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B OEIFT] AR E—FAAZE, LARE. WA L. WAEFELESFHE, ERS.
PR A bl B S4TSR 32, THERERFE I, L TEKMRELRLET AR5 FHRILE,
{2 A 6BV, R, A F A, [B 691 ARHEFLAT i (Lactiplantibacillus pentosus) ¥ %
B—A#HRETEHAR, f£ XM E (Escherichiacoli) & A, AR AR X 85 M ARG AEE F
RE#ELEK. [Fix] L REILAFE (L. pentosus) L B 2 DNA A AR, A — /N8 TEL
(LpeTanA). #j#& & 40 & ik # 4Kk pET32a-LpeTanA, /&£ X AF & BL21(DE3)¥ & iA. Ni-NTA &% 4=
BT A M B BRI B AR R AR IR AR, (4R ) %885 2 5% %) £ 3K (Staphylococcus
lugdunensis) ¥ 7B F BRI K 2, H 48.50%. i/ TR FE TR E 4 75kDa, &iE pH ARk
B A4 pH 7.0 42 25 °C, & pH 6.0-8.0 #= 40 °CvA FAA A, ZBaxT XA F 8T Bs LA & & b Bg &
71, 4 137.7 U/mg. LpeTanA vAGAG KA Ky J&dn, T 25 °CKfE 24 h B HALBRIZIRE A 11.5%, 4
JEiE 28.0%. (4] i@ idsf# 78 LpeTanA ¢85 5 M A AR, # % T LpeTanA .G 48 & 44 K%
B, AR TERG T A A KR M R AR IR ILBRIRAE T AF IR IR,
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Characterization of a tannase from Lactiplantibacillus pentosus and
application of this enzyme in extraction of ellagic acid from
pomegranate peel

LU Ang!, YAN Qiaojuan?, MA Zhiyuan?, YANG Shaoqing', JIANG Zhengqiang'

1 College of Food Science and Nutritional Engineering, China Agricultural University, Beijing 100083, China
2 College of Engineering, China Agricultural University, Beijing 100083, China
3 Food Laboratory of Zhongyuan, Luohe 450007, Henan, China

Abstract: [Background] Ellagic acid, a natural polyphenol, has anticancer, antioxidant,
antiviral, and blood pressure-lowering effects. Because of the wide applications in food, feed,
and pharmaceutical industries, the demand for ellagic acid has been growing year by year.
Tannases can catalyze the conversion of ellagitannins into ellagic acid. However, few tannases
are available, and the application of these enzymes in production is limited due to the low
conversion rate and the high production cost. [Objective] To clone a tannase gene from
Lactiplantibacillus pentosus and express in Escherichia coli, characterize the enzymatic
properties of the expressed protein, and use the protein for the extraction of ellagic acid from
pomegranate peel. [Methods] The tannase gene (LpeTanA) was cloned from the genomic DNA
of L. pentosus. The recombinant plasmid pET32a-LpeTanA was constructed and expressed in
E. coli BL21(DE3). The enzyme purified by Ni-NTA affinity chromatography was characterized
and used for the extraction of ellagic acid from pomegranate peel. [Results] The enzyme shared
the highest amino acid sequence identity of 48.50% with the tannase from Staphylococcus
lugdunensis. The molecular weight of the purified LpeTanA was about 75 kDa. The optimal pH
and temperature of LpeTanA were pH 7.0 and 25 °C, respectively. The enzyme was stable up to
40 °C and within pH 6.0—8.0. It showed the highest specific activity (137.7 U/mg) towards methyl
gallate. The extraction rate and purity of ellagic acid was 11.5% and 28.0%, respectively, after
pomegranate peel power was hydrolyzed by LpeTanA at 25 °C for 24 h. [Conclusion] LpeTanA is
characterized and used to hydrolyze pomegranate peel. The results provide reference for the
development of tannases and the extraction of ellagic acid by tannases from pomegranate peel.
Keywords: Lactiplantibacillus pentosus; tannase; pomegranate peel; ellagic acid

ATl (tannase, EC 3.1.1.20), AEAZ/K
TERSE ARy RS, )8 TEREE 5. BT
E AR A, JUHAE R (Aspergillus
niger) . >k il 7% (Aspergillus oryzae) il # ¥
(Lactobacillus) H . 577 [iff 1y 43+ 3 ¥ [ 76
50-320 kDa, Hi 2 E0E 2 AP EEEEZH A .
— S L A BT B RS pH BN 5.0-6.0, 1R
T K 30-60 °C, 7E pH 3.0-8.0 fAEfaER),

FUTRESIZ N TR BT DR R ] 24
7k, Shao ZEMR 2 1 25 (Aspergillus niger)Hf
TR RS, RE2HmiSmM 137 gke
R 291 g/kg, BRILAREANIEERILE R,
DR 5 TR A TR) RS, Cavalcanti S FH AR
1 25 (Aspergillus fumigatus) 5.7 FiAb B 11 2 J 2
JRAK, BT EfRIKT 89%., Lorusso S5F)
A% {4 f F (Trametes versicolor) BT, 30 min
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R SEATAIIR 80% LA BT, JInss T B 7 il
FESEAT RO AR I R o SROMORT S VTR By
Ml 7K il 1 S R A B FIR , $RHLEE 10.79%,
LERE IR 96%.

