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Rational design of L-arabinose isomerase from Lactobacillus
fermentum and its application in D-tagatose production
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Abstract: L-arabinose isomerase (L-Al) is the key enzyme that isomerizes D-galactose to
D-tagatose. In this study, to improve the activity of L-arabinose isomerase on D-galactose and its
conversion rate in biotransformation, an L-arabinose isomerase from Lactobacillus fermentum
CGMCC2921 was recombinantly expressed and applied in biotransformation. Moreover, its
substrate binding pocket was rationally designed to improve the affinity and catalytic activity on
D-galactose. We show that the conversion of D-galactose by variant F2791 was increased 1.4 times
that of the wild-type enzyme. The K, and k.. values of the double mutant M185A/F2791
obtained by superimposed mutation were 530.8 mmol/L and 19.9 s, respectively, and the
catalytic efficiency was increased 8.2 times that of the wild type. When 400 g/L lactose was
used as the substrate, the conversion rate of M185A/F2791 reached a high level of 22.8%, which

shows great application potential for the enzymatic production of tagatose from lactose.
Keywords: L-arabinose isomerase; rational design; D-galactose; D-tagatose; conversion rate
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e bR S0k H B3R L4l 5 pHY300PLK
A E B DAY 4 B0k pHY300PLK-LfAI,
N P 565 31 1 B R E AL ROk L A 2 T bR
B. subtilis WS9,

SE RS . L pHY300PLK-LfAI JFk M
M, Wit& 59 1) 25 uL PCR itk R i
T PCR 4%, PCR Y AL K : 95 °C 5 min;
95°C30s, 55°C30s, 72°C90s, 30 MEH;
72 °C 8 min, PCR JZLW 4555 M AB 10 pL 7=
YA 0.5 uL Dpn 1, 37 °C/K# 2 h HB% PCR 7~
Yy R Ky, IR ARIBATIE E. coli
IM109 JRAZAS M, 4TI %508 B 5 WL %
AL ZETH PR B. subtilis WS9.
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Isomerization reactions

Schematic diagram of the double enzyme reaction.
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®1 ERRLYRT

Table 1 The primers designed for mutagenesis

Primer Primer sequence (5'—3")

F AAGCTTGGTAATAAAAAAACACCTCCR

R TCTTGACACTCCTTATTTGATTTTTTG

araAd-F AATAAGGAGTGTCAAGACATATGAGAAAAATGCAAGATTATAAATTTTGG
araA-R TTTTTATTACCAAGCTTAAGCTTTTAATGATGGTGATGGTGATG
F2791 ATGCATTTACAGATAATATTCAAGATCTTGAAGGCCT
F279N ATGCATTTACAGATAATAATCAAGATCTTGAAGGCCT
F279V ATGCATTTACAGATAATGTTCAAGATCTTGAAGGCCT
MI85A CAAGATTTGGCGATACAGCAAGAGATGTTGCAGTTAC
MI85N CAAGATTTGGCGATACAAATAGAGATGTTGCAGTTAC
1370F AAGTTCATCCGCTGGGCITTGGCGGCAAAGATGATCC
1370Q AAGTTCATCCGCTGGGCCAAGGCGGCAAAGATGATCC
I370A AAGTTCATCCGCTGGGCGCAGGCGGCAAAGATGATCC
N122I TTGATATGGATTATATGATTCTGCATCAATCAGCACA
V188N GGCGATACAATGAGAGATAATGCAGTTACAGAAGGCG
V188A GGCGATACAATGAGAGATGCAGCAGTTACAGAAGGCG
V188D GGCGATACAATGAGAGATGATGCAGTTACAGAAGGCG
M118F CGTTTGATTCAATTGATTTTGATTATATGAATCTGCA
MI118Y CGTTTGATTCAATTGATTATGATTATATGAATCTGCA
M349Q CAATTATGGGCTCACACCAACTGGAAGTTGATCCGAC

Only the forward primers were listed, and sequences corresponding to the mutated residues were underlined.

