sinorhi-
zobium fredii) CCBAU 83666 I) DAEase. 42"

TP A LT S P AN RAE T R BOR s e 8 1, 283
FEAE R, B RR S ml e s, s i ok
Ui W8 AL W) (Thermoclostridium  caenicola) 1
DAEase . # FILIT 51 i 18 7 W00 AE A BEAIG , 75 225 il
KARAGEIE P A A T 30 UE , AR a8 1 208 3%, X5
B SRS R EOR IR S RN R B R RS o
DRI, R v A B 90 i 1k S5 PP i, 8 v Tl o
HRE , X =B P NS IR | 703 A A ) o T
TTHAREREE L,

AT S R FI 4 0 e T R R Aff AL L i
SR AE R KU 5 A () R, AR S 2R s R A1) EXT
[R5 3 F X SR RO, s — I )P4 -
SERE BI04 425 4 SR e 5 kAN ) T 401
PP AN A 76 B I8 S YIREISUE , 35 UF BT 5 e Tt
FITRERA I 5 RAEFT RIS 5T DAEase J781 AMEFLRR:
WS HAE DB Bt A= v i 0 o

1 HRSH®

1.1 EARH . AL

BERIE T IEREAN S (Firmicutes bacterium) HGW |
i /5 8 I Kiritimatiellae  bacterium) . 58 B % H
(Ruminiclostridium sp.) . ¥R i (Clostridia bacterium)
FNVA8h ZE FC MR I (Clostridium  hylemorae) ) DAEase
55454 & Fbh-DAEase (GenBank : PKM58594.1) .
Kb-DAEase (GenBank : MBR4170875.1) , Rsp-DAEase
(GenBank : HBR01360.1) . Cba-DAEase (GenBank :
NCC75983.1) H1  Ch-DAEase(GenBank : WP-
138263192.1) o K¢ b ik HAREE H A2 5 Fr 5 AR s R
FF R (Escherichia coli) B FwiF 1040, N T &
B CR A G R B A R A | IF e 3 pET-
22b (+) BAKRH) Nde T F1 Hind T EFYIA 3 2 18], W 1
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T, SF T P -SSR -HLEL AL ) DAEase BiE 8424 + 3

PR o EALTRLS)  i 45 0 pET-22b-Fbh , pET-22b-
Kb, pET-22b-Rsp . pET-22b-Cba Al pET-22b-Ch, 41k,
E. coli BL21(DE3) , #1531k HFrE AR E4H TF
, Ay 9lfr 448 BL21-pET-22b-Fbh . BL21-pET-22b-
Kb, BL21-pET-22b-Rsp . BL21-pET-22b-Cba 1 BL21-
pET-22b-Ch, Ir A3 3500 W 3% A b 5t R 3 i BHB AT R
NE KR LBA WA SR (BEER B Sg/L,
JEE AW 10gL, AL 10gL, A X HH R
100 mg/L) .

(6069) HindIll

5000

)y
(5203) Nde 1 \X\s?agt Orfl Ogg’ﬁ
‘ 3 y
T7 promoter q}g(\\\e‘gi\ va

R
\Qb&

pET-22b-DAEase
6 246/ HE X

E 1 pET-22b-DAEase #{fi&itmEE
Fig.1 Schematic diagram of pET-22b-DAEase vector
design

1.2 SEEFHE
1.2.1 D-FT&BAAE-3- % v 57 My Bl o 25 B A2 3

DL H BT C OB A A ) S AR I R AT Y
KW T A4 Z R E (C cellulolyticum) H10M (Ce-
DAEase) . 12 1R ZF #l #F & (C. bolteae) ATCC Baa-
613" (Cb-DAEase) 1 Z 71 #T 5§ (Desmospora sp.)
84371 (Dsp-DAEase) ] DAEase 5 51|/ Jy 45 41 1
B2, 7E NCBI ffa %70 #H] BLASTP JIREZEA T
FoX, BRI TE 65% ~ 85% YU BBl PN B 3 IR /7 471
(%) 80 #%) ATHE—0Mr . ] Mega 7 BAFHEEA
[R5 DAEase (9 FR G0 A B, 2048 1 B[R]
122 FRER-5T 5T

fE B Swiss-Model (http://swissmodel.expasy.org/)
X DAEase JFAHFA TR TRIN , L HCS H 9 8E E [R15
HFP o —Befi s 1) & R 1 sl A i, #E471R]
P, X A A AR A T e S DA, i S5 A AR
BRI BT i o AN 22374 DAEase Z54 58S (1]
FEPE: (1) 3#1d PROCHECK Hif xSk sk ik
Co —HMME TSI TIEAL ; (2) it Verify3D K