B R R I R, T A
ETHD T, 778 RZHAE 500-3 000 Da Z
), BT HA T IEBURETE, BRI INE T R
YA, (B — SR E YRR R R T,
PG A (A nigen)™ | 5% i A (Aspergillus
awamori)®!, H 7 {1 2 (Aspergillus Japonicus)!'” |
T FL AT (Lactiplantibacillus plantarum)!' | %[,
% P4 (Lactobacilli)!'* Al #fi B 2§ #1414 (Bacillus
subtilis)!" 14 A Wy R A B 17 A R A H A3
W T Tl A 0 T LR e Y TR SR BN AR M B, AR
R ZICRE, F- YAk SL0l 2 By -5 0 52 Il
SRR AR R =B FNIE R, SR 2% AR/
TR 3-FHE-5AH-CUIR L S-AR-6-C IR TR,
AN TR SFe 5 ) B il o 22 SR, IR . R
I Bk PR 7 T AH 4K B &% 1. Kasieczka-Burnecka
2SI T A %6 A 60 7 8 (Verticil lium) P9 43 55 3]
RISl TAHI (25 °C)fl TAHII (20 °C).

Ramirez-Coronel S\ B2 j1 25 (A. niger)Hp 43 &
B T Bl R R 60-70 °CHYEA T . Kanpiengjai
ZEOTI M B L AT B (Lacti plantibacil lus pentosus)
WA E] T el pH 9.0 Y5 T* [ LpTanQAT1-5 Al
i pH 8.0 Y HL T il LpTanBA-7.

FLTA BT AR R AT R IA 2 R, T4
RLBRL T il A RS B A, AT R A b AT
YR T LAA ROK i R AR BT R TIR, F
FF i (Lactobacillus sp.) & H:E Z ok . Iwamoto
LT R MK FLAT TR (L. plantarum) ATCC
149177 Hh3RIK T B 7§ TanBLp, Hfxid pH
H 8.0, Hi&IREEHR 40 °C, fE 25-45 °Cli
FF 60% 1) TE 4 . Ueda SO AL T A W) FLFF 14
(Lactiplantibacillus paraplantarum) 8. 7* i TanLpa .,
JHEFLFF I (L. pentosus) L 7* /i TanLpe FIAHY)
FLAF (L. plantarum) & 7*fif TanLpl, TanLpa #l
TanLpl 7£ 40 °CH1 pH 8.5 [ifF 1 V£ F% 5 , i TanLpe
FR) e 3 S 0 25249 35 °C il pH 8.02%, TanLpl .
TanLpe Al TanLpa XJ£¢ %% JLAS R 9% & FIRES
FEIH B A PR R I 22 S R
B BT R R SRR S R R AR E GR 1),

Fx1 —EHRTEHNTEREUMR

Table 1  Principal physicochemical properties of some tannases

U SR Bod pH pH RUENE  FodiftE RERENE E= BTN

Source Molecular Optimal pH stability Optimal Temperature stability Reference

weight pH temperature
(kDa) ©)

Aspergillus niger 62.7 7.0 6.0-7.5 40 Stable up to 40 °C [2]

Camellia sinensis 35.0 7.0 6.0-8.0 45 Stable up to 60 °C [3]

Aspergillus fumigatus 60.0 5.0 5.0-6.0 30 Maintained over 80.0% of its initial ~ [5]
activity when incubated below 30 °C

Aureobasidium melanogenum  63.0 6.0 3.5-7.5 60 Maintained over 61.3% of its initial ~ [1]
activity when incubated below 55 °C

Saphylococcus lugdunensis 66.0 7.0 3.0-9.0 40 - [21]

Streptococcus gallolyticus 50.0 7.0 6.0-8.0 50 Maintained 70.0% of its initial activity [22]
when incubated at 55 °C for 30 min

Streptomyces sviceus 54.0 8.0 6.0-9.0 50 Maintained over 50.0% of its initial ~ [23]
activity when incubated at 20—70 °C

Lactiplantibacillus plantarum  50.0 8.5 8.0-10.0 40 - [19]

Lactiplantibacillus pentosus 51.0 8.0 - 35 - [20]

—: SCPORARGE

—: Not reported in the study.
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AT, FUFF 5k 5 i B B il 2 v s —,
FHVE RS, ¥248 B A ZLAT B R IR %) 50 7 i 40
oL FYE R, B EEE X,

