AR R e —L—Bel AR TR PR I e G
Seebiit g # s b W RIS E

B, KR, 48 B, F 3T, RAEKR

(B aUMOlb K2 fh2E TRE2EBe 7195 B &t 210037)

2y

HWE. o-L-[AEBFEHETHFEIRBEE ENSH LEEW o-L-RERL, ST ZATE
B EHF T LA, EEEREHZZHRY a-L-REBFH REH I LA P68 FEABIK
1R RA, B exTE#E Sulfolobus islandicus & R 4 a—L— K 445 5 B 35 B 2 47 50 4 B K i AF
AW RAR MEMNET RINBEFRR BAERNT ZMH&EFMEETOMBEENE I L &R
KB . £ 208 SisRha £ 90 CT B 7& A k4, B AMIF o A AT L £ 80 CT#HF 120 min /&
BaE HJLFEABK ; RERE pH H 5.5, % pH 4.5~7.0 & ,pH #4521 R 4F ; & 208 SisRha *F
A IR 5 AE B K By R F H AR (pNPR) #9 K, 15 % (0.15+0.03) mmol/L, V. 14 # (6.26+0.51)
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Characterization of an Extremely Thermostable &—L—-Rhamnosidase and
Its Applications in Preparation of Isoquercetin

LU Shan, ZHANG Shanshan, ZOU Kang, LU Changning, ZHAO Linguo”
(College of Chemical Engineering, Nanjing Forestry University, Nanjing 210037, China)

Abstract. a-L-Rhamnosidase can specifically hydrolyze a-L-rhamnose on glycosides and has been
widely used in food, medicine and other industrial fields. This research aimed to obtain
high-temperature-tolerant a-L-rhamnosidase, and to improve the efficiency of industrial production
and reduce the cost of application. In this study, the a-L-rhamnosidase gene screened from the
thermophilic bacterium Sulfolobus islandicus was cloned and heterogeneously expressed in
Escherichia coli. In addition, the enzymatic properties of recombinant SisRha was determined, and
the enzymatic preparation process of isoquercetin was subsequently optimized. The results showed
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that the recombinant SisRha was most active at 90 ‘Cwith excellent thermal stability, and the enzyme
activity was hardly lost after incubation at 80 ‘C for 120 min. The optimum reaction pH of the
enzyme was 5.5, and the enzyme was quite stable in the pH range of pH 4.5~7.0. The K., Vi and £
values of the recombinant enzyme SisRha against pNPR as the artificial substrate were (0.15+0.03)
mmol/L, (6.26+0.51) U/mg and (10.48+0.86) s, respectively. The specific enzymatic activities of
SisRha on the substrates pNPR, rutin, epimedin C, naringin, hesperidin and icariin were 25.06, 11.89,
6.74, 3.14, 2.77 ,0.42 U/mg, respectively. The optimum process of isoquercetin conversed from rutin
by the recombinant SisRha was as follows: 2 mmol/L rutin could be almost converted with a molar
conversion rate of 98.56% using 0.40 U/mL enzyme dosage of the recombinant SisRha under 85 C
at pH 5.0 for 1 hour incubation. This study enriched the current resources of a-L-rhamnosidase,

established a theoretical foundation for the study of a-L-rhamnosidase derived from thermophilic

bacteria, and provided a method of converting rutin to isoquercetin at high temperature.

Keywords: a-L-rhamnosidase, thermophilic bacteria, thermostability, rutin, isoquercetin
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Fig. 1 Optimization of expression conditions for recombinant enzyme SisRha in TB medium
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®1 EHHH SisRha WAXEREBARRE

Table 1 Purification and protein content of recombinant enzyme SisRha

- SR /U AR 5 /mg L% 71/(U/mg) alife %% 152 1%

AL it 97.33 116.81 0.83 1.00 100.00
A Ab P i 85.02 59.19 1.44 1.72 87.35
45 fiff 43.17 4.01 10.76 12.92 4435
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Fig.3 Optimum temperature and thermostability of recom—
binant enzyme SisRha
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®2 &RBEETXEHL SisRha #0
Table 2 Effects of metal ions on recombinant enzymes
SisRha

