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Discovery and characterization of a novel tagatose-4-epimerase
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Abstract: D-tagatose is a natural and rare ketohexose with blood glucose-lowering, anti-caries,
gut microbiome-regulating, blood circulation-promoting, and anti-aging activities, and thus it is
widely applied in food, pharmaceutical, and cosmetic industries. Though the enzymatic
conversion of galactose into tagatose is a simple process, the high cost of galactose limits its
industrial application. Fructose, an isomer of tagatose, is an economical alternative with stable
supply. Through 4-epimerization, tagatose can be produced from fructose, which is an ideal
substrate for tagatose production. [Objective] To discover new tagatose-4-epimerases essential
for the efficient industrial production of tagatose. [Methods] Gene mining was performed to
identify an unknown protein HCZ0 with 4-epimerization activity from Thermotogae bacterium.
HCZ0 was heterologously expressed, purified, and characterized. [Results] HCZ0 had a
molecular weight of 57.9 kDa and the specific activity of 0.9 U/mg. The enzyme showed the
highest activity at 70 °C and pH 9.0, and it activity was significantly improved by 2 mmol/L
Ni**. HCZO0 exhibited the half-life of 180, 67, and 9 h at 60, 70, and 80 °C, respectively. Under
optimal conditions, the HCZ0 was able to catalyze 200 g/L fructose to produce 28 g/L tagatose
within 2 h. [Conclusion] HCZO0 is an alkaline high-temperature enzyme with good thermal
stability, which can provide inspiration for future theoretical research and industrial production.
Keywords: D-tagatose; tagatose-4-epimerase; fructose isomerization; D-fructose
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Figure 1 Schematic diagram of tagatose-4-epimerase catalyzed the conversion of fructose to tagatose.
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FIEERT A BR A F] . 50 H-B-D-Fi G L
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Mr, GG R SO . PRIBCR TR T
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BB BRI A 2] | L LB $i5R5r,
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NaCl 1 50 mmol/L Tris-HCI (pH 8.0); B #: 250 mmol/L
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KR 2K BRI, ORR Al AL B R A
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BE, TR0 BRI — R 91 J3E 1 SE AR W RN SR W b o
W, 1 E SO A (43 (high performance liquid
chromatography, HPLC)£ il 22 il b o A6 4%
4Ky - 3% 4 Water Sugar-Pak ™I, 7 14 ddH,0,
Jii# 0.4 mL/min, FEiF 80 °C, /RZEHTIEAG S ;
AR 20 uL.
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2 Ll Thermotoga neapolitana 5B B UxaE B9 & E 8L F 51 4 #E iR 1

B ARG

All.12

—— Thermophilic bacteria
— Atribacteria sp.

Actinobacteria sp.

Planctomycetes sp.

—— Armatimonadetes sp.

Caldilneaie sp.

Candidatus Latescibacteria sp.,
Bathvarchaeota archaeon,
Aerophobetes sp., Atribacteria
sp.

—— Unidentified phylum bacteria

T BLAST #ZREBMERFIIG

Figure 2 Phylogenetic tree of protein sequences obtained by BLAST search using UxaE as query sequence.
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ik; MAEE 3B AIAl, 5 pET2la(h)Z s LL,
HCZO0 1£4 T& 45-65 kDa 247 BB 4545, K/
SRR/ T(57.9 kDa)—5, Ik HCZ0 75
E. coli BL21(DE3)H Al i R BaT o #h—iid
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A B
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100
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> 65
45 45
25 25

57.9kDa 57.9kDa

El 3 SDS-PAGE %4 MBN1 (A)#1 HCZ0 (B)BY A& 4R I1ZS HCZ0 BY4E1L(C)

Figure 3 SDS-PAGE analysis of soluble expression of MBNI1(A) and HCZ0 (B), and the purification
efficiency of HCZ0 (C). 1: Protein Marker; 2: pET21a(+); 3: pET21a-MBNI1 crude enzyme supernatant; 4:
pET21a (+); 5: pET21a-HCZ0 crude enzyme supernatant; 6: HCZ0 crude enzyme supernatant; 7: Purified

HCZ0 enzyme.

