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Abstract: [Objective] To explore a specific aminopeptidase that can debitter cod peptides and further
increase the value of this fish. [Methods] Aspergillus oryzae RIB40-derived aminopeptidase (AoAPase)
was expressed in Pichia pastoris KM71, and its characteristics were investigated. The cod
peptides-debittering ability of AoAPase was evaluated by ANS probe and electronic tongue. The
content and molecular weight of free amino acids in the cod peptides hydrolysate were detected by high
performance liquid chromatography (HPLC), and the surface microstructure of cod peptides was
observed under scanning electron microscope (SEM). Moreover, the DPPH-, hydroxyl- and
ABTS-scavenging activities were determined to evaluate the antioxidant properties of cod peptides
before and after AoAPase treatment. [Results] AoAPase was successfully expressed in KM71, with the
molecular weight of about 41 kDa. AoAPase activity reached 2 238 U/mL under optimal conditions of
70 °C and pH 8.0. Its activity was enhanced by Ca®". In addition, AoAPase exhibited substrate
specificity, and its K, and V., values towards Leu-pNA were 5.95 mmol/L and 43.58 pmol/(mL-min),
respectively. AoAPase could completely eliminate the bitterness of cod peptides by removing
N-terminal hydrophobic amino acids and reducing the content of bitter peptides (500—1 000 Da). The
cod peptide powder after AoAPase treatment became more delicate and loose with no significant
change in antioxidant activity. [Conclusion] The recombinant AoAPase can remove the bitter taste of
cod peptides without influencing their bioactivity. This study lays a theoretical foundation for the
application of AoAPase in protein debittering.

Keywords: aminopeptidase; heterologous expression; debittering; cod peptides; antioxidant activity
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AR, W A B ARG s R IR A 5 i R 3R v
WA BE, MR K RBRE IR, S, &
kB (Aps; EC 3.4.11)J&E TAMKEE, BB /K A% K
Bt N ¥l A 75 R Leu . Pro 58 B /K 1 2 L PR 5%
B, Bl RCRRAET S BT GE 1 2 K
TORIEFRAEY, wfsaEmE™ . Bt
e )m . AT AL, Bl
un Streptomyces canus T20 K P = JKHEF SCAP X K
KREAARERB RN, o wom R T
49%!1T. A HACZF AT B SWIS33 JAci 2 ik
BLAP {f K 52 1w RS BEFRAK T 88.89%!',

FIR B MRAFAE A 2K A A = L $R I
M2k THRAR(0.4 Uimg) S5 I, FRAR T 4 K
MR . BE T, RS AT T RE T
YRSk S L Ik ™ 5, flUok % CICC2066
AR INE ARG , RS R B KT ) 2 5
RUAPRAY 1.24 50 (AT RRAG - f it b, AR
%o MeAHh, REE I TR AL AR S SR IR R IR A
JORTEE , AT eS8 155 5 4 RO IRt o 34 S. canus
T20 K IR 2K ScAP 12 R HT I v R ISR A,
HFEE R 20 U/mL #2755 1200 U/mL™, fHK
i HT R S IR R A I K A 2 2
SRR WAL A . AT S, ERORmEREER
KRG AN, WIEE SRR, W
WA B BRI R R B S A By
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B Zj016 S IR Z Ik BSAP 7 56 AR i £ h ik

HEE S 96 h fiei il ik # 28.4 U/mL, J2HF
AR 7.1 F50

AWEFEKG: Aspergillus oryzae RIB40 S5 ) 2
AKX AoAPase (GenBank % 55 : XP_001825745)
TEYE IR bR 3R 0K R 58 AT S IR 98 38 51 03 A HL il
PR, HRIY AoAPase X i £ K 1Y I 2750 |
Xop 835 £ R BT AT 5 i S A E B Tk
TEAEN o
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1.1 LIEH RS F

KIGFFFE IM109, HEFREERE KM71 355
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R vl B, 7 b AT 23 590 W T b AT e
VIR A BRA R Ve M SR A Y AR BR A
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fAi#% M QS. XS A1 HB), JE ki BUR ] £ . PCR
P Al A ) A I F A s R AR AR AL R A TR
/N]; 2xPhanta Max Master Mix ., PRl E NI
fili(EcoR I Not 1), 5 hv Belnl i 25 4H 100 & 5%
WA T 1 ME e (i ) LE IR BR A W) 5 WERRR
EHBREWH Oxoid 23] ; L-Leu-4-fiff 32K f
(Leu-pNA)SEIE Y)W F Fifg BT hr T A AL B
WA BR A F], HA ™ 2 B sl 4 3 2
EH
1.2 AoAPase M) fERIA

