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Abstract: Objective: To develop tannases resources with excellent enzymatic properties. Methods: Primary screening was
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performed using the clear zone plate method, followed by a secondary screening using the methanol rhodanine colorimetric
assay. A fungal strain with the highest tannase activity was isolated from the Daqu samples. The strain was identified
through morphological observation and ITS sequence analysis. The liquid fermentation conditions for tannase production
were optimized. The enzyme (PhTanA) was purified through ammonium sulfate precipitation and DEAE weak anion-
exchange chromatography, obtaining electrophoretic-grade pure enzyme. The enzymatic properties of PbTanA were further
investigated, and its application in hydrolyzing tannic acid to produce gallic acid was evaluated. Results: The strain was
identified as Penicillium bilaiae and named Penicillium bilaiae CAU46-1. After fermentation at 30 °C and pHS5.5 for
4 days, a tannase activity of 28.7 U/mL was produced. This was achieved under conditions where 3% tannic acid served as
inducer, 4% wheat bran as carbon source, and 0.2% ammonium chloride as nitrogen source, resulting in a tannase activity
3.3 times higher than the initial level. The tannase (PhTanA) was purified using ammonium sulfate precipitation followed
by DEAE weak anion exchange chromatography. Its molecular weight was 79.0 kDa. The enzyme exhibited good acid
tolerance and thermal stability, with an optimal pH of 5.0 and good stability within the pH range of 2.0~7.0. Its optimal
temperature was 60 °C, and it remained stable up to 50 “C. PbTanA hydrolyzed 20 g/L tannic acid for 8 h, producing a
gallic acid concentration of 18.4 g/L with a yield of 91.8%. Conclusion: Tannase PbTanA from Penicillium bilaiae CAU46-
1 showed excellent enzymatic properties and efficiently hydrolyzed tannic acid to produce gallic acid, demonstrating its

potential for application.
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1.2.1 FEgpfbhlg  PARIREER IR E (wiv) : BT TR
1%, NaNO; 0.3%, KC1 0.05%, MgSO,-7H,0 0.05%,
FeSO,-7H,0 0.001%, Bl 3%.

PRI G5 3235 (w/v) - BRTR 3%, BRIK 4%, &
14% 0.2%, MgS0O,-7H,0 0.1%, NaCl 0.05%.

W 2 B IR 3 (w/v) : BT IR 1%, RERE 1%,
NaNO; 0.2%, KCl 0.05%, MgSO,-7H,0 0.05%,
KH,PO, 0.1%, FeSO, 0.001%.,
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PDA ¥igedrp, 193 alifbiitk. HIHL PDA Bkt
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PG ITS LK X A4S 1TS1., 5.8S rRNA FE[K
ITS2, PCR JZ L 2514 4: 95 °C, 3 min; 94 C, 25 s,
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FAUSRIEA AR R G R T -
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PR ZE iR pHS.0) T2, 60 °C R W 5 min J5N
A 300 pL HEE-Z PSR (0.667% ) 24 1B N, [V
WHHIA 200 pL KOH ##% (700 mmol/L) i {2, F-
S 4 mL 47K, £ 520 nm P FMEBSEEE . LA
W) S5 B B0 W 7K 3 A RV o) IR 2], S22l
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LAtk S i B F IR TR IR 2B A 1 pmol &
TR T T BN | A ERE T A(U) . EASES
B Lowry HRIMNAE, LIRS B HAE PR EER AU,
1.2.5 FHSERE 7 BT RERIUE Rl R
T S AR TE 250 mL = ff iR P 3EAT, R R
20%, FEH B AU LR RS 107 ~/mL, i
R 1%, FE R 200 r/min. FERAR K BEEG 3R 3L A0 IR
I, SRABREZRALR 775, RIS 15 S R s (B
TR WE TR, WETIRNER. AR FIH T
(0% 0.5%. 1%. 2%. 3% Fl 4%, w/v) . K375k
M AR IR AP 2ISE (AT PR TE T . /NZEER B | A2k .
WL 22 ZEHE) AR EE (0.5% . 1%, 2%, 3%. 4% F1 5%,
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BRek . WV ANEREN . WEMR A 4k . SIbek . IREN) Ak
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BHNTI R, FARET DEAE-52 BHES 7230 #e 2014,
20 mmol/L B$fE 2% thi (pH6.0) ek Ash &8 M, H
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pH5.5) 1, F 45 C ¥ H 15 min. AN HATIRAY
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125 1.2.4 MIERFE 1, VA IKME N 100%, 53515045
TR W AERT S T o
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FILE TR KRR FIFTIERR S PR (50 mmol/L,
pHS5.0) Fid il A TFHERIF W (1 g/L), il A 1 U/mL [ 5.
Tliff PhTanA, 7E 40 °C T, 475%1F 0. 15, 30 min
1.2, 4. 8, 12 h HUAEE, B /K 5 min 2% 1E [ )2
N o fHiFH TLC J2 M7k 8 PR As U K ff 2, TLC J7
W RIFRN N 2R s : = ki Hfig=4:4:1,
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AR 1%(v/v) ZIR, B H 100% Z A, i~ 1 mL/
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TRFF 1% B, E TSR .
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1.3 HEAIE