EARPRAPERARE: B 20 uL HHilE 4
P2 10 mL ¥ A& LB #5555 (Tet., 30 pg/mL)H,
37 °CHiF7 12 h 5% 5% mbb e 5 TB 1
F5 5L (Tet., 30 pg/mL), 37 °C. 200 r/min 555
2 h JE AT SRR &2 33 °CA B 48 h, KK
8 000 r/min #5.> 15 min J5 FBEERELZZ PR (pH 6.5,
50 mmol/L)FEE4IM, HE RN, kg
J& BB 8 000 r/min Z5.0 20 min, FRF _FIHR

LfAL 5878k atifl, . fif AR 2 R A2 A
K4tk C sty 21 2 FR A1 2% (His-tag) 1) LEAT f %€
B . EE, M2 A (25 mmol/L
Tris-HCl, 500 mmol/L NaCl, pH 7.2-7.4)Fff
Ni-NTA A, HEFR 2 0.22 pm JE254 08 5 7EAR IR
W R, IR A5, ARk
FEIZE MK B (25 mmol/L Tris-HCI, 500 mmol/L
NaCl, 30-300 mmol/L BRIR)HEFT PRI , W i 27
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TWOPEERGIET T SDS-PAGE 3T , e PRI 214
PIARAS Al 2 1 R Eh 2% i (50 mmol/L,
pH 6.5 ¥4l fb (14 i 18 A 788 0 B 40 B 2 W
o VA R A R e
1.3 BB E
1.3.1 BgENZEFE
RWARZR: 1 mL RNAERPAH 150 g/L
D-2FFUME . O M EF A 50 mmol/L f R L 2% v
W (pH 6.5), Hoip 435111 1 mmol/L 1 2 mmol/L #
BHRFER Mn® Hl Co® IR iR At
2 RV IRAWITE 60 °C T E 30 min, &
FE & DAZAE il S N o 38 3 v 0 A €8 15 7 (high
performance liquid chromatography, HPLC)¥ il
SERE A SO P o o K 257 Agilent-Ca
EAE, MK N s, W 0.5 mL/min,
FER 80 °C, /mZERaAE, FiRE 40 °C, it
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X S IR o A X T =12 SO AT Y S B
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I e P E SR 100%
1.4 WNEgRRE=IERESGHE

W FLBE (40%, FEAERI) S —Ein
LfAT FIFLEAEEZE 60 °C. pH 6.0 254~ UEA7[l
eAb, IO, K SN W B 10 min DAZE L
JE o A F HPLC X 52 1 i H 0 U | 8 26 0
UM DL S IEAR B T A AR PRI R S
N A& AECIMBE & 1.4 mg/mL, pH 6.0), #EH 5 Nk
JE(50°C, 55°C, 60°C. 65 °CHI 70 °C)fffi & il
FIERE BRI ; BEHL 7 4> pH (5.0, 6.0, 6.5,
7.0, 7.5 F1 8.0)8f 0 hl A A MERY pH. LARIFE
077 =0 4 Jm B R B L N AR, e
iy 2 ) 2 S AW ) TS VAR

1.5 L-fMhRESMEBERNERARTS
YRS

FIH LeDock %4, LA LfAI (PDB ID: 4LQL)
Rk, DB BCAR AT . R
LePro Ab3E £ 4 1 32 AR 25 11 5, 14 1 350 5 A Al
7 (root mean square deviation, RMSD){H & 1.0,
2 VA TR 3 AT A o DA A A ) B TRC AR
AR, B G TR/, DL R —A 5
TR 3] xyz =ANJ7 WA, R TR,
H AR K & AR bR SO BRIAZE B 20 M4,
A HRE B S5 RN RE AT R 4 43 B LEAT 5%
Yy p- YA FRIMEEAER, SRS
AHOC B ] REIE B2 (B2 B 57 S5 E A 7 7 s 248
1.6 FMAOFESHEHINE