AoAPase F K ¥4 £ Signal IP Tl LB 15
SRRE IR A ER AR R A BRA R A R
F| pPICOK #ifA I ,PCR ¥ 3 H i 2 A AoAPase
Ja i Taitk, FikAk pPICIK Y1 EcoR THI
Not DY) Z 5 #iifk., FFH B 7 B[R] U5 8 21 3K
F Gk 5 N5 U UT) Jis  Ze bk B i AT 3%
B, RIS HEH R pPICIK-AoAPase i HiAE
A E. coli IM109 &2 540 AE . H 0 7 15 8 10 5
B VEAL G L T AR RIEEEE KMT71 S22 2

http://journals.im.ac.cn/actamicrocn



4946

Yuan Shuai et al. | Acta Microbiologica Sinica, 2022, 62(12)

firb, WS R4 TR AT T MD “PARTE 30 °C
KUFTFRFR 2 d, MBI BB
73R % 50 mL BMGY 85383 30 °C 535
1.5d, BO0RAEE, H 25 mL BMMY #3735
R, 7630 °C #5538 4 d, & 24 h MLk
£ 1% (VIR EESE S, T 5 000 r/min 5.0
5 min W, BIA AoAPase i o
1.3 AoAPase EiE S ERKENE

KA Qin 259, KU AR ZR 24 50 mmol/L
Tirs-HCI (pH 8.0)Z& i FIi MR A 200 mmol/L
) Leu-pNA N JEYIFE 50 °C K1 10 min, F]
T BR ASCRE I 405 nm Ak B IR GAE . TS 2 X
SPBRREIL 1 ng pNA FIds i L o — 4> B
i (U)o M4 —2F 7] T2 (bicinchoninic acid, BCA)
PV R R B (G s RAE R ) E B
P15 5
1.4 AoAPase B4R
141 RERERREREM

¥ 50 mmol/L Tirs-HCI (pH 8.0)%% i i i ¢
#J AoAPase, BT 20-80 °C ([E]f& 10 °C)fRIE
5 min, fIIA 200 mmol/L JIE¥) Leu-pNA, &
NIRRT AoAPase TS, WF5T HiikiE
M. ¥ AoAPase BT 50, 60, 70 °C 44T,
[P 1 h % AoAPase ISR ANEEIG , WY HIR
JERE .
142 Hi& pH X pHEEM

2 pH 3.0-11.0 BZEri(pH 3.0-7.0 citrate-
phosphate, pH 7.0-9.0 Tris-HCl1 #1 pH 9.0-11.0
glycine-NaOH)Hi FE ) AoAPase B T fidi il %
TIERFG, #£5F AoAPase & pH. ¥ pH
7.0-9.0 Y 2% MR B Y AoAPase B T i il %
T, [18B% 1 hill%E AoAPase FE A, W97 H
pH .
1.43 Z£RBEFX AoAPase EFERIE M

Iia] S A4 2 H 43S 0.1 1 1.0 mmol/L AR

<l actamicro@im.ac.cn, & 010-64807516

[ #4485 (Fe*™, Ca®, Zn®", Co*", Mg,
Mn**, Cu”fl Ni*"), BT 50 °C &M FE
AoAPase W , PATJC 4 & B F BB 8 100%.

144 RUFRMUERDNFSH
LA Ala-pNA ., Pro-pNA | Trp-pNA . Val-pNA |

Phe-pNA | Leu-pNA . Met-pNA Fl Ile-pNA H IS
Yy, ME AoAPase %, UL Leu-pNA MKW
I AE B A 100%, 3198 AoAPase fit 4k HiA
IS ARG S o FESRS RV AT, 1 R
1 Z I AR R BE ) Leu-pNA (2200 mmol/L)
M %E AoAPase MR, FH Origin 9.0 #fFAbHL
B, SRR LT AoAPase Xif
Leu-pNA 9 Ko keat X kear/ Kin 1H
1.5 AoAPase XT#E & BKAY B B IFN

H—E T St OBy R T R ok,
{75 S ML R Sy 2% (WIV), HE B S TRY)
FL(E/S) 700 U/g i) 52 i A4 2 H 43 Sl A R i 2
JEREEFT AoAPase, 7E 50 °C. 180 r/min IZ1FF
RN 5 h, JOWEEHRIE, KR AR R E T K
AW 10 min ZEN . BV T 8 000 r/min
B0 10 min BCEIEW, #ET RS0 EA SL
1.5.1  FHIREMN