T A E BRI R R, R A
20%—30% [ AR S A, RER M8t 5, T
TRIR TR, AR TP IERIEIR . AR, &
ARG E TR EZmEY, BAabiik
BRIRAAAL . SELRA FE T BORD S 4 6 AR BT
FONRED). AR 2l R IR T, ST
FHEZE A (A RAC R R 28 A R T /K i 7 R AR TR
SERRIEIR I EEORIEDY, IR A bUE . Bt
Ak, PUREE . B (RBEML . IR RS
FENEME, fERR. £, HERBEZRMMX) 12
N F 250 R ES Kbt Ak, B,
BEACTR A 77 DIk 2 sk A W IR B £ . fb2F
TR EAR TR, sl . AR
LA RIS BIEE AL IR . (B TLA% TS sh Wy i i
J&F 2y AR T4 o AR BOL 2 LR
KRR, RV, I EG &SRS
A KR K AR ER P, Ak, [ P A 4K
TR T Wik il s BEAE BRI 9%, FELARUED)
PO R 3 R Y R BRI KR SE 4,
H LG PR B R R . b I2% wh I B R]
G For e alifp 28, 5 i A ol R B il K A
GG RR, 30 °CJz )i 48 h, HEHUERY
13%, 4EJF 29.08%%%, Huang Z5H| K th 5
SRS PR K A 5 60% BRAE TR HL T AR TR 5K
SN 84 h BFREALRRFEUCRIR 17.7%.

A S FLAT B (L. pentosus)H 7 i
BT il L K] (LpeTanA) I 16 K #F 14 (Escherichia
coli) BL21(DE3)H ik, i — 5% T AT
Tt P 2 e o R LK A A AR B 1 g s 7, LA
Sk LTI 2 LA e R SRS 2 1k

1S

1.1 #fH
PR ZUAF TR A SIS F 0, TR AR O S h
CGMCC 1.7665; JFi ki pET32a {5 T AN 5286 %

KA FFHE (E. coli)@z 2540 TransSa fil BL21,
JE At L PR B B AR A B 7] 5 FastPfu PRt s
R E DNA R&5 1, b 2N B HEARA R A
F]; EcoR I il Hind III N YJH$, New England
Biolabs 24 w5 A1 48 KA, b Bt Al 4 (SR )
ABRTAL A,
1.2 EHFE. TERFIMUSE

LB 552 (g/L): R 10.0, FEEER B
5.0, NaCl 10.0, ¥4 pH {5 % 7.2, [EfkKEFREE
A 1.5%2.0%8)35 5 ¥ . Citrate (pH 3.5-6.0) .,
Sodium phosphate (pH 6.0-8.0). Tris-HCl (pH
7.0-9.0) ,CHES (pH 9.0-10.5) . Glycine-NaOH (pH
10.0-11.0), A TAY TR AE RS A .

ClonExpress II One Step Cloning Kit (Jo4%
IR &), Vazyme A r]; 41 R R 29 2 B
R &, RMRARHL AL sO)ARA A MS
Hiper Gel Extraction Kit, JtutR &£ LR
AR Ni-NTA EMZHAE, bt &3 FF
BAWRAG; WETRR. AT SR
AR, EFEAEYRAIRAR,; &
(g, TR RIMRBH AR . BIEEML,
Bio-Rad A ; E&0R A 655 (high performance
liquid chromatography, HPLC){Y , 55t/ F]; C18
%4 (250 mmx4.6 mm, 5 pm), Phenomenex
Ny e ZERAN, RO ERT .
1.3 KEIMERTHERRESF
H 53

FIFH NCBI Pl #6215 3 SOMEFL A B R U5 F
T'HE LpeTanA [P, 84 A5G SCHREOFI
NCBI BLAST X R € T LAS T LpeTanA
(GenBank: UXI196086.1) % H LA . MR 457
fiti LpeTanA 21751, %1t iS4 LpeTanA-F
(5'-CCATGGCTGATATCGGATCCGAATTCTG
TGGTCAAACGAAGACCAAGAC-3")FI R 5 |4

LpeTanA-R (5-TGCTCGAGTGCGGCCGCAAG
CTTTTACTTCAAACTCTTATTGA CCC-3"), LA

IRBEFLAT T (L. pentosus) ik K 2H (2 T 55 5 4H 42
BUA A S 2 B0 MR Y 38 5 T i LpeTanA [
J¥%1 . PCR JZ W& Z : 10xTransStart FastPfu Buffer
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5 uL, dNTPs (2.5 mmol/L) 4 pL, LpeTanA-F
(10 umol/L) 1 uL,LpeTanA-R (10 pmol/L) 1 puL,
it DNA 1 pL, FastPfu DNA B4 1 uL, 7%
MK AME 50 uL, PCR SR 251F: 95 °C 3 min;
95°C30s, 55°C30s, 72 °C 1 min, 34 M ;
72 °C 10 min. PCR j=¥J%: M5 Hiper Gel Extraction
Kit (with column)[FII§ /5, 5 EcoR I #1 Hind I1I
XU EI 1) pET32a Jiokr 46 JCAE o e 170 % 422
Fo 3 EE 2 24K pET32a-LpeTanA, ¥4 1L £ KA FF
i (E. coli) Trans5o /&2 AR A0, I IE4 1)
BRI PR Ak 1 7 SR B 3