T

0 L L L 1 1 )
8.0 8.5 9.0 9.5 10.0 105 11.0
pH

Relative activity (%)

B4 HCZO Bg7E DAL pH B
Figure 4 The enzyme activity of HCZ0 changes
with reaction pH.
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TERE pH {H 9.0, SV IRE 50-90 °C )4
T, R HCZO fi b Rl Ak, A s s b
B AEES J . HIE SA WTHL, 50-70 °C, Fifi
HIREERT R, HCZO AL L AL A i
G 15 TS, £E 70 °C kR sr s Rk
ZETHET, BRI 70 B R RS I HCZOo i1k
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Figure 5 The curve of changes in catalytic activity
of HCZ0 with respect to reaction temperature (A)
and thermal stability curve at 60, 70, and 80 °C (B).
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B AE 60, 70 F1 80 °C I 7 A ] Hsf i) A6 ) H:
Pl A0, KB HCZO 7E 60 °C 1 70 °C HA K
IR R, f B SB AT 60 °C W% F 113 h, B
T AUR % 18%, W E 113145 h B S 4Ed5Fa
TE, HEPIFE E 168 h T4 60%HITEE . 7
B 180 h WEFE JI NFER 51%, Al HCZO 7&
60 °C HYFFEWIKECH 180 he £ 70 °C ¥ F 39 h
5, XGRS 87%, HKLEEEZE 61 h, i
PEFIA 57%. ME 2 67h W, MXHEME HWIE
TEPERY 52%, PIHIWTTE 70 °C BRI
67 ho M4ELE 80 °C FEHS, MH 9 h J5IE kR
SRR TEYER 44%, PR ILHIMFE 80 °C (1231
#/INF 9 h,
25 HREEREFIREEERETFRE

& B2 A A IR SN R 4 B IR
L7 WA 2 17 2o R PP 2 S D R 4 i ok
i E AR S I R A 700 7 R S A i I S
N H SIS R 42 8 7, R HCZo TEPE . Ik
1 AT LUE i, HCZO fEAb b SA AL R A i
J5 o7 MR 4 B B BTG MR A, e N
HCZO [l 1 W aE Ve i, 7 I8 ks i hy
2.752 2 g/L. Mn*" | Zn* S G PE RIS VE IR 2
PSR S> 0.479 8 g/L i1 0.282 3 g/L,
Ca™" . Mg XA BIEE /N, P56 B o
124 0.047 0 g/L F10.050 0 g/L., K, HCZO i
PR SRS ) A A B 4 R ) 3 4 B T N

F1 AEEEETFX HCZO B E RIS
Table 1 The effect of different metal ions on HCZ0
enzymatic activity

Metal ions Yield of tagatose (g/L)
None 0.000 0+£0.000 O
Ca* 0.047 0+0.000 1
Zn** 0.282 3+0.007 6
Ni** 2.752240.017 9
Mn** 0.479 8+0.001 0
Mg** 0.050 0+0.000 1

R T AT NI X R 1 1 B
Rl Tds I 5 FORRIHEE Nt HCZO AT
1o S5 6 BioR, 78 Ni'VWE 0-2 mmol/L
YU, HCZO il 7 bt Ni™ v B 30 T imi 42 5
Ni* ¢ B4 2—5 mmol/L i Bl N I, HCZO i 77
BEE Ni*HBE 3 i FAK . Ptk HCZo A1k B bx
J N ) fe A N2 ¥ 2 2 mmol/L.,

2.6 E1&HE-4-E O RHEE HCZ0 Mzhh =
S8

R T FAEEE M -4-22 ] AL HCZ0 1Y 8h )
SESRERAE, FERE 1.9 DA TR FER Y e
TSV, - F GraphPad Prism #/4-%}
S 12 A TS AT . 4l 5, HCZOo
HIZh S 280NE 2 FiR, KA 1532 min,
Keat/ Knaie 4 99.566 L/(min-mol),

2.7 HEIENE-4-E [ RHIEG HCZ0 L=

FEA N S (S iR 70 °C . pHAE 9.0
2 mmol/L Ni*") N4 7RI, I3 A% I -4-25 v
SEHTG HCZO0 WAL, 4558 aniE 7 s,

30

s
w

]
<
T

—
[=]
T

Yield of tagatose (g/L)
n

<
w

g
=

0 1 2 3 4 5
c(Ni2")/(mmol/L)
6 E NiPRELMHT HCZO0 Bt X ESE H

Figure 6 The relative enzymatic activity of HCZ0
under different NiZ* concentrations.

%*2 HCZOBIEhESH

Table 2 Kinetic parameters of HCZ0

Enzyme K., (min’l) Khats (mol/L)  Ka/Kpae (L/(min-mol))
HCZ0 15.32+0.27 0.154+0.002 99.566+0.751
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Figure 7 The conversion rate of HCZO in the
optimized condition.
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