PR S5 F AR 5 7 B 2 SRR Y 0 B A 2 1k A T
A

1E PubChem (http://pubchem.ncbi.nlm.nih.gov/) H
AT D-RBER) —4EL5H , i3 Discovery Studio %14
WA/ N FIEARR) 3D 1k, [FIEPH: DAEase 4541570
5 D 3D BRI TR AL 0 #T , 7E DAEase 4%
PR AR5k 1 4% P05 3D bR D-SFAidt 4> 1
X4, it Pymol #RAFHEAT 43 XHESS R AT AL 53
Br, EHCH ME AT,

1.2.3 DAEase # %k

VR AT AL« TP 4 D BA A IR A AE T I Y
BL21-pET-22b-Fbh ., BL21-pET-22b-Kb . BL21-pET-
22b-Rsp . BL21-pET-22b-Cba #l BL21-pET-22b-Ch,
WA T A AMP (&S W 100 pg/mL) [F 4
.37 CHgE 12~ 14h,

ALK 5 78 AR 3 UK B AF 1 E. coli
BL21 PATETE, #MZE 10mL LBA WiIARFRHH,
37 °C . 200 r/min 3 FE 12 hs

REREFE  Fie 1% MR, B 1E T 525 i T
W ZE 500mL LBA WIKKE IR, 37 C |
200 r/min fEIRIEKREFE 1.5~ 2h, Wil 600 nm AbHY
WG (Aso0) o

fRIRIAS MR Aeo = 0.6 ~ 0.8 Hf, IMAZH
HREN 100 pg/mL 1Y 57 N FE-A-D-GiA G ZUbE 1
(IPTG) 5% DAEase ik, 16 'C 200 r/min 1537
12~16h,

BOWEREK: BRLIFEFELF, 4T
4000 r/min 5.0 20 min, YA REIARDLTE, @ PBS 2%
I (50 mmol/L, pH 7.5) T2 ARG PR E L (4 °C |
4000 r/min E5.0> 25 min) , YA FA
1.2.4 DAEase #4-5 44t

T E4] DAEase &1 L% T 6 x His R4,
FIt AT FH NG S A2 et £ 128 1 i

) B UCEE B AR R I 50 mL PBS 28 i B
=, BTk R, B (EK 180 W) MR 4H A, HS
W] 45 min OF 2s, % 5s) o Br4ifaicm T 4 C.
8000 r/min #.[> 20 min, WA EIHW, #d 0.45 um
IR R UERE B2 o, 15 2R AR o AR R AR 2tk Fnisk
VG g i N RMTRE BB L 0.5 mL/min
WA NI JZH, 254 2~3 W, TR il
VEMEZREE 1, fe )i FVEMGZE gl B B I8 T IRk
B BB A 0 TR 2 x 10° FH IR e 4 H
(I PR, I PBS ZEnPvEd 2 W, A
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BCA 1@ milifl & st R R A B D Il
FERE SR TR
1.2.5 DAEase B_F &4

FWARZ : PBS 22 50 mmol/L (pH 7.0) ,
D-HHE 500 g/L, DAEase 1 umol/L. ¥ ik s ik &
BT 55 CHEIEABH TN 0.5h, W45 H 5 & ik
10 min 2 1FJ2%, 10 000 r/min 5.0 5 min, B3/
AT R O 35 (HPLC) 434
1.2.6 = #t &20k A8 &5 T

i Agilent LC1200 %0 AH € 35247 43
BT o 038 45 . Waters Sugar-Pak | &34, A
80 °C, 7R ZEHT LA I #5% , W 2h AR A8 2K, Ui i
0.6 mL/min, #FA£H 10 uL.
1.2.7 DAEase B 5 H il &

Fel81.2.5 YA RCH OVAR R , 2 i s iR R v
IR EE | pH R4 8 B 7, M AN R 551 T I g -

WG I E X (W U) : 7E 55 C4AE R, BAfr i fa]
(1 min) P DAEase b D-S3:0HA 5% 1 pmol D-Filis
i) AR T T L) T R o AR R D— BT I A B Y vk
Cepprmn ) TN D=FHEOVIREE (¢, ) F B (D) 31
FEALR (R) o