i 137 NCBI 1) CD-Search "I~ H.(http://www.ncbi.
nlm.nih.gov/Structure/cdd/wrpsb.cgi)s T LpeTanA
gEfta; R A DTU Health Tech JF % [ SignalP
6.0 (SignalP 6.0-DTU Health Tech-Bioinformatic
Services) TN 5 K741 ; FIFH NCBI BLASTp
(http://www.ncbi.nlm.nih.gov/BLAST/) 5 2 H: A
L7 41 ; 18 3k ExPASy ProtParam I H.(http://web.
expasy.org/protparam/) fif By & 11 it 1) 2 5k 1R 4
WM. AR EIAESEG T ClustalX
1.83 FAF AT 2 175 LE X347, 3748 BoxShade
TE 28 ¥ 15 (http://www.ch.embnet.org/software/BOX
form.html) 4= 5 J7 41 Eb X & o i FH 7E 26 3k 4
AlphaFold3 (https://alphafoldserver.com/)%} £ [
FTEAT =R EER T A HAEZ B4 PSIPRED
(http://bioinf.cs.ucl.ac.uk/psipred/) ¥ & F JE #E 1 T
TR A I, fE AR & B PubChem
(https://pubchem.ncbi.nlm.nih.gov/) 3k 15 % & F
MR . TR CIR AR T ERIN TR ) — 4
258y, FIH AutoDockd W ETIRH NG, WE
FIR O BE A& F IR N BE X $£ 3) LpeTanA 1%
e
1.4 KEEILFE B TE(LpeTanA)RI 3R
BS54

PEMCPHME AL R kL, I8k 2= K FT
B (E. coli) BL21(DE3)/&~z &4t , 37 °CH5 3%
R PR TS T HAZ R HirE(100 pg/mL)
f LB 53838, 37 °C. 220 v/min k¥ E 5% 12 h

it . BU1 mL AT 100 mL LB 553,
24 ODeoo 5 F] 0.6-0.8 H, JINA IPTG (L HEE K
1 mmol/L)JF 44155, 16 °CHiFF 12h DA F.

10 000 r/min &5.0> 5 min WA, 2
W A (50 mmol/L Tris-HC1 pH 7.0, 500 mmol/L
NaCl, 20 mmol/L PRI EEABEIA, 300 W HE il
3, [AIERS s, fRESET A 30 min, 23S
fi#W 12 000 r/min B0 10 min, b7 B ARG
W FIH Ni-NTA HxT s H & A ralifb b3
JEHTHESE R 10 MRS bl A A5, SR
Je BB LA 0.5 mL/min AYEIE EAE, JFUEE
17 R (3T 22 Wi B (50 mmol/L Tris-HCI1 pH
7.0, 500 mmol/L NaCl, 50/100/200 mmol/L BKm)
DL 1 mL/min Jis Ve HE R, 248 0dE
T, FFIE ODaso, YNAEWZ: SDS-PAGE i
MLz
1.5 BETEEARERKRENE

27 Sharma 5P 7 LA T BT BER 110
DIAE : 250 puL 36 Y56 BB 5 250 pL W B 1R
S (10 mmol/L, pH 7.0)IR%5), 25 °CR
5 min. LA 300 pL HEE-Z P (0.667%)
ZE N 5 mine A 200 uL 700 mmol/L KOH
B 5 min, G MA 4 mL X& 1K, NE
ODsyoo PAEEAMPAE L 1 pumol B 118 T i 1)
fitg iR 1 BTG J1HRAL(U) o

2% Lowry 3B EEH R & E .
1.6 LpeTanA BB 14 BUNE

i& pH K& pH RREM: £ TFRE MK
(citrate, pH 3.5-6.0; sodium phosphate, pH
6.0-8.0; Tris-HCI, pH 7.0-9.0; CHES, pH
9.0-10.5; glycine-NaOH, pH 10.0—11.0) B ifil
10 mmol/L B E TERNERAE W . MEAF pH
BT AIBERE 77, DSBS 718 100.0%, 4050t
SARXTEERE 77 . pH et : 4R (1 mg/mL)
T 25 °CIEIRALFE 30 min, VK/KIA 30 min, &
H pH FasE e, DAL A B ) Sl B A R ) BE

o il R B SR RS E M L] 10 mmol/L
AR T ER N TR W (pH 7.0), 23 B 7EAS ] il B2
(1570 °C)I i il s 07 1) s TR RE o DA die v il
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67178 100.0%, 535S ARXS /S ) R e
PE: B AEBER (1 mg/mL) B F AR (15-70 °C)
PRIEAL I 30 min, PKZKIET 30 min, I R
FERaEE, DA G A P A 4l B A R % BE

&8 BT KA B YIS BETE J1 52 4350 )
4fififi(1 mg/mL)HIMA 4B E FRLEY EL
Wl 1 mmol/L, 25 °CARiE 30 min, #K/KIA
30 min, TEFCGE VAT, WE 48 1 &
A PR B 5