JITAT S B E A R, Bl S PRI E RS . SR
JH SPSS 16.0 B4 47 Jy 22 Fl i 3 PE 53 b, SR A
Tukey’s HSD #86, .2 E/K3FE P<0.05. R Prism
9.5 Fll Origin 2023 #HFT4LK .,
2 RS9
2.1 KPS~ 2 TEHEHSENMEMEE

SR FH 325 P RSP AR 77 358 400 07 R0 FE B2 22 5 Pl
WA, BT iRE S RSB T R B AR, Hoh—
A7 A 3 s B L 1 EL B CAUA46-1, FEER P37 Lk
(352 i 14 R IRV RS 10 6.2 U/mL, Pl 77 e,
BUSENEATSE ¥ ST Y =ES R 0 i

% H. B TE PDA #5323 Lol -k H O F0IR A
22, J5 B A AR S i g, ISR R (PR 245
(E 1A) . BB (200%) W R IZHE IR K | %
BH . A b, S AR ST, IOl p A iRk, HL
FARGIE SR, S AE TR EBRIE B WERE, Ra6HE, 2
HERHEFT(E 1B) o X FEE RS F M, wI2E 002 1%
R 28 o

/ \ \k i‘ .:Q‘i

[ i
N Akt

/// GO oy |

v

C 100 | Penicillium bilaiae NRRL 3391
80 CAU46-1
66 ‘——————— Penicillium amaliae CBS 134209
Penicillium bissettii CBS 140972
100| Penicillium restrictum 1A38
Penicillium chalabudae CBS 219.66
99| Penicillium herquei CBS 336.48

Penicillium malachiteurn HNNU 0004
98 Penicillium griseofulvum CBS 185.27

Penicillium zhuangii HMAS 244922

0.010
Fl 1 Wtk CAU46-1 HIEIEA(A) . BRUFE(B) A ITS 7

TNRGERKEM(C)
Fig.1 Colony morphology (A), microscopic characteristics (B)
and phylogenetic tree of ITS sequences (C)
for strain CAU46-1

SRR CAU46-1 $E4T ITS JLHFEFP 14, 153
K4 560 bp [ ITS XTSI, R5:K B R4Hr
BH, X ITS /75 5FF4175 % NRRL 3391 RF[6]—
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ST, AU R 100%, 5 HAh T 289 Fh EH 531k,
AR E T 80% (8 10) . L8 WKL, Wik
FRIEFN ITS JP91, S8 Xm0 TR 75 85, a4 TR
HH CAU46-1.
22 HEESAETRETEHEHML

38 3o PR 3R S UG X TR T B CAU46-1 IR &
ey BT I SRR T . BEFRSEAH oAb at R
T (A 2), LAY S ST, FRi 8 CAU46-
1 BB K S Bx s, N 6.2 U/mL, 350 T3 T-hR
PNEE IR B2 (P<0.05), TCifs s LA TN
S IHZE A T (E 2A) o B SRR
TG IR I, R b BT IR MR B R 3% BsF, BRI
TR 7K A ok 28 1= T H At e B 7K (P<0.05), oA 10.2 U/
mL(E 2B) . KFERRIEICALLE SR FE0H, LL/NEE#R A
USRS, AR 7K F-fe i, 2 12.4 U/mL, W35 T
HAth PUFF AR U5 (P<0.05) (8] 2C) o /N B R U N
4%BF AR P B K, 35 16.2 U/mL, 23 = T
f e JEE K- (P<0.05) , ARSLHE /N B e W P, BfF T
K 2 R (P<0.05) (F 2D) o A EEEIRIEAbSS R
2B, TCHLAUE Ee AT HLAUE SR T B AR = i, o L)
S A S AR AT B AR P B K i, S 16.9 U/mL
(I 2E) . S4BT N 0.2% I ERRR = Bl K P s
(17.0 U/mL), 4kZeHe i S A 2, refikF w5
B (P<0.05) (&l 2F) . REESEAMALE R ANE 3 fr
TN, I BOE R EREE M 30 °C, TEMIR)E F1E3E 3 d,