R=__ Somismm 000, 1)
Co-prsmm T Co-pm
1.3 HiRSHT
JiA SR A AT 3 W, BAELL I £ B
Welh 22" Fm . A Prism ., SPSS #fFrh ¢ A5G H1 ¢
KB B EA 707 22 o3 A Z2 A e i

2 #R5HL

21 ETRFY . HHRELVEREE DAEase
fgiz R

2.1.1 AT 5545 849 DAEase 1% it 55 L B

H Mega 7 BRA4: EE X35 50 03 43 E ARG
DAEase J¥41], i R G R B, G5RAE 2 PR o 1%
BEFFAI A48 3 52 (Cluster) : Cluster 1 HH R BE
J¥ 4 5 k08 T M98 T/ )8 (Mesorhizobium  japoni-
cum) MAFF 303099 , BRIE 1575 (drthrobacter globi-
formis) i) DAEase AbF [A]—iE4k 45337 ; Cluster 2 H1f#)
i 3% 17 41 55 R I8 T DR SR (Halanaerobium  congo-
lense) i B W (Ruminiclostridium cellulolyticum) i)
DAEase Ak [F]—#E4b73 3 ; Cluster 3 H R EEFF5]
SRR TEA4EZ R E (C. cellulolyticum) . AR AT
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(C. bolteae) FZ- AT I8 (Desmospora sp.) 8437 1Y
DAEase b T [al—i#k{b 53 3 o
2,12 A TRREESSTEG RO REHSIT

SR E— R B 1 A R RO A A T R L T X
TR S AT RIS AT, EASE ) M M TS 5 ™ A
R, T Cluster 3 H 1975 5454k (PDB
3VNK) PFRRLRE B , A7 B 32 = E v af | e
Cluster 3 H1/) 8 AT HIUEA 7[RI ERAR o 4351 DA A
BEPE 4> (Swiss-Model # 4, #7453 >0.8) . Ca—_TH fi
(PROCHECK #kff:, $F-43>90) FlZd SR )7 5 AH 25 1
(Verify3D /4, W4 >80) 3 A7 i Xk 1 51 [m] Y4
AR AT PEAN , A B E P 5 Ch-DAEase
Cba-DAEase . Fbh-DAEase . Kb-DAEase #HI Rsp-
DAEase #581 Jiitik ElhnifE , Al HFJRIE—2 5347
2.1.3 &k DAEase /-7 94 L AHLIE 547

4 BH P X B (Cc-DAEase) 5 Ch-DAEase . Cba-
DAEase , Fbh-DAEase , Kb-DAEase fil Rsp-DAEase ]
3D #iAIS A Discovery Studio A4, BHlic A DR
Wi 3D 1bJ5 5 Fik DAEase BOBIHEAT /07X, ¥4
ZERMN 89.62 . 88.33,94.28.92.53,96.89, A7
B IRTEAr B3R (80 43) o 1 1k Hh Lo 1R S S R R AL
SIRYIAHEAE R WA 3 Fis o MU SCHkikiE
G106.E150 . E155 . H186.E244 %} DAEase HUfE{LIE
PEANZE R R e R 25 G AT . Ch-DAEase . Cba-
DAEase ., Fbh-DAEase . Kb-DAEase fil Rsp-DAEase 1]
KEEAFERAN B9 3.4.5.4.2 4, Hrp Fbh-
DAEase [/ 4 & IRk I 5 i 2, 5 FHAEXT BR
(Cc-DAEase) —3, ifii Rsp-DAEase F#/b, AF|T
K3 DAEase #E{LIIHE

JEE A5 1 T O B SRR Y B ) A A 5O B
fitg 5 ) Z [ R SR, BRAE IS5 S RS &
%4 5 4 . Ch-DAEase . Cba-DAEase . Fbh-DAEase .
Kb-DAEase fll Rsp-DAEase & E40535 0 6.5,
7.9.6 A, BHPEXT R (Ce-DAEase) 1 258 7
A, Hirf Fbh-DAEase #11 Kb-DAEase {40 414
AMIETF Ce-DAEase 1, A FF 5 R,
HaRas A R .