JEP R S - P B ad 2% v i o ) B o)
10 mmol/L MW EFIRHEF. WETFMIER.
WETFRNEBALARKEE TRE. 2% Lk
B E J1I0E Jrk, TERGE AT, HEEI A
[ JEC 42 P e S 1k
1.7 LpeTanA KiEAHEE#

PRI 80 g 1 1 Kk, A 60% £ i 600 mL,
1E 40 °C R # A (B2 300 W)HREL 30 min, &%)
ZZEIR)S 8 000 r/min B0 30 min IEE Ei, JE
R K, BEE R EAE 3 R, B EER
T e e 2 R A A BRI R M W, AR T
IKFREAEZ 300 mL o KR BRI A B4 18 Rz B2 B
W, JNEEE N 2 U/mL, 3171 NaOH /K5 M
T pH 7.0 25 CAKIRIIN 24 ho RVER)E
8 000 r/min Z5.0> 10 min, JTTE ] 40 °CHEAEHE T,
TS BNEEACRRAL A o BEAETRORH b FH HH B 75 (Th %
300 W, TAE3s, [HIBKSs, BFE] 20 min)ifE,
4 U85 R = OB A 2 o

HPLCPV53 b7 Bl A 17 5 19 L35 i ve , LA
B, e, AmEgRAEamm by
HEdh o TREIAH: 10%Z M5 0.1% I BEIR K% )
(A HH), 90%ZJES 0.1%MIBER K IA K (B HH);
Rl A . SEAMGINES , K 254 nm; PERE
. 5pl; WM. 1 mL/min; MR 30 °C,
TE 30 min HYIia 17T R LEREE R 0-30%
FishAH B (0-15 min); 30%3 84 B (15—17 min);
35%—50%m 540 B (1718 min); 50%ishAH B
(1822 min); 50%—0% i 3I4H B (22-23 min); it
A A (23-30 min), 28 Lu S50 & ¥R AL R

SEEER TV KSR BUEEAE IR PR i /FE i 0.005 g,
FHH B 58 AV MR I o Gl bR o BE AR AR
i TR A TR 1) W T PR LR B 22 [A) ) OE BE DG
2, VA RS EIERR AL
1.8 HIELIER 7

K Origin 2022 3R EXTF 3 AT 504 251 7
Geit oM A AL B,

2 ERE54M

2.1 LpeTanA BTHEHEEMNTIERF
e bk i

M TR FL AT TR S [N A e [ A E BT
(LpeTanA)ZE K 751 . LpeTanA 3K ¥ 51 4K
1 884 bp, 4 628 NI, N b A —1
KR 22 D BEFRAME 5 K. LpeTanA )43+
O 65 kDa, EHLECN 991, FEAJTHIH AT E
BH(E 1), LpeTanA 5 B &) 45 % BR 1 (Staphyl ococcus
lugdunensis) . T [iff TanAS] (GenBank & %5 .
AOV87064. V)[Rl J5 e, A 48.50%1, Hik5
i I £ TR £h 4% BR i (Streptococcus  gallolyticus)
UCN34 H.7fiff TanAsg (GenBank % %5 .
CBI13425. DAHUM: R 42.36%%; S FLAF &
(L. plantarum) ¥ 7*fiff TanLpl (GenBank % 5% 5
WP_015640916.1)% oM ZLFF I (L. pentosus)
A TanLpe (GenBank & 5% 5 : BAN10247.1)2
AP FUAFF (L. paraplantarum) i TanLpa
(GenBank %75 : BAN10246. 1)2VRH I 43 5]
H 14.64%., 12.85%#1 11.57%, LpeTanA f&—Ff
e Y (Y 22 R K, IR ST L RRF 81
Gly-X-Ser-X-Gly H B @A) ERRIC .

2t AlphaFold IR 45 %% = b ytss, 5 5 4
REARY AR 1 A T AR AR A (predicitive
template modeling, PTM )75 [ Fi ) 452 Al 3245
(interface predicitive template modeling, iPTM)
o, ¥ 0.9, @B . LpeTanA
AR SUH H RISE R, 19 4> o BBUER 15 4 B
FIZA R, Hb il =B (G193, S195, G197)
£ F B8 Al oS ZIA](E 2). if it PSIPRED $f4:
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TAASHIAONETOBL I vncn womin wimis sin o wios wiwes wiinie sosie somis wies woeds soEEn SRR SR o E e e SNEEe pie wieie wioey SN RIRLE eSO wie s LNISYVSN

TanAsg|/CBI13425,] MPRKKWFFTSSAVLLCSAMLLTACSSSSNSSTSSSSSQNTTASTSSLSSGEVS . TTLDKVDNSKWQYNADDNVYYQIGISYAAN
TanLpl|WP_015640916.1
TanLpaBAN10246.1
TanLpc|BAN10247.1