BERR 7l /KSR 17.3 U/mL, i 38w T A Ve 3 7k
S(P<0.05) (El 3A) . AN[F] pH X FH# 755 CAU46-1
WRAAR e 7™ L7 il 1) S 1) G0 1R] 3B, 122 TR i i R T
pH & 5.5, 7E Itk pH F 55 3% 3 d, BE AR ™= il K -
20.8 U/mL, & & & T HAth pH 7K F-(P<0.05) . 7E L=
RIACSAF T, FET 5 CAU46-1 AR K Er= sy
B TR AN 3C, K% 1~4 d I, FREg KO Erae i e,
K 4 d e, pelg Kok Bl i = H(28.7 U/mL) o &5
b, FET 5 CAU46-1 WA R 1= B2 7 Bl i Bl 4%
PR LA 3% BT TR NI FW . 4% /N2 BR F2 Tt
0.2% @Ak & IR, 78 30 °C. pH5.5 F A 4 d, 72
Bk ik 28.7 U/mL, BANALATHE S T 3.3 fi%-

P — RS S, B A RO W R R
TIN5 5 A P i AW ST S S 5 S
PR 7 il , 2248007 A BUAE ) 1) Bl o5 S R PRt
P2 197201, i e R v v VA B BT IR £ 5 BRI A TR
A= 40 i R i 4 P TR AR e, A B AR RS M AT
BRI AN AR, PRI 22 250 A AR A ) O I BT
it Fk AL R O e BEAE 0.5%~3.5% 305 [l ™, 40 28 il
FF AUMC 5614 Fl1EE 18 (Aspergillus flavus) MTCC
3783 R BRI HL T HFRT, 43 B LA 2% Fl 3.2% FR TR
AEGE T TN INZEER AN AT IR A s
fitaEE, A — LT i &), (et p T
Bt 1A B RN G o BR/INZE BR 2 A1, Hofih sy & 7 i)
AR ) = A SR B A B R PR TR, AN (il

A 10p C 15¢ E 20p
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st T e
= = L —
E £l = I L I
) =) c I = c
2 2 . = = w0} . £ ¢
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T A RRERIZOUIL B: K% pH ALk C: A B L.

7% (Aspergillus versicolor) . AWk J1 B ( Fusarium
equiseti) FE T 25 (Penicillium citrinum) BENEF| FH %
B RN B R S SR it A e = BT Y R
S SN B A UG W - BT I o — OCEE R 3R . B
HLAR T3 5 B A W™ R lilg, G B th#s J-T18 il
SRHAEE AUMC 5614 53551 A P B2 RIS 1 60 A 2L TR
TR EN R o P BRSPS B A B P
TR AR SRR A K A 3 UIAHOC, REAE 25~
40 °C YLEIN, UK 5 (Aspergillus glaucus ) F%
IR IR 55 (Penicillium rolfsii ) CCMB 714 K=
T A4 e 3 YIRS 43931 A1 40 °C T 30 °cle22l, ORTR] A=
RGO W) A e 7 PR T I Bl pH SR, R8T 2R
R A R By BT B Bl pH S Ptk 22 h ke
[l P AE 2R 22 R TR R TR ™ B Tl 1) i pHL U]
fig Pk, UnZAphEE AUMC 5614 FHukih a5 (Aspergillus
awamori) BTMFW 032 k& % ;=i i) fxi& pH "~ 4.0
150123 AN[RIZE A ity B A AU g 7 B T K
SPAEAE 225, P A R 2 DR RN A U T B B 114 7 itk S
BAR, T A A 2R BT 7 Bl KA R o B 22 TR
R 1 il % 5 85 (A B ( Klebsiella pneumoniae) Y L-
1 2 REEA IS 7 /K-35 A 4.4 U/mL F1 0.8 U/
mL 724, FRAREE AUMC 5614 FIifuk i E BTMFW
032 22 R BEILAL IS 7 Bl 7K ¥ 43 531 24 11.6 U/mL il
26.2 U/mL U821, 95 8 & YR A4 < 19 7 BT Tifg 7K -3
HWAE 5~40 U/mL Z 0] . & RIS, FRM TS 2
CAU46-1 ;= L7 fiff /K F-35 28.7 U/mL, i T2 76
5 AN3 M /R R EHE CCMB 714 KAL) 17~
ARG KST-, 43508 8.4 U/mL il 25.6 U/mLE221, {Y
IR TFr=885 85 (Penicillium purpurogenum) 5= ¥ 7 i}
7K3F-(40.0 U/mL)>*,
2.3 BTHE§ PbTanA HISHIL