DAEase "M Glu 582 (E150 il E244) &%
AL s, Hodh—A Glu #R3E e S U (40 DR
B B9 C-3 (LB EBR— T, A cis-enediolate H
(B, Bl 5 FEXHIU ) 55— Glu 58386 C-3 i1k,
E150.E244 [AlAt S C-3 JERUAHEAEM )1, 76 DAEase
WAL VE R h 2 g i8R X B8 (Ce-DAEase) |
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MCC7334304.1 sugar phosphate isomerase/epimerase Pirellulaceae bacterium

MCC7334304.1 MAG: sugar phosphate isomerase/epimerase Pirellulaceae bacterium

MCA9181034.1 sugar phosphate isomerase/epimerase Planctomycetales bacterium
MCA9132758.1 sugar phosphate isomerase/epimerase Planctomycetales bacterium
RMF37125.1 sugar phosphate isomerase/epimerase Planctomycetes bacterium

WP 145086424.1 sugar phosphate isomerase/epimerase Aureliella helgolandensis

HBE66876.1 isomerase Planctomycetaceae bacterium

100 HBE66876.1 MAG TPA: isomerase Planctomycetaceae bacterium

88 MCC6511547.1 sugar phosphate isomerase/epimerase Pirellulaceae bacterium
>BAW276657.1 D-allulose-3-epimerase[Arthrobacter globiformis]
77 HAC90605.1 isomerase Planctomycetaceae bacterium
27

MBX3420566.1 sugar phosphate isomerase/epimerase Pirellulaceae bacterium

WP 164101133.1 sugar phosphate isomerase/epimerase Candidatus Laterigemmans baculatus
WP 231604557.1 sugar phosphate isomerase/epimerase Crateriforma conspicua

WP 231604557.1 sugar phosphate isomerase/epimerase Crateriforma conspicua (2)

100 | TWUG65624.1 D-tagatose 3-epimerase Crateriforma conspicua

WP 235951177.1 sugar phosphate isomerase/epimerase Crateriforma spongiae
MBL6725961.1 sugar phosphate isomerase/epimerase Rubripirellula sp.

TWT95541.1 D-tagatose 3-epimerase Rhodopirellula pilleata

NND97288.1 sugar phosphate isomerase/epimerase Pirellulaceae bacterium

23

QDTO09615.1 D-tagatose 3-epimerase Planctomycetes bacterium K239 SClus
>BAB50456.1 ml13595[Mesorhizobium japonicum MAFF 303099]

100 WP 146522180.1 sugar phosphate isomerase/epimerase Stieleria varia (2)
TXHO01866.1 sugar phosphate isomerase/epimerase Candidatus Moranbacteria bacterium
MBL8869370.1 sugar phosphate isomerase/epimerase Planctomycetaceae bacterium
MCE3017344.1 supar phosphate isomerase/epimerase Pirellula sp.

100 MCF7962782.1 sugar phosphate isomerase/epimerase Pirellula sp.

NQW49503.1 sugar phosphate isomerase/epimerase Planctomycetes bacterium
MBUG6236333.1 sugar phosphate isomerase/epimerase Planctomycetes bacterium
MBM3964471.1 sugar phosphate isomerase/epimerase Planctomycetes bacterium
MCE2811279.1 sugar phosphate isomerase/epimerase Planctomycetaceae bacterium
99 MBUG6384688.1 sugar phosphate isomerase/epimerase Planctomycetes bacterium
WP 145097430.1 sugar phosphate isomerase/epimerase Anatilimnocola aggregata
AXLO06672.1 sugar phosphate isomerase/epimerase uncultured bacterium
HANO96618.1 isomerase Planctomycetaceae bacterium
MCA9269934.1 sugar phosphate isomerase/epimerase Planctomycetales bacterium
WP 145054098.1 sugar phosphate isomerase/epimerase Lignipirellula cremea
TVS19018.1 sugar phosphate isomerase/epimerase Planctomycetaceae bacterium
98 TVRO05528.1 sugar phosphate isomerase/epimerase Spirochaetaceae bacterium

{WP128493859A1 sugar phosphate isomerase/epimerase Labedella phragmitis
100 WP 128497502.1 sugar phosphate isomerase/epimerase Labedella populi