70 80 90 100 110 120 130
LpeTanA|UXI96086.1 TSSSTYESMGIFIPAKYVTAKASGQKTYT ITFNNKAKEKGETAK TAP IvMPVN|TEG YRA[QTAP TS Y . DSNRNK Y T[K]
TanAsl|AOV87064.1 POAKNVEKLGIYVPAAYFKGKKNHNGTYTVTVNDAKKENCEISARTAP IVYP|VHN|T)EGYAEQSAPTSYRY SN|I SKY MK
TanAsg|CBI13425.1 PTDAEQOTLSIFVPGDYMTATDNGNGTYTCEINTSATEGNMTSE TIAP IV IP|IN|TEHGY|SAMSALTEY . TSDART|D Y TS|
TanLpi[WP_015640916.1 ADDPORVTWRTNAGT. . ... L.
TanLpaBAN10246.1 IADDPQRIVTWEATNIAIGIT|. - « -« « -« -« [
TanLpe|BAN10247.1 (VDDPTR[TQWENNAITIT|. . . . ......

150 160 170 180 190 200 210 220

LpeTanA|UXI196086.1 ECEYELNQTDK[ENGS . . . . .. . ... A[ED TNR V] YTT Y@K T[T
TanAsl|AOVE7064.1 LRSMﬁsMGNNssNASTKsYETGst Tis]LEE WA THY Y RFRMD|S S|LP[ENS S[K T Y K YRAE Q|T
TanAsg|CBI13425.1 QLB ERDSIG. || . - ..o o oo il s[ENTD|s T ¥DD YT E(T

TanLpl|WP_015640916.1 plgDAnR 1 FlEP ARTAIL
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fiff TanASI (GenBank %$5%%5: AOV87064.1); M TR ELEE KT UCN34 B 7'} TanAsg (GenBank %
5. CBI13425.1); WAL FF# %7 | TanLpl (GenBank %55 . WP 015640916.1); J&BEFLAT B
T TanLpe (GenBank %3¢'5: BAN10247.1); ZEAEYFLATH 5T TanLpa (GenBank % 3%%5 .
BAN10246.1),

Figure 1 Multiple amino sequences alignment of LpeTanA. Multiple amino sequences alignment of
LpeTanA with other characterized tannases: TanASl (AOV87064.1) from Staphylococcus lugdunensis;
Tannase TanAsg (CBI13425.1) from Streptococcus gallolyticus UCN34; Tannase TanLpl (WP_015640916.1)
from Lactiplantibacillus plantarum; Tannase TanLpe (BAN10247.1) from Lactiplantibacillus pentosus;
tannase TanLpa (BAN10246.1) from Lactiplantibacillus paraplantarum.
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2 LpeTanA =445t W54%(0 . o 185 ; 260
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Figure 2 Oversall structure
Blue-green: a-helix; Purple: B-strand.

of LpeTanA.

HEAT A T, 25 SR s« a-BRTE Y 34.5%,
B-¥r& 5 10.0%, LRI 5 50.2%,
22 ERBTEG(LpeTanA)HIFRIE R4k

LpeTanA 1E RIGHF R Al &L, MR Z
Ni-NTA GEFZMrAEEFT T aifl, iR 30m kst
(1 3). BRI 54.2%, HCRES F1H 25.9 U/mg
FTFE 59.5 Umg, SiALREECH 2.3 (3 2). I
4k, i3l SDS-PAGE 43 #7, #fi€ LpeTanA iy
S FRZ 75 kDa (K 3), 50 4 AR
2.3 LpeTanA BIEEZ 4 &R

LpeTanA HYEEA M2~ PERTANE 4 R .
LpeTanA fizi&i pH {H M 7.0 (K] 4A), HiE HE N
25 °C (&l 4B). £ pH 6.0-8.0 (& 4C)}% 40 °CLLF
(81 4AD)4bFH 30 min 5, HEEHE SEEIREF 80%
P bo AR R BN LpeTanA 5% & T
MR ZS A RE IR, 456 HEH-5.05 kI/mol,
HWEFmROERAKE TR ERM 4S5 585
—4.13 kJ/mol F1-4.01 kJ/mol.

£ 1 mmol/L WIMRET, & & 1 k&Y
Xt LpeTanA [k 71 HA B #5200, Mn®", Mg** |
Zn* A1 Ni**%f LpeTanA HABUIS/EA, 435 ff
TG FTHETE 12.1% . 15.2% . 8.2%7F11 19.8% (5% 3).
I Ca**, Cu*Fl Fe* X} LpeTanA /£ T #lI il 5%

E3 ETH§ LpeTanA BKE  A: F7fif LpeTanA
HHEFHEIKEIM: & H marker; 1. 2400; 2: F
s 3. ULIE). B: BTN LpeTanA 4ifbE(M: 45
[ marker; 1-2: Ni-NTA 4lifk).

Figure 3 SDS-PAGE analysis of tannase LpeTanA.
A: SDS-PAGE analysis of crude enzyme LpeTanA
(M: Marker precision plus protein standards; 1:
Complete cell sample; 2: Cell supernatant; 3: Cell
precipitation). B: SDS-PAGE analysis of purified

tannase LpeTanA (M: Marker precision plus protein
standards; 1—2: Purified by Ni-NTA).