IR BT HE AN B B - 32 4 2 Mrali Ak As 21 pe g
i PbTanA FYHL UK S 2L 1, LUBENS 01 34.2 U/mg,
B 3 TSR 19%, aiAf54Ch 8.9(58 1), SDS-
PAGE FfFE X R e HOB A B WG 1, 12200 L 5.
—HHAN, TN 79.0 kDa(&] 4) .

AN [FIA YA T B 3 A i 3 22 5, Al Bk

# 1 FEEHE CAU46-1 MATHEAIAL

Table 1 Purification summary of tannase from Penicillium
bilaiae CAU46-1
BERE S BEASE S IR
Sliff AT slifbf
HHER (v) (mg) (U/mg) PRALAR (%)
LB 902.4 235 3.8 1 100
WRREVIE 4783 40.8 11.7 3.1 53
DEAE-52 171.4 5.0 342 8.9 19
kDa
150 | s
100 | s g
- . |
70 . -
P |
™ |
E T |
35 .-
| cmm—
25
20 | -

2

1 2 3 4

Kl 4 TR CAU46-1 HUT R PhTanA RLIALANREE S3HT

Fig.4 Purification and zymogram analysis of tannase (PhTanA)
from Penicillium bilaiae CAU46-1
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3
= .

PR Tl — i 53 B /N (31~90 kDa) , 11 BL B A 5
AT HAE 45~320 kDa JEFEINP, PhTanA B4
T T 22 B R R AT (63 kDa) ! FIE
A2 NL112 SRIF T (45 kDa) P, (HAL T R Al E
LCF 8 3RyFRPATHEF(168 kDa)?" Rk EE (Aspergillus
oryzae) RPEHT (106 kDa)P¥,
2.4 BTE§ PhTanA BIEEZ 1R

PhTanA W Hxid pH A 5.0(E 5A), £ pH2.0~
7.0 T ALFE 30 min 5 RELR B 80% LA | 1Y g V% F3
(Il 5B) . PbTanA 1Y fidi il &k 60 C.(& 5C), 7¢
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45 °C DI FARFE 30 min BENS AL BE 90% LA I A TS
J1,7E 50 °C T AL 30 mim {8 70% L4 I (i
W71, B R vae k(K sD) . ARl4 a1
TG W% PbTanA [ihG JisZ NG (3 2), &85
T Ag'. Cu®X PbTanA [HBfEIG 144 WA W 3m il 4E 4,
BET% S1 53 B F R 66.5% F1 61.4%; Co*" . Mn>*Hll
Fe* % Wil vi% 7143 B AR SEAEF, BlE 715 5 4 e &2
116.5%. 112.5% #11 111.5%., EDTA 4b¥EX} PbTanA
Fifg 7% 152 %L /0N, 1 SDS il B-#idk 2, W) L-F- 58 4

#] PbTanA AITEME,
#£2 SREEFALEYN AT PhtanA BIS 1 I52H

Table 2  Effects of metal ions and compounds on the enzymatic

activity of PbtanA
SRETRAGYW (I mmol/L)  LEEE(Umg)  FHXTERG 11 (%)
oyl 34.2+0.7 100.0
Fe** 38.0£0.3 111.0
Fe* 38.1+0.2 111.5
cr' 32.0£0.2 93.5
NiZ* 35.6+0.3 104.0
Zn* 31.120.3 91.0
Mn** 38.5+0.2 1125
Co** 39.8+0.2 116.5
Ba* 34.5+0.3 101.0
Ag’ 22.7+0.5 66.5
K* 37.4£0.2 109.5
Ca* 33.7£0.2 98.5
S 33.9+0.7 99.0
Mg* 34.2+0.3 100.0
Cu* 21.0+0.5 61.4
Triton X-100 33.7+0.2 98.5
EDTA 25.0+0.7 73.0
SDS 4.4£0.3 13.0
B AL B 1.940.2 5.5