WP108249179.1 sugar phosphate isomerase/epimerase Planctomonas deserti

100 TFD76442.1 sugar phosphate isomerase/epimerase Cryobacterium sp. Sr8

WP 092324101.1 sugar phosphate isomerase/epimerase Cryobacterium psychrotolerans

WP134487449.1 sugar phosphate isomerase/epimerase Cryobacterium sp.Sr47
WP _110301365.1 sugar phosphate isomerase family protein[Halanaerobium congolense)

64

WP 121671882.1 sugar phosphate isomerase/epimerase Mycetocola manganoxydans
WP 108392186.1 sugar phosphate isomerase/epimerase Mycetocola zhujimingii
100 WP108963289.1 sugar phosphate isomerase/epimerase Mycetocola zhujimingii

WP 179579789.1 sugar phosphate isomerase/epimerase Leifsonia psychrotoleransq
MBC7723686.1 sugar phosphate isomerase/epimerase Burkholderiaceae bacterium

WP 134443404.1 sugar phosphate isomerase/epimerase Cryobacterium sp. TMS1-20-1
TFD22629.1 sugar phosphate isomerase/epimerase Cryobacterium sp. TMS1-13-1

WP241977726.1 sugar phosphate isomerase/epimerase Cryobacterium sp. TMS1-13-1
WP 134577364.1 sugar phosphate isomerase/epimerase Cryobacterium sp. Hh11
WP_015924461.1 sugar phosphate isomerase/epimerase family protein[R. e/lulolyticum]
WP 104191733.1 sugar phosphate isomerase/epimerase Cryobacterium sp. Y 82
WP 134528131.1 sugar phosphate isomerase/epimerase Cryobacterium sp. Sr54
WP 241984368.1 sugar phosphate isomerase/epimerase Cryobacterium sp. Hbl
1000 TFD69332.1 sugar phosphate isomerase/epimerase Cryobacterium sp. Hb1

-

99

4'100 WP-DAEase-Hs 3 sugar phosphate isomerase/epimerase family protein

WP 009711885.1 sugar phosphate isomerase/epimerase family protein Desmospora sp.8437
EDP19602.1 hypothetical protein CLOBOL 00069 Enterocloster bolteae ATCC BAA-613
100 7|_|3 NLWO02352.1 TIM barrel protein Clostridiaceae bacterium
1 00 HERO01360.1 dolichol monophosphate mannose synthase Ruminiclostridium sp.

45 | MBR4170875.1 sugar phosphate isomerase/epimerase Kiritimatiellae bacterium

24 WP 138263192.1 sugar phosphate isomerase/epimerase family protein Closetridium hylemonae
36 PKM58594.1 dolichol monophosphate mannose synthase Firmicutes bacterium HGW-Firmicutes-3|
96 ACL75304.1 Xylose isomerase domain protein TIM barrel Ruminiclostridium cellulolyticum H10
0.050 75 NCC75983.1 MAG sugar phosphate isomerase/epimerase partial Clostridia bacterium

TE 2L AR T HIER) DAEase JP51 , B AR TIBARIRE N NCBI B i L 45453 19 DAEase /751,
E 2 DAEaselZiEF3IRGEREN
Fig. 2 Phylogenetic tree of DAEase candidates

WP 050453618.1 sugar phosphate isomerase/epimerase family protein C. Burkholderia verschuerenii-

ter 1

~Cluster 2

— Cluster 3
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E244 ,H\
‘k E156 ,
: N
2 N E150 -L HI85
b E244
G106K E155
H186
E156 R214
E150
(a) Cc-DAEase (b) Ch-DAEase (c) Cba-DAEase
His6 E156 Wil2 H209 E244
T g f-g
, G105 : -
E156 ¢
ﬁ ™~ =
4 R215

R215 f( )
3 EM‘
£

(d) Fbh-DAEase

H186

3

"ﬁ%; ¥

(e) Kb-DAEase
EEROXESERZESEYNERXR

E150

Y67
(f) Rsp-DAEase

Fig.3 Activity centers of key amino acid residues in relation to substrate action

() E150,E244 fefS5 C-3 r'E MM EAEM 1
(K 3@ ), HHTF C-3 B EHFETH. Fbh-
DAEase . Kb-DAEase 5 Cc-DAEase ffLl, Wi /& C-
3 et skt
2.1.4 DAEase 1& ik 571 69 42 57
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