KA Xie VI BOEREEB L, K Bid
Vi W W R 6 2% vh (0.1 mmol/L, pH 7.0 Fi B¢
BUSEN 0.01-0.10 mg/mL, B 0.5 pL 8 mmol/L
ANS (1-7K 2 FE-8-Z5 SL it R 6 )i 12 46 2% i
AF] 100 pL W, IS CBARCAEW R I
K 390 nm, AFHEK N 470 nm, HEEEE N
135 AT, DE ANS 5k A Y m5E e
FE, LIS BE X Ik BEVE T, R A K i
AKPEREE . H I E R A Qin Sy
2, PR GEAL R AR G0 SA 402B KR i 5 1
1.5.2 HFERERRNE

PEHL AoAPase AL FIAKYE W 0.4 Fl 8 h J5 1Y
SR K 10 min, BO0H R . %88 Qin
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SR, SR HPLC (ZHEE 1100)50#r
G I G v g U 8 2 R 1
1.53 EMEHEFH

WA VR TR R AR IR A
% (Quanta 200, FEER Q)WL HAMOWFFIE .
1.54 SFESNH

Z M Qin HFWIH ek, A Waters 2695
Vo RROBURE €53 1R IiE TSK. gel 2000S Wy (8,3 5
(7.8 mm=30 mm, Tosoh)ill & |- i& W 17 F &
Baiins
1.6 IMEMNFMENE

K F Wang ZE170 7 g 5 B 5L % DPPH L -OH
il ABTS- H H FE I BR 2

2 BREM

2.1 EfKEE AoAPase W ELHKIL

il 1 R, S ER SRR KMT71 &R P
e 1 B ER A, HFiS AoAPase
RIS/ i (41.0 kDa)¥kir, Ui AoAPase
TESEIRIERE KMT1 Hh T 3R . AoAPase [iff

kDa M 1

97.2 —
66.4 —
44.3 — 41 kDa

29.0 —

20.1 —

14.3 —

1 AoAPase ] SDS-PAGE 43 #fr

Figure 1 SDS-PAGE analysis of AoAPase. M: protein
molecular weight marker; Lane 1: fermentation
supernatant of recombinant P. pastoris KM71.

1A% 545 U/mL, HEAHE R 0.763 mg/mL.
4] AoAPase 43 F s = T4 T Aspergillus
oryzae RIB40 7= 4 i Z Ik i (33.0 kDa)!"™®!, X 1]
e N-up L AR BT Al B
Va2 IE I, oS R, IR EESY
it T S8 R e B R TR A T I B2 52 3
2.2 AoAPase B4R
2.2.1 EEEF pH Xt AoAPase B &I S0

WiE 2 iR, AoAPase 1E 70 °C B fiff i ik
Ffx (2 238 U/mL), 7 50-60 °C HI7E HN
AoAPase X HHE PR EF 70%04 b, MiEE
T 80 °C W}, HIE A R (E 2A). 7E 50,
60, 70 °C 14, AoAPase fiff i 3= 5 5
3. 0.5, 0.25h, A AoAPase 7E 50 °C &4 F
BAT RUF g e (K 2B). 1£ pH 8.0 i,
AoAPase [iff {5 ik 3| 5 = (2 238 U/mL), K]
AoAPase it & 59 (F 2C). AoAPase 7E
pH 7.0 BHREVEAST, FWh 3 h, 7E pH
8.0-9.0 B I A 50 min (] 2D).
222 SRBREFX AoAPase BIERIS N

0% 1 B/, %5 0.1 mmol/L Ca®*fifi AoAPase
PTG T 16.44%, HAh — A 4 )8 & 7 X il
WA MEER, Hh NPTRE 9 5 200
AoAPase HJJiTE .

2.2.3 AoAPase RYIFFRMMENNESH
WiE 3 R, AoAPase XTiE#Y) Leu-pNA %

B A TS, ARG KRN Met-pNA - I
e-pNA, HAHXTEIE 73514 19.67%F1 10.78%,
AoAPase X[ HAY 5 R AL IE HERAK, 13
INF 10%, FHH AoAPase @ T2 & 2 2 Ik i,
HA BRI, 18 70 °C Fil pH 8.0
i@ 2R, AoAPase fifk Leu-pNA ) K, {8
7 5.95 mmol/L, Va A 43.58 pmol/(mL-min),
ke N 43.207 s7' Fl keo/ Ko M9 7.262 L/(mmol-s).
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Figure 2 Effects of temperature and pH on the activity (A and C) and stability (B and D) of AoAPase. The
maximal activity was taken as 100%. Each test was repeated three times in parallel, and the results were
expressed as “mean standard deviation”.

