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RIER BRI A 85°C, R IREA pH £ T, Axe7 7t F % H(Half-life)#2if 4 h, £
Fl4 /& % T (1.5 mmol/L)F /£ T, Axe7 & W Tt A & R M B 7E 69(66.3£4.6)%—(95.7+2.3)%
Z R, LA R B Tt LEER — 2 Hen. BN TS A F R I AxeT 8 Kn #2 ke 1B 3
% 0.39 mmol/L A= 66.95 s, [4536 1 M & B R ASA M F K ILFH RAL— A AL RAF 89 TBE
RFEAERE B, AR & 6 Z BB L M R AR T — AT Tkt ey B i .

Characterization of an acetyl xylan esterase Axe7 from
Caldicellulosiruptor sp. F32
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Abstract: [Objective] A thermostable acetyl xylan esterase (Axe) was identified from a thermophilic
bacterium Caldicellulosiruptor sp. F32. [Methods] Based on genome annotation, protein blast, and
protein structural prediction, a family-7 carbohydrate esterase (Axe7) was found. After gene cloning,
plasmid construction, protein expression and purification in Escherichia coli, the recombinant protein
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Axe7 was produced. [Results] On the substrate of 4-Methylumbelliferyl-acetate (4-MUA), the optimal
pH of Axe7 was between 6.5 and 7.0, the optimal temperature was 85 °C, and the half-life of Axe7 under
the optimal condition was more than 4 hours. By incubation with 1.5 mmol/L different metal ions, the
retained activities of Axe7 were between (66.3+4.6)% and (95.7+2.3)%, suggesting the effect of metal
ions on enzyme activity. The results of enzyme kinetics showed that the K, of Axe7 was 0.39 mmol/L
and ke was 66.95 s~ [Conclusion] Our findings provide a potential enzyme for the biorefinery industry.
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LB (g/L) 10.0
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7.0 1L 1x10° Pa 30 min
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Eppendorf Bio-Rad
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Table 1 Primers for Axe7
Primers Sequences (5'—3")

P1 (Axe7) ATGGTATTTGATATGCCGCTTG
P2 (Axe7) TCATTCTAACATCTCCATAAGATAC

0.3 mmol/L) 5-6h
0.45 um
(Ni-NTA)
SDS-PAGE
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Table 2 Primers for point mutation

Primers Sequences (5'—3')
P1 (S183A) GCCGCAATGGGATTTGCACAAGGTGGTGGCTTG
P2 (S183A) CAAGCCACCACCTTGTGCAAATCCCATTGCGGC
P1 (E227A) CAAAGGATGCGTATGAAGCAATTAGAACATATTTCAG
P2 (E227A) CTGAAATATGTTCTAATTGCTTCATACGCATCCTTTG
P1 (H302A) TATCCTGACTTTGGAGCTGAACAGATTTTCTACTT
P2 (H302A) AAGTAGAAAATCTGTTCAGCTCCAAAGTCAGGATA
227 302 ) 1C
12 o- 9 B-
2 RN 2.2 Axe7 BYRAHI FFIEBFRIKL L
21 Axe? BRAEBABMRRRES A7 et 2
CAZy (www.cazy.org) D (28
pEAZY-blunt-E2
671  CE-7
pEAZY-Axe7
666 > BL21(DE3)
Axe7 ( 2B)
2058 kD pl - 5.03 23 Axe7 WIBGF M REAR
RAST Axe7 Axe? pH
( Clostridium cellulolytic 70 °C pH
Bacillus halodurans) 6.5-7.0 pH 6.0 75
¢ 14 GenBank  BLAST Axe7 (81.0£1.7 U/mg)  40%
Axe7 ( 3A) pH 7.0 Axe7
89% CE7 85 °C
64% ( ) ( 3B) 60 °C Axe7
MEGA 5.0 45%
Axe7 3C Axe7
( 1B) 85 °C (Half-life)
4 h 75 °C
I-TASSER Serve  Axe7 70 h Axe7
( 10
JW/SL YS485 (Thermoanaerobacterium sp. JW/SL ( 3D) 4- Axe7
YS485) Kn et 0.39 mmol/L  66.95 s
62.34% (PDB ID 3FCY) CE7
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80 [ Caldicellulosiruptor bescii (ACM59304.1)
100 = @ Caldicellulosiruptor sp. F32 (WP 011917935.1)
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0.2
1 Axe7 fEESHYEKIFR S
Figure 1 Bioinformation of Axe7
A RAST (Rapid annotation using subsystem technology) B MEGA 5.0
C I-TASSER

Note: A: RAST-based genome annotation analysis; B: Phylogenetic tree of Axe7 and other homologous by MEGA 5.0; C: Predicted
structure of Axe7 by on-line tool ‘I-TASSER’.

3 Axe7
(C02+ Fe3+
Me2" NiZ* 2+ 2+ 2+
Axe? g Ni© Mn™ Zn" Ca 1.5 mmol/L)
EDTA (
SDS 5 mmol/L)
Axe7 4
(95.7£2.3)% EDTA (98.4£1.2)%
(1.5 mmol/L)
éi{t;&:x;;gé@ﬁ E;i% BYH I AN IR AU RIZ BRI (A) Axe7 (66.244.6)%—
yS&: FRIEHERB)
Figure 2 Target gene and constructed plasmid (A), and (77.2%4.8)% SDS
purified recombinant Axe7 in SDS-PAGE (B) (<10%)
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2.4 Axe7 EMHRLETE Ser'®’
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Figure 3 Enzymological characterization of Axe7
A Axe7 pH B C D

Note: A: Optimum pH; B: Optimum temperature; C: Thermostability; D: Kinetic curve of Axe7.

%3 REAFRHAEH CET Rkl LR

Table 3 Comparison of CE7 family esterase from different bacteria

pH . .
Bacteria species Optimum Optimum K (mmol/L) keat () Specggjzrs;;lvuy
pH temperature (°C)

Bacillus pumilus PS2131 8.0 55 1.54 (a-Naphthyl acetate) - 34.00+2.00 (4-MUA)
Bacillus subtilis subsp. subtilis = = = = 4.7 (pNP-acetate)
str. 1684
Thermotogamaritima MSB8!" 6.5 90 0.120.08 69.9  89.0 (pNP-acetate)
Caldicellulosiruptor sp. F32 6.5-7.0 85 0.39 66.9 81.0+1.7 (4-MUA)
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Figure 4 Effect of different metal ions, metal chelating
agent (EDTA), and denaturant SDS on Axe7 activity
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Figure 5 Identification of the active sites on Axe7 (Thermotoga maritime MSBS)
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Note: A: Predicated catalytic sites of Axe7 by I-TASSER; B: € 4 AxeT
Specific activities of Axe7 after mutation. (66.3+4.6)%—(95.7+2.3)%
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