L PRI YR PR il R R IR MR SR N A R Y
IR E, UnBALT R EZ-ZH190 FIEEHHEE NL112 3¢
PR T, freid pH 4392 5.5 F1 5.01%2°0, PbTanA
TERRYE I N B R4 a0 e vk, 76 pH3.0 FAbHE
30 min {31% B 80% LA L IS 11, 10 T R-aGH 5
EZ-ZH190 >k JF 2A 7 I (7£ pH3.5 T AL 30 min 5%
BE S J1/ VT 35%) FLL 22 25 (Aspergillus nomius)
GWAS SR A g (£E pH4.0 F 4L¥ 30 min %% B4 i
W J1/NT 50%) B2, B fiff PhTanA fid i 2 N
60 °C, BH il 5 FHb 2L bR B RSRIE A T (30 °C) AT
LR EE (Aspergillus glaucus) AYPFEATRE(40 °C )T,
AR, PR PhTanA HAT R4 EEE v, T
12 TF-8 SR IFE A ST [ (£E 50 °C FALFE 30 mim,
FREATEHG 71/ NTF 40%) P, AR T RA M J AR RS (Aureo-
basidium melanogenum ) T9 HYFFL T Hiff (55 °C T 4b
H 12 h, BEARAEE 60% LA L AYRETS J1)PY . KE 4R
B B EE A S M AN [F], 0 Min® AT LA S i
T ATCC 16620 U5 5077 fifg (¥ g i 0, ZP08 gF 877
fif PhTanA [ i 7% 71, EDTA & B )5, 507 [iff
PhTanA 5% BB NG 718 73%, 228 EDTA #1P#il Xt
PbTanA 74 T — @ ANHIVEH, X 5% IR K E5HE
CCMB 714 > 5 B8 77 [if§ (1) fifg 24 P o — 3P, SDS
I p-3r KL 2.1 .35 1) PbTanA (GGG J1, F20Hi%
it 1) A A& Ty BE AR 386 1 43 1 P A 0 R YL
PbTanA HAT R AFAITH R TEAIHER S, HXTZZRha:
JE BT HA RS20k, B AR T .

2.5 BTEHIKERFMEROK R B TERE IR B TR

HA Tl PbTanA 7K fif B0 77 12 i A2 Un &l 6 s o
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93.1%. 91.8%. 81.7% (&l 7).
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min h
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Fig.6 TLC for hydrolysis of tannic acid by PbTanA
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Fig.7 Hydrolysis of gallic acid production from various
concentrations of tannic acid by PhtanA
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M 81 BRI ZEAAT B8 (Bacillus sphaericus) 6 5 5
THELL 50 o/L LT ER N NEHY I N 24 h, A E
TIRAS A 90.8%, I AR [ R B I Y P 1 ity LA
20 g/L PAT IR MRV 10 h, T & B TR 1S %
91.6%!"'31, PbTanA /Kf# 20 g/L BT ERISY 8 h, %
BRI RN 91.8%, HAG B & A i i, H
JNE R TR] S 487, FEZK i P T IR A8 i B iR rh R B
CESNEDIVA S =R
3 &g

ASHIFTE N 438 L — Ak v LT i g R A
T CAU46-1. fE T FRME 8 CAU46-1 ARk

T 7= PP T il 1) de 3l A T 7 Tl 2% A, 7 AL T il 2K OF
(28.7 U/mL), #A bR T 3.3 5. Wizbalifbfs
P IR PhTanA, 2 80T B HAT B AR iR
FIERSE M, BE ORI AT IR A T B TR, ZK it
20 g/L HUTTRIKY) 8 h, e B TIRAS% K 91.8%, FE/K
fi BT IR ] A B TR R R L R AR R N I T o
ASWFFE TR IR A P o U, Fh R T S ik
T, R S PRI THLSTs 5. SRS
5 485 4 TR % 40 A RN 35 DN 4H 2 4y M, XS e R T i
PbTanA ST, FSE i m s T IR 260k .
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