T WRE LEAL B A BRI AR IR 1 3l ) 2
SH0, IR 13,1 A B IE I E i, Al O AV
JE D-2 R S e o IR T 30 min,
Wit HPLC #& . f#i F Origin (2021)AYE£k 1
PG I TRAT Ko T Vinax» GGG S0 BT 45 2R
EADFEITENH ke fH

2 EREG5M

2.1 EABBEERRIE. 4k
LEAT Al B 25 AT B 9% 38 TR MR P2 R % I I
SDS-PAGE 25 L&l 2A, 7E 44.3-66.2 kDa 2 [i]

AxDa M 1 2 Bkpa M 1 2 3 4 5 6 7
974 — - = Q7.4 — -
66.2 — 66.2 — -
44.3 98 443 —
20.0 — - 29.0 —
=

& 2 ELAEFH) SDS-PAGE 44

Figure 2 SDS-PAGE analysis of the recombinant LfAI. M: Marker; 1: Crude enzyme; 2: Purified wild-type
LfAI (A). M: Marker; 1: Wild-type LfAI; 2: F2791; 3: M185A/F2791; 4: F279V; 5: M185A/F279V; 6: F279N;

7: M185A/F279N (B).
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LT — VRS54, ST 31 54.26 kDa
MG LA AL R — B E A & .
2.2 WEEMEURMNAERPEGHRE
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55 .Co™) . SR R] L R RE AR T il e 4 A
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Figure 3 Determination of the conditions for double-enzyme preparation of tagatose. Effects of time (A),
temperature (B), Metal ion concentration (C), pH (D), Enzyme (E), and lactose concentration (F) on the
production of D-tagatose by recombinant LfAI and B-galactosidase.

&: 010-64807509 <: cjb@im.ac.cn



1114 ISSN 1000-3061 CN 11-1998/Q =4 T #2244  Chin J Biotech

S A
& 6) Y
by
= @ His-447
ks

Glu-331

Phe-279 Val-188

lle-370

ﬁ%

Met-349
Asn-122 2

S
\

Met-118 His-348

4 LAl RMEE DA RRTHEELERB)

Figure 4 LfAI substrate binding analysis (A) and mutant enzyme conversion results (B).
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Figure 5 Effects of temperature (A) and pH (B) on mutant enzymes.

h AR AT & A # MI185A/F2791 |
MI185A/F279N . M185A/F279V, X} 4tifk () ¥
Az TN 58 AR RYRGIEAT ) 12458 . BRI AR
& M185A/F2791 EEXT D-FLBHAGTE M B
K Tl kea 23 514 530.8 mmol/L . 19.9 s7' (£ 2),
HE B A R, e LR B4 55 R A CR
YRR, MHARCR (ko Kn) 325 25 AR5
1 8.2 1%,
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Table 2  Specific activity and enzymatic reaction Kinetics
parameters of wild-type LfAI and some mutants

Enzyme Specific Ky keat  kead Kin
activity (U/mg) (mmol/L) (s™") (L/(mmol-s))

WT 1.9 2972.1 13.6 4.59x107
F2791 3.0 2266.9 20.7 9.14x107
MI85A/F2791 11.2 530.8 19.9 3.76x107>
F279V 3.5 3786.0 30.7 8.11x107°
MI185A/F279V 3.3 25022 24.1 9.63x10°
F279N 3.5 3692.7 57.8 1.57x10°
MI185A/F279N 6.8 48563 39.0 8.02x107
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Figure 6 Analysis of recombinant protein LfAI
wild type and mutant enzyme conversion products.
A: The retention times of lactose, glucose, galactose
and tagatose were 13.880 min, 15.962 min,
17.769 min and 23.412 min, respectively. B: The
conversion rate of tagatose under different dosage
of enzyme.
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Figure 7 Docking of D-galactose to WT (A) and M185A/F2791 (B). D-galactose molecules and amino acid
residues are displayed in stick form and colored according to elemental types. Carbon atoms of D-galactose

were colored green for a better visualization.
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