% 2 LpeTanA di{t 3=
Table 2 Purification summary of LpeTanA

IRl HEL T FAZEHT
Purification steps Crude enzyme Ni-NTA
SN 1296.5 703.0
Total enzyme activity (U)?

25 [ Total protein (mg)® 50.1 11.8

FU RS 1 25.9 59.5
Specific enzyme activity

(U/mg)

4L %L Fold purification 1.0 2.3
[t % Recovery yield (%) 100.0 54.2

a: 1L 10 mmol/L ¥ & TR BE(propyl gallate) MJIEY), 7
50 mmol/L Tris-HC1 pH 7.0 Z A& R T 25 °CJ i S min J7
DSE /RS J1 5 °: S R LowryBULIE

2. Enzyme activity was assessed in 50 mmol/L Tris-HCl
buffer pH 7.0 at 25 °C for 5 min using 10 mmol/L propyl
gallate as the sole substrate. ®: Protein concentration was
determined by the LowryB3!l method.
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4 LpeTanA K& & pH (A), &&EEE(B), pH REMOFIREREMED)
Figure 4 Optimal reaction pH (A), optimal reaction temperature (B), pH stability (C) and thermal stability

(D) of LpeTanA.

B, BEHE S0 R 23.4% . 15.8%F1 21.2%
(3% 3)o LpeTanA X AS[a] I 04 AN R 4 Fr
/No LpeTanA XJ ¥ F 18 H R LA i i S )
(100.0%), XEEFIRLME . W& TR E A
ILZE R W BT IR R AR X S 14350 55.1%
43.2%F1 45.1%.
2.4 LpeTanA KEEA A MIEEERTERR
LpeTanA 7K fif A1 15 Kz 32 BOR S 1AL IR
AR IR, FRBCRAN 11.5%, 4R
28.0%. HPLC Zr#raR . LIS A iRk
M 4272 ng/mL FREZE 172.4 pg/mL, JUIEH¥ELE
FRMFE N 102.4 pg/mL 7+ 2 220.0 pg/mL (& 5).

3 Wik
Bl R T PRz, 20T

I 53 1% S92 AR it v A LR A S T 3 R ik
PRI 9 P A VR ek ) R TR R, BA R 2y
M2 A% . Al FAZ AR R By 2R B 5 i
A 6 P 43ST R R R AR TR A B Ok
VR, T DA i e R R SR B AE R, T R
FEOATEEEY, KL, ASCHESE T ORI
(L. pentosus) ¥ T fiff LpeTanA [ i[5 15 | il
Pk S5 B HL K A R R B U AE R

LpeTanA 5 H BBk # (S lugdunensis)
AT TanAS] [R] YR M 55(48.50%) 21, A
LpeTanA J&—HH M, LpeTanA (Y pH
{4 7.0 (1] 4A), 5 HL Y A BKT#(S lugdunensig)?!,
A (A nigenPRFEIFLFFE (L. plantarum)’
LGS pH AHIA . ZBEE pH 6.0-8.0 FaE
(& 4B), Sf#BE TRRELSEERF (S gallolyticus)
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=3 ERETFRULEI LpeTanA BI5200

% 4 LpeTanA HE¥EFFEM

Table 3 The role of different metal ions and Table 4  Substrate specificity of the purified
compounds on the purified LpetanA LpeTanA
IR T R G AHXS B jisk7] e AHXT B )
Metal ions and compounds Relative activity (%)? Substrate Specific Relative enzyme
(1 mmol/L) enzyme activity activity (%)®
Control 100.0+0.00 (U/mg)?
Ni2* 119.8+0.21 B 7R R 137.7 100.0
Ca2* 76.6+0.15 Methyl gallate
702+ 108,220 49 WEFm R 75.9 55.1
Fe2* 86.6+0.32 Ethyl gallate

BB T RRNER 59.5 43.2
Fer 78.8£0.15 Propyl gallate
Co?* 94.7+0.30 IR E KR E TR 62.1 45.1
Cu?* 84.2+0.26 Catechin gallate
Mn?* 112.1£0.08 a FIRIEEE SR 50 mmol/L Tris-HC1 pH 7.0 2% ik
Mg?2* 115.2+0.13 RZRT T 25 °CI N 5 min; °: & THR P ER N Y B A
EDTA 95.7+0.11 TS 7 A %t B (100.0%) 5

4 Substrate specificity was assessed for the various
SDS 80.120.21 substrates of above-mentioned at 25 °C in 50 mmol/L
DTT 82.6+0.55 Tris-HCI buffer pH 7.0 for 5 min. *: The tannase activity

@ S F7I0%E L 10 mmol/L B & F BRI iR (propyl gallate)
JEY), 7E 50 mmol/L Tris-HCI pH 7.0 ZZRIA R T, F
25 °CJL N 5 min, LAARINA G I8 &5 1 KAk & Vi 57 1 i
16 1 X BR(100.0%) 0

2 Enzyme activity was determined in 50 mmol/L Tris-HCl
buffer pH 7.0 at 25 °C for 5 min using 10 mmol/L propyl
gallate as the substrate and without any addition was
considered as 100.0%.

