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Domain A
B 1. TcAmy BIRI =425
Figurel. Modeled structure of TcAmy.
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Figure 3. Characterization of the purified recombinanta-amylase TcAmy. A: pH-activity profile; B: pH-stability

profile; C: Temperature-activity profile; D: Temperature-stability profiles.
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*1 ARERBETFEBAUERFINEUER o-SEHEE TcAmy FEIERIFIE

Table 1. Effect of metal ions and chemical reagents (5 mmol/L) on the enzyme activity of purified recombinant
TcAmy
lons or chemicals Relative activity/% lons or chemicals Relative activity/%
Control 100.00 + 0.97 - -
K* 98.40 cr¥ 106.50
Mg 95.50 Co?* 114.20
Na* 102.20 zn* 101.30
ca** 107.20 Fe* 9.57
Ni%* 98.30 B-Mercaptoethanol 133.50
Ag* 93.24 EDTA 83.80
Mn?* 101.60 SDS 51.90
300
2
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£
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g
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Figure 4. Kinetic parameters of TcAmy with soluble 35°C 281.1 U/mg 0°C
starch as the substrate. 27%
30°C
A. niger®! Paecilomyces
Vinax (1.79+£0.11) mg/mL  (296.0+6.7) umol/ o _ »s
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* 2 RiE oM EE TcAmy 5 E Mt EEIEMERAE 30 °C THYEEIE SIELAR
Table 2. Comparison of the specific activity of TcAmy with other fungal a-amylases at 30 °C
Strain Optimum temperature /°C Specific activity at 30 °C /(U/mQ) References
Paecilomyces variotii 60 367.5 [21]
A. niger 60 100.2 [22]
Rhizopus oryzae 50 505.4 [23]
T. crustaceus 35 2389 This study
TcAmy
(2425 TeA my
N- Malbranchea cinnamomea a- McAmyA
a- Talaromyces (PDB: 3VM7) McAmyA
leycettanus JCM12802  o- Amy13A% TcAmy 55%
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3.40% 5.32% 2.74% 4.01% CGly
[27-=28] 7.87% 9.28%
Penicillium oxalicum SX6 N- Gly Pro
Arg
30%%% N- 5 2
TcAmy [31]
N- - TcAmy Gly/Pro a- TcAmy
(32)
[30]
11
EvXyn1il™ N
(loop ) (s3] TcAmy
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McAmyA
Caldicellulosiruptor bescii
TcAmy McAmyA [36]
(3
McAmyA a- TcAmy
46 TcAmy

(34 ) a-

McAmyA 34]

(solvent accessible surface a- TcAmy
area SASA) [35] N-
TcAmy  SASA McAmyA 3
265.2 A SASA o-
McAmyA 668.9 A

%= 3. {KiREs TcAmy #1528 McAmyA FHIFEHS HELE

Table 3. Comparison of the sequence and structural factors between TcCAmy and MCAmyA.

Statistics

TcAmy

(474 amino acids in total)

McAmyA
(470 amino acidsin total)

Number of residues

Arg 13 (2.74%) 16 (3.40%)
Gly 44 (9.28%) 37 (7.87%)
Pro 19 (4.01%) 25 (5.32%)
Gly/Proratio 2.32 1.48
Non-covalent interactions

No. of disulfide bridges 3 4

No. of hydrophobic interactions (5A) 421 420

No. of hydrogen bonds 924 996

No. of salt bridges (6A) 34 46

No. of aromatic-aromatic interactions 34 33

No. of cation-n interactions 15 17
Molecular surface

Accessible surface area (SASA, A?%) 16253.6 16518.8
Exposed nonpolar SASA (A% 8993.7 9037.7
Exposed polar SASA (A?) 4642.5 3973.6
Exposed charged SASA (A?) 2617.4 3507.5
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Characterization and cold-adaptation mechanism of a
cold-active a-amylase from Thermoascus crustaceus JCM 12803

Xiongzhen Yang™?, Yujie Guo?, Tao Tu”, Bin Yao?, Huiying Luo?, Lihong Miao™

! School of Biology and Pharmaceutical Engineering, Wuhan Polytechnic University, Wuhan 430023, Hubei Province, China
?|nstitute of Feed Research, Chinese Academy of Agricultural Sciences, Beijing 100081, China

Abstract: [Objective] To mine the genetic resource of novel cold-active o-amylases and revea their
col d-adaptation mechanism are of importance to deepen our understanding of cold-active enzyme and provide key
information for the molecular improvement of a-amylase. [Methods] Based on the genome sequence of
Thermoascus crustaceus JCM 12803, we cloned an a-amylase-encoding gene (Tcamy), and inserted it into the
expression vector pPIC9. The gene product was heterologously expressed in Pichia pastoris GS115 and
characterized. By using amino acid sequence analysis and homologous modeling, we studied the cold-adaptation
mechanism of TcAmy in viewpoint of sequence-structure-function relationship. [Results] TcAmy is a typical
cold-active a-amylase, showing optimal activity at 35 °C and remaining 27% maximal activity even at 0 °C.
Sequence and structure analysis indicated that in comparison to thermostable counterparts, TcAmy has low
N-glycosylation degree, decreased Pro and Arg contents and increased Gly content, and less disulfide bridges and
ionic bonds. [Conclusion] We obtained a novel cold-active a-amylase, with low N-glycosylation degree, specific
amino acid composition and intermolecular interactions, all contributing to its cold-adapted property.

Keywords: cold-active a-amylase, Pichia pastoris, homologous modeling, cold-adaptation
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