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Research Progress on the Microbial L-Arabinose Isomerase

CHENG Li-Fang MU Wan-Meng ZHANG Tao JIANG Bo®

(State Key Laboratory of Food Science and Technology, Jiangnan University, Wuxi 214122)

Abstract: L-arabinose isomerase (L-Al) can isomerize L-arabinose and D-galactose into L-ribulose and
D-tagatose, respectively, which is currently the most effective biological catalyst for D-tagatose production.
The crystal structure of L-Al has been solved recently and its gene has been cloned, sequenced and overex-
pressed. L-Al improved by protein engineering will be the dominant enzyme for industrial production of
D-tagatose. This paper reviewed researches on protein structure and function, properties and application in
D-tagatose production of L-Al, and the long-term potential development of L-Al was prospected.
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Biochemical properties of L-Als from different microorganisms
L-Al pH
Microbial origin of L-Al Optimum temperature(°C) Optimum pH Half life(min) Metal ion
Aerobacter aerogenes™ 50 6.4~6.9 NR Mn**
Alicyclobacillus acidocaldarius®™ 65 6.0 NR Mn**
Bacillus halodurans'® 50 7.5~8.0 20 (70°C) Mn?*
B. stearothermophilus US100") 80 7.5~8.0 110 (75°C) No
Escherichia coli® 30 8.0 60 (50°C) Fe*', Mn*"
Geobacillus stearothermophilus T6!! 70 7.0~7.5 52 (80°C) Mn?*
G. stearothermophilus[g] 65 8.5 17 (70°C) Mn?*
G. thermonitrificans!"® 70 8.5 42 (75°C) Mn**
Lactobacillus gayoniit'"! 30~40 6.0~7.0 NR Mn?*
Lactobacillus plantarum™ 50 7.0 NR Mn?*
Mycobacterium smegmatis'"! 45 7.0~7.5 10 (45°C) Mn?*
Thermoanaerobacter mathranii™ 65 8.0 NR Mn?*
Thermotoga neapolitana 85 7.0 120 (90°C) Mn*", Co*"
T. maritima'® 90 7.0~7.5 185 (90°C) Mn?*, Co**
Thermus sp.!'"! 60 8.5 NR Mn?*
Note: NR: Not reported
3.2 L-Al B9E§=14fR s Thermotoga neapolitana[”] T.
3.2.1 L-Al RE&RIERE: L-Al maritima"®  L-Al 85°C~90°C
s 30°C~50°C R
Aerobacter aerogenes[4], Bacillus halodurans[6], Es-
cherichia coli’®, Lactobacillus gayonii™", Lactoba- D D
cillus plantarum'? M. smegmatis'"*'; ) i
L-Al 60°C~80°C R ’ ’
B. stearothermophilus'”, Geobacillus stearother- ; (60°C ) D-
mophilus'®”, G. thermodenitrificans"™'®, Thermus ", D-
sp.t”] Thermoanaerobacter mathranii''™¥; ) 80°C
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Table 2 Kinetic parameters of various L-Als

Substrate L-AI Microbial origin Vinax (U/mg) Ky (mmol/L) kcat (1/min) keat/Kim [L/(mmol-min)]

L- Aerobacter aerogenes'™ NR 33 NR NR
Alicyclobacillus acidocaldarius™ 35.5 48 1989 41
Bacillus halodurans'™ 33 36 1864 51
B. stearothermophilus US100'"} 42 29 2040 71
Escherichia coli® 248 60 NR NR
Geobacillus stearothermophilus T6'! 37 63 2048 33
G. stearothermophilus™® 96 67 4100 61

G. stearothermophilus

(Gt vz 134 100 6475 65
G. thermonitrificans"" 86 145 6960 48
G. thermonitrificans (mutant enzyme)!'®! 178 106 14434 136
Thermoanaerobacter mathranii™ NR 80 NR NR
Thermotoga neapolitana'™ 119 116 6740 58
Thermotoga maritime''® 41 31 2340 75
D- Aerobacter aerogenes'™ NR 270 NR NR
Alicyclobacillus acidocaldarius®™ 7.5 129 NR NR
Bacillus halodurans'® 1.3 167 120 0.4
B. stearothermophilus US100"") 8.9 57 438 8.5
Escherichia coli® NR 14800 NR NR
Geobacillus stearothermophilus T6'! 9.0 120 516 43
G. stearothermophilus™® 7.8 145 173 1.2
G. stearothermophilus 376 578 1211 21

(mutant enzyme)[zo]
G. thermonitrificans"® 6.9 408 204 0.5

G. thermonitrificans
(it enzymf;)“g] 35.4 399 1046 3.1

Thermoanaerobacter mathranii™™*! NR 120 NR NR
Thermotoga neapolitana'™ 14.3 250 810 32
Thermotoga maritime!'® 8.9 60 504 8.4
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Table 3 D-Tagatose production from D-galactose by various L-Als

D- D-
Microbial origin Temperature(°C)  D-galactose (g/L) D-tagatose (g/L) Conversion rate (%) Yield [g/(L-d)]

E. coli®" 30 100 28.8 28.8 4.1
Lactobacillus plantarum™ 35 100 39 39 9.8
G. stearothermophilus! 60 100 31 30.6 46

G. thermodenitrificans'’ 60 300 158 52.7 190
Thermus sp.!'"! 60 1.0 0.5 54.0 0.2
Thermoanaerobacter mathranii™™*! 65 300 126 42.0 63
B. stearothermophilus' 70 0.9 0.4 48.0 1.5
Thermotoga maritima™® 70 1.8 1.0 56.0 4.0
Thermotoga neapolitana'™ 80 1.8 1.2 68.0 1.5

D- ) ,
L-Al

>

G. stearothermophilus L-Al , D-

1296 g/L, (261

a 3 o
’ D- D- 2 £ X Wk
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