(pH 6.0—8.0) 220347 24 1) 3058 25 7 (Streptomyces
sviceus) (pH 6.0-9.0)! i pH FE Y [l AH
i . LpeTanA 54245761 15 (Verticillium sp.) P9 .
THF TAH I i i 3458 25 °C (Kl 40), Hiz
FiEAE 40 °CLA T RIFREE , Bat 45 °CHYlTE )
2B (4D, LpeTanA EA 7ERIE T f#
FREGOE « X il B AR A OB DL A vh s R ) AR
PEICTE M RRYE, XSO RRE 55 B T TAH 1
AR, #PRILH 5 IS AR i 1P, AR T
by LT TR SR U5 9 BATF i TanLpl (40 °C, pH 8.5) .
TanLpa (40 °C, pH 8.5)#1 TanLpe (35 °C, pH
8.0), LpeTanA [iwidi il & A1 pH 45 B T %,

39 A 25 °CHIl pH 7.01%, TanLpl Fil TanLpa 7£
pH 8.0-10.0 {45 80%A A% 71, i TanLpe

determined using methyl gallate as the substrate was
considered as 100.0%.

F1 LpeTanA 7E pH 9.0 DL 1% 1 &8 F R,
TanLpl, TanLpa I TanLpe Xf 245 LA R R %
PR B G M, T LpeTanA X F TS H
AIRYIFPEGR 4), S8R KRE FRR A ER )
KR, X5 TR FE (Clostridium butyricum)a
T CbTanl 45 S A58,
ATV 2 R A B, RS
IR | AR R RS 27 S A ) R L EE ORI,
FMHTEFETLA S RN, A 20 U/g HT
fit}, 48 °C. pH 4.5 JxJii 4 h, WEFRR T EIA
10.79%. Rajak SFPV4EF F S h & (A. awamori)
SRR T, K A#ZZ 4 (Madhuca india) i1,
fiti & 56.16 1U/g, 35 °C, pH 5.5 1k 72 h #%
FEFERIA 0.256 mg/g. AWFFYIY LpeTanA REfE /K
il A 1R B2 A AR TR , N 2 U/mL [¥) LpeTanA,
25 °C .pH 7.0 J Vi 24 h #FAEBREEBCR N 11.5%,
4K 28.0%., 1E pH 5.5, 30 °CHI AL HeE Ky
19.5 U/mL & ph 220 U5 1Y BT g S N7 48 h, B4
FREEECR R 13%, 4R 29.08%28), PINFR A 21
DI Rz 2y MY, 16 pH 5.2, 45 °CHIN
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Figure 5 HPLC fingerprints of pomegranate peel polyphenols and their enzymatic hydrolysis products. A:
HPLC fingerprint of supernatant before enzyme hydrolysis; B: HPLC fingerprint of supernatant after enzyme
hydrolysis; C: HPLC fingerprint of precipitate before enzyme hydrolysis; D: HPLC fingerprint of precipitate
after enzyme hydrolysis. 1: Punicalin; 2: Gallic acid; 3: Punicalagin (3a: a-punicalagin; 3b: f-punicalagin)?; 4:
Ellagic acid. *: Punicalagin including a-punicalagin and B-punicalagin.

30 mL/g JK¥ I 16 h 5, BAEREEN
24.73%. KL, LpeTanA /KA1 14 Kz 3R BUAE
1R ELA /b sy i B AT A S R (] 66 1)
R

LpeTanA KA IS, UUTE P AYEEIEIRR
M 102.4 pg/mL F I+ 220.0 pg/mL, FiFHHY
TACTR MR B I 427.2 pg/mL FIEZE 172.4 pg/mL
(Fl 5)c BEAEMR ISR MEFE IR I 5 22, T
TR, BT MEE, ANETRE, 7EKER T
o VA 22, ik B A U S T A 3 R0
REFNA R B il O AL R ALE Tl B 2EA 727,
T A S 56 () 52 BB B2 48R (25 °C), Al BB 7
HFAETR N EE AT

4 Zi
MBI 8 o e — A B 0 45

FE LpeTanA, FFPERIMAFTFR h IR, BRI
BT 1R H R A 85 1 EL RS J1(137.7 U/mg),

Mo aE pH (B FH S5 3 i B2 430 R 7.0 1 25 °C,

ZBETE 40 °CLUT OREE 80%LL EATENE, ™ T
45 °CHf 2 H B TE LS . LpeTanA K fiff A1 1 7
A IHEAC TR B BCR A 11.5%, 4R 28.0%.
A5 R B 7K A A R B A 7 AR TR A A T
FHIEAE

(!

A& SSIRAE T, Bl S B,
S E R AL FE ST AR RS 5 FEIITEE B
FEREUR A S5 S MRk so; B,
SRR s HAE . ORI H A BRI
PR s TLIESR . WEFEMEEE . 1830 B
HEIT.
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