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Enzymatic properties of a-L-rhamnosidase and the factors
affecting its activity: a review

Xiaochong Zhu, and Shuangyan Tang

CAS Key Laboratory of Microbial Physiological and Metabolic Engineering, Institute of Microbiology, Beijing 100101, China

Abstract: a-L-rhamnosidase is a very important industrial enzyme that is widely distributed in a variety of organisms.
a-L-rhamnosidase of different origins show functional diversity. For example, the optimal pH of a-L-rhamnosidase from bacteria
is close to neutral or alkaline, while the optimal pH of a-L-rhamnosidase from fungi is in the acidic range. Furthermore, the
enzymatic properties of a-L-rhamnosidases of different origins differ in terms of the optimal temperature, the thermal stability,
and the substrate specificity, which determine the different applications of these enzymes. In this connection, it is crucial to
elucidate the similarities and differences in the catalytic mechanism and substrate specificity of a-L-rhamnosidase of different
origins through analyzing its enzymatic properties. Moreover, it is important to explore and understand the effects of aglycon and
metal cations on enzyme activity and the competitive inhibition of L-rhamnose and glucose on enzymes. These knowledge can
help discover a-L-rhamnosidase of industrial significance and promote its industrial application.
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Table 1 The enzymatic property of a-L-rhamnosidases from fungi

Number Enzyme Organism PHopt Topt (°C) Thermal stability References

1 Aspergillus flavus 11.0 50 [17]
MTCC-9606

2 Aspergillus terreus 6.5 40-50 Stable below 50 °C [23]

8 AT-rRha Aspergillus tubingensis 4.0 50-60 [13]

4 AK-rhaA Aspergillus kawachii 4.0 50 Stable [24]

5 r-Rhal Aspergillus niger 5.0 60 Stable [1]

6 AnRhaE Aspergillus nidulans 4.5 55 Stable below 55 °C [25]

7 RhaA/RhaB  Aspergillus aculeatus 4.5-5.0 Stable at 40 °C [22]

8 SaRhaA Streptomyces avermitilis 6.0 50 Stable below 40 °C [26]

9 Absidia sp. 39 5.0 40 Stable between [3]

30-40 °C
10 Absidia sp. 90 5.0 50 Stable between [27]
30-40 °C

11 Penicillium ulaiense 5.0 60 Stable [28]

12 Acrostalagmus luteo albus 8.0 55 Stable below 55 °C [2]

13 Curvularia lunata 4.0 50 Stable between 30-40 °C [29]

14 Pichia angusta X349 6.0 40 Stable below 30 °C [30]

15 Penicillium griseoroseum 6.5 57 Unstable [31]
MTCC-9224

16 Alternaria alternate 5.5 60 Stable between 30-50°C [32]
SK37.001

17 Fusarium moniliforme 10.5 50 Unstable [18]
MTCC-2088

18 XpoGH78 Xylaria polymorpha 6.0-8.0 45 Stable at 40 °C [33]
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Table 2 The enzymatic property of a-L-rhamnosidases from bacteria
Number Enzyme Organism PHopt Topt (°C)  Thermal stability — References
19 rhmA Thermophilic bacterium 7.8 60 Stable [34]
20 RamA Clostridium stercorarium 7.5 60 Stable [6]
21 DtRha Dictyoglomus thermophilum 5.0 95 Stable [14]
22 RhmA/RhmB  Thermophilic bacterium PRI-1686 7.9/5.0-6.9 70/70  Stable at 40°C [21]
23 ramA_, Lactobacillus acidophilus 6.0 37-45 Unstable [35]
24 RhaB1/RhaB2 Lactobacillus 7.0/5.0 50/60 RhaB2 Stable [36]
Plantarum NCC245
25 Ram/Ram2 Pediococcus acidilactici 5.5/4.5 50/70 [19]
26 RHA-P Novosphingobium sp. PP1Y 6.9 37 [12]
27 BtRha Bacteroides thetaiotaomicron 6.5 60 Stable [37]
28 BbRha Bifidobacterium breve 6.5 55 Stable [38]
29 rBdRham Bifidobacterium dentium 6.0 35 Stable between [39]
30-40°C
30 Fusobacterium K-60 5.5-6.5 [40]
31 Sphingomonas sp. R1 8.0 50 Stable below 45 °C [41]
32 Pseudomonas paucimobilis 7.8 30-50 Stable below 40 °C [4]
FP2001
33 Pseudoalteromonas sp. 005NJ 6.0 40 Thermosensitive [15]
34 Bacteroides JY-6 7.0 [42]
Chloroflexus aurantiacus 6.0 50 Stable [43]
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Fig. 1 Mechanism of a-L-rhamnosidase SaRha78A in hydrolyzing the glycosidic bond*4.
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Table 3 Substrate specificity of a-L-rhamnosidases of different origins

Number Enzyme Organism Links Substrates References
1 BtRha Bacteroides thetaiotaomicron a-1,2%, a-1,6 (1, 34, 15) [37]
2 AnRhaE Aspergillus nidulans 0-1,2+, 0-1,6, 0-1,2%  (1-2, 4, 10, 15) [25]
3 Pichia angusta X349 a-1,2+, a-1,6, a-1 (1-5) [30]
4 Penicillium ulaiense a-1,2, a-1,6 (1-3) [28]
5 Acrostalagmus luteo albus a-1,2, a-1,6, a-1 (1-3,5) [2]
6 Pseudomonas paucimobilis FP2001 «-1,2, 0-1,6, -1 (1-6, 16) [4]
7 BbRha Bifidobacterium breve a-1,2, a-1,6 (1-4) [38]
8 Sphingomonas sp. R1 a-1,2+, a-1,6, a-1 (1-5) [41]
9 SaRhaA Streptomyces avermitilis a-1,2, a-1,6 (1-4,9) [26]
10 Bacteroides JY-6 a-1,2+, a-1,6 (1-4, 6, 10, 18) [42]
11 RamA Clostridium stercorarium a-1,2, a-1,6 (1-3) [6]
12 DtRha Dictyoglomus thermophilum a-1,2+, a-1,6 (1-2) [14]
13 RHA-P Novosphingobium sp. PP1Y a-1,2, a-1,6, a-1 (1-5) [12]
14 AK-rhaA Aspergillus kawachii a-1,2+, a-1,6 (1-3) [24]
5 ramA_, Lactobacillus acidophilus a-1,2, a-1,6 (1-2, 4, 12-13) [35]
16 rBdRham Bifidobacterium dentium a-1,2, a-1,6+ (1-2, 4, 8, 18) [39]
17 RhaA/RhaB Aspergillus aculeatus a-1,2, a-1,6 (1-4) [22]
18 Fusobacterium K-60 a-1,2, a-1,6, a-1 (2-5, 18) [40]
19 RhmA Thermophilic bacterium PRI-1686  a-1,2+, a-1,6 (1-4) [34]
20 RhmB Thermophilic bacterium PRI-1686  «o-1,2, a-1,6 (1-3) [34]
21 AT-rRha Aspergillus tubingensis a-1,2 2) [13]
22 Absidia sp. 39 a-1,2 (7 [3]
23 RhaB1/RhaB2 Lactobacillus a-1,6 (1, 3-4) [36]

Plantarum NCC245

24 Ram2 Pediococcus acidilactici a-1,6 (1, 3, 14) [19]
25 Absidia sp. 90 a-1,6 (17) [27]
26 r-Rhal Aspergillus niger a-1,2, a-1,3, a-1,4, a-1,6 (1-4, 6, 19) [1,20]
27 Pig liver a-1,2, a-1,4 (12) [5]

28 Penicillium griseoroseum MTCC-9224 o-1,6 (1, 4) [31]
29 Alternaria alternate SK37.001 a-1,2, a-1,6, a-1 (1-5, 10) [32]
30 Fusarium moniliforme MTCC-2088 «a-1,2, 0-1,6 (1-4) [18]
31 Chloroflexus aurantiacus a-1,2, a-1,6+ (1-4) [43]
32 XpoGH78 Xylaria polymorpha a-1,2 (1-2) [33]

(1) p-nitrophenyl-a-L-rhamnopyranoside; (2) Naringin; (3) Hesperidin; (4) Rutin; (5) Quercitrin; (6) Saikosaponin C;
(7) Ginsenoside Rg2; (8) Ginsenoside Re; (9) Gum Arabic; (10) Neohesperidin; (11) Dioscin; (12) Nicotiflorin; (13) Narirutin;
(14) Rutinose; (15) Epimedin C; (16) Proscillaridin A; (17) Gypenoside-5; (18) Poncirin; (19) Myricitrin. The glycosidic bond
marked ¥ is the glycosidic bond formed between the terminal rhamnose and rhamnose, without % means the glycosidic bond
is between the terminal rhamnose and glucose, a-1 is the glycosidic bond formed by the terminal rhamnose directly connected
to the glycosidic ligand; + indicates that the rhamnosidase has stronger affinity for this type of glycosidic bond than other
types of glycosidic bonds.
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