*x1 £REZETX AoAPase BEERIE N
Table 1 Effects of metal ions on AoAPase activity
Relative activity (£SD%)
Chemicals 0.1 mmol/L 1.0 mmol/L
None 100.00+2.27 0.00
Ca*" 116.44+3.57 84.36+5.15
cu? 26.98+1.43 8.62+0.42
Co*" 36.1242.62 10.58+1.45
Zn** 39.06+2.71 60.47+0.50
Mn?* 41.72+2.86 18.00+1.15
Ni** 2.38+0.37 3.34+0.51
Mg** 90.37+1.42 30.99+0.38

<l actamicro@im.ac.cn, & 010-64807516
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2.3.1  EHRIFEN

mE 4A s, 2K BE A% R G ES £ iR 1Y
ik, Hih, AoAPase v R aed, BAEAL
F 1 it KT (P R 5 B R AR 4.41%-56.55%),
HOBRIR FEREARE 0, JOpR. tbAh, ik
Tt A Y50 7K B8 0 R 5 A Ak A —
., X ATREZERREL N I K Pk 2 B R 5k ek V)
F, PRI T BB AOE AR
232 HERERSE

W& 4B fir7s , AoAPase AbFRIE 4 Ik 4 h )5,
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100 =
80+
60t

40

Relative activity/%

3 AoAPase R¥FF R

Figure 3 Substrate specificity of AoAPase. Each
test was repeated three times in parallel, and the
results were expressed as “mean standard deviation”.

(A) 10 HBitter intensity score 110
9} ™ Hydrophobicity {9
L 8r 18
g7 {7
2 6 16
£ 4 14
g3 13
m 2 {2
1 11
0 0
Control QS XS HB AoAPase
© (D)
100
S >5 000 D:
% 80r 31000-5 000 Da
IS (| 2000-3 000 Da
2 60t [ | 1000-2 000 Da
3 500~1 000 Da
b 180-500 Da
‘3 40 F <180 Da
2
2 L
S 20
Control AoAPase

4 AoAPase X #E & FRR IR E1ER

Hydrophobicity (x10%)

G AP B A LR Gly. Ala, Val fil Met 5 i
Wiz, AbEL 8 h JE, BKYEREEEIEMR Leu,
Gly. Val, Phe. Ile fll Met & & & T ARAFERY
% £81 Ik . Ao APase A0 HR i 28 A LR 5 5 )
MM, R T AR, rTaeRh T
o TR R B U S A S R NN IKE B AN T T IE AR
JUREE OV B A R T R A
233 HFESH

WKl 4C FoR , 85 ik i) 2 Bk 2201 R
<180 Da (6.17%), 180500 Da (54.94%), 500—1 000 Da
(26.78%), K 10002 000 Da (9.81%), HH,
du KB KB SE R E 180—1 000 Da, [5Ibh
81.72%. #id AoAPase 4b#J5, 500-1 000 Da
A IKBE o5 FL B A FRAT RN 1.14%, T ¥ il

B) 25

[JOh
[J4h

c’\\on- | M3h

515t

o)

S

g 101

=

g 5_ "L ”I

1 ) e [ 5

His Arg Lys Glu Asp Ser Tyr Cys-s Thr Leu Gly Ala Val Phe Ile Pro Met

Hydrophilic amino acid Hydrophobic amino acid

B

Figure 4 Debittering effect of AoAPase on cod peptides. A: effect of different aminopeptidase on relieving
bitterness of cod peptides. Control: cod peptides without aminopeptidase treatment. Each test was repeated
three times in parallel, and the results were expressed as “mean standard deviation”; B: changes of contents
of free amino acids in cod peptides with different hydrolysis times; C: the molecular weight distribution of
cod peptides before and after gastrointestinal digestion; D: SEM micrographs analysis of cod peptides before
aminopeptidase treatment; E: SEM micrographs of cod peptides after aminopeptidase treatment.

http://journals.im.ac.cn/actamicrocn



4950

Yuan Shuai et al. | Acta Microbiologica Sinica, 2022, 62(12)

KB A BRIk . B AT HEDN AoAPase
e HLAG I A BRI A () VS A B
234 EMLEN
WKl 4D-4E Fron, A Ab B 4 ik 52 BRI
W ELK R ARZGE R, Z0d AoAPase 4b 35 (14 1
RKAS R JC e e Rk 454 . X T REJE AoAPase
VIBRIKEL N s i K M 20O R ik, fiff & (i
KM, S HE s KmRENRE, 5
FEAC T IR A T 25 R
