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Abstract: [Background] Based on the sequence analysis of a novel recombinant highly thermostable
B-mannanase (ReTMan26) from a thermophilic Bacillus subtilis (TBS2), there are 3 N-glycosylation sites
(N8, N26 and N255) in the encoding gene of ReTMan26, and ReTMan26 could be N-glycosylated when
expressed by Pichia pastoris. [Objective] To determine the effects of N-glycosylation on the stability of
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ReTMan26. [Methods] Through constructing the three-dimensional structure models, the effects of
N-glycosylation on the stability of ReTMan26 were analyzed. Then, the N-deglycosylated ReTMan26
(ReTMan26-DG) was obtained using Native Protein Deglycosylation Kit. After purification, the
differences of enzymatic stability between ReTMan26 and ReTMan26-DG were determined. [Results]
The optimum reaction pH of ReTMan26 was 6.0, identical with that of ReTMan26-DG, and pH stability of
ReTMan26 was slightly higher than that of ReTMan26-DG in pH range between 1.5 and 9.0. The optimum
temperature of ReTMan26 was 60 °C, 5 °C higher than that of ReTMan26-DG. ReTMan26 retained 58.6%
of its maximum activity after treatment at 100 °C for 10 min. However, ReTMan26-DG retained 58.2%
residual activity after treatment at 93 °C and was completely inactivated after treatment at 100 °C for
10 min. After treatment with trypsin or pepsin at 37 °C for 2 h, ReTMan26 retained 91.2% and 70.5% of
its baseline activity, 23.7% and 25.6% higher than ReTMan26-DG, respectively. [Conclusion]
N-glycosylation could improve the stability of ReTMan26 at different pH, high-temperature and the
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resistance to digestive proteases.

Keywords: N-glycosylation, Recombinant thermostable B-mannanase, Purification, Stability
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Figure 1 Three-dimensional structure model of ReTMan26 (A) and its N-glycosylation sites analysis (B)

E 2A & ReTMan26 JEPE 4380 = 445 # &
ki Arg52. His87. Asn90., Glul49. His182,
Tyr224, Glu283. Trp284 #1A%, HA{i T4 4.
74 B8 C KIAY Glul49 5 Glu283 MM &R
P, J& ReTMan26 H i B PR 1 (0 R i ft AL Ao A%
PEABAL, X 2 AL F B AL TE P A e 1k
HARERCERH. B 2B W 3 A N-HiEEEbAL 5 1
2 MRBIAMEAL . SEAZMEAL AT 5 (Glul49 . Glu283)7E
ReTMan26 —4z5tdfsrAilcl, aTLLLEE, N26
5 Glu149 .N255 5 Glu283 7E25 ] FAb TR,
FEMIX 2 4> N-BESAR O S AR | = s T
TS AAAERS, BETE—EFEEXT Glul49 | Glu283 5§
B T e o A AL R A SR R R B, AT HE
ReTMan26 Hyf&sE 1
22 BEERKLEE

24 KR RF Orig-pPICZaA-X33 7E 50 L ik

Trp284

\f./ S/Argﬁ
e

Tt — ) ~His87
St fee
X

Glul49

Glu283

Asn90

/

His182

R IEHE ) R W R M 2 LA 3,

KW RIE, KB T ReTMan26 i &
5435 U/mL, N Tt KB AR AT TE oL, B
RIELE A ) B0 3T T SDS-PAGE LK 5[]
mF, BUas FIERREERE X33 (B AT A NESE R Y
PPICZaA %5 [ TR ) A& I I 1 50 b I WA X
S ILIE 4,

EXTRCK)MI L, T4 5EaREEEE Orig-pPICZaA-
X33 A 192 h JE I E L FIEWAE 42 KD BT H B
—HK. ISR, TAbE Y ReTMan26
P EWMA N 42 kD (K 5), UEIZ AR
ReTMan26 & 4k, K8 ReTMan26 (RS 4r+
4 36.132 kD, /INT 42 kD, UiHHZ S REERE Rk
() ReTMan26 Bk 4 T AN BRI T
ReTMan26 Hf7fE 3 4~ N-BERALAT 5, #IEHIT
ReTMan26 i Al BETE B T N-FEIEAL

2 ReTMan26 &M Q4% (A) K 3 > N-HEEALAL < 3T EEE B VTR EMAER 5747 (B)
Figure 2 Active pocket (A) and function analysis of the three N-glycosylation sites to the stability of ReTMan26 (B)

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



16 [DERYESEE [

Microbiol. China

6000 - 90
E 5000 L —a— Activity 30
5; —&— Biomass 170
2. 4000 160 =
5 3000 %02
3 40 4
2 2000 30 §
- &
E 1 000 20
z 10

4] L L 1 1 1 L 0
0 24 48 72 96 120 144 168 192
t(h)

E3 F|HEEFREEE Orig-pPICZaA-X33 BB E ik ik & B

Figure 3 High-cell-dentisity fermentation by recombinant
P. pastoris Orig-pP1CZaA-X33
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Figure 4 SDS-PAGE analysis of ReTMan26 expressed by
P. pastoris X33
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Note: CK: Supernatant of negative P. pastoris X33 after
fermentation; 1: Supernatant of recombinant P. pastoris
Orig-pPICZaA-X33 after fermentation for 192 h; M: Protein
marker.
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Figure 5 SDS-PAGE analysis of different purified enzymes
H: M EHEF Marker; 1. 4ifk)500 ReTMan26; 2. #ifb)q
) ReTMan26-DG; 3: #iifk)511 BS-Man.

Note: M: Protein marker; 1: ReTMan26 after purification; 2:
ReTMan26-DG after purification; 3: BS-Man after purification.
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£ 1 ReTMan26 5 ReTMan26-DG £ [EEEBTHIE T HA(ty,)
Table 1  Half-lives (t;,) of ReTMan26 and ReTMan26-DG at different temperatures

tio (min)
Enzymes
60 °C 70°C 80 °C 90 °C 100 °C
ReTMan26 360+15 252+10 120+3 20+1.0 12.00+0.50
ReTMan26-DG 300+12 2005 90+3 15+0.5 0.25+0.01
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Figure 10 Resistance of ReTMan26 and ReTMan26-DG to
digestive proteases
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