AH X i 1% 77/%
1 mmol/L 3 mmol/L

Fe* 78.34+3.36 116.46+1.62
Ni* 101.36+4.02 102.12+2.05
Na* 100.03+1.57 97.30+1.13
S 105.18+7.01 106.90+1.46
Ca* 101.66+4.59 94.95+2 .41
Cu* 67.34+£1.91 62.54+1.02
Li* 106.58+2.11 96.79+0.87
Co** 107.80+7.11 96.00+2.09
7n* 72.78+1.12 57.29+0.51
Mn* 133.78+1.42 137.34+4.02
Mg* 99.95+3.23 99.49+0.49
Ba* 102.22+4.06 99.92+1.86
K* 103.07+4.00 100.98+1.58
EDTA 102.96+4.31 98.00+£2.58
Al 102.95+2.15 23.12+2.51
NH, 93.61+5.58 98.71+0.54

AN S (a) froR , FALEF SisRha XF DMSO #) fiif 52 4
T H AT 2 B, DMSO (R B2 500 10%0F, 584
it 1% 77 (AE X BTG ) K F50%
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Fig. 5 Tolerance of organic solvent and rhamnose on

recombinant enzyme SisRha
2.3.4 F208 SisRha 4930 /1 5 A5 B IR M B S
SAT N E EALEE SisRha B W R S0k, B ok
BN TR ¥ pNPR pNPG pNPX pNPAraf pNPArap
VEM W #E4T RO, AR % 55 411 SisRha BEVIBR Y
BEF 2R G533 R, FEAEG SisRha {U/EH
T ANLIEY) pNPR (5 BUZEREAHIE ) | Foilh 1 25.06
U/mg, i Xf pNPG (55 % 4 0 AH 1% ) pNPX (5 AMEAH
i) \pNPAraf (-5 FJ A7 0k i 4 AH 3% ) Fl1 pNPArap (5
Bof 374171 N e W A % ) A FLA N TR CVER . itk
A DU E T 4L SisRha A RS , A0 & — U0
SR X JEL b A A% g R BB AT AR AR
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Table 3 Substrate specificity of recombinant enzyme
SisRha
iy
pNPR 25.06 100.00
pNPG = —
pNPX = —
pNPAraf = —
pNPArap = =
=i 11.89 47.45
HIZEE C 6.74 26.92
il B2 3.14 12.55
T B AF 2.77 11.04
RN 0.42 1.68

B 5 I 5E T 4LEE SisRha X LA ML A & A
RS W 5L 10 R AL B D i fk e ) M N T
&Y pNPR (100% ) , 5 21§ SisRha %f 7 T (a-1,6-
LR B ) A AL RO B, R B 47.45% 11 A1
XF BTG S A C(a-1,2-RZER ) k2  0
1o B 1 (=1, 6 FRZEMH T 5 ) Rl B 17 (a-1,2- 2=
BT 5 ) KA K29 10% 00 A8 4T B 36 I, % i SE 28 1T
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(a—1-FUHE 8 ) JUT- TR ) o 3 i AN A Y
B B 28 R R 5 R A T A A7 2 5 I T D A A
R P S R A S5 45 AT 5 M T £ 1 336 P,
PTG R A T -1, 6- SRS B-D-H
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MBS IETE C7 AL, WO 1Y 2 ) 45 4L 22 5 B 1Y
AT A AT AHECTUIER a-1,2- AR
G, HEAM SisRha X a-1,6- B2 11 5 14 DI BR fig
JIHER JF X TR C3 A B 04 AR 1 DI BR OCR S 4
X5 RhmA SR S P R WG AH ™, B TS X
WE— 25T T H AL SisRha X} pNPR () 3l J1 24 %
R, VA E FLRYI R A AR RCR . 4Rk 4
B, 4L B ZE 0 SisRha X} A T # pNPR 2%
184 K, (H28 (0.1540.03) mmol/L, V. {8 F
(6.26+0.51) U/mg K., N (10.48+0.86) s;K../K,,
4(73.28+11.56) L/(s-mmol) ,
%* 4 E4HF SisRha RN HESH

Kinetic parameters of recombinant enzyme

SisRha

K./ Vsl
(U/mg)

Table 4

K.J/K, /
(L/(s*mmol))

73.28+11.56

(mmol/L)
pNPR  0.15+ 0.03 6.26+0.51 10.48+0.86
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Fig. 6 Optimization of conversion conditions for rutin with recombinant enzyme SisRha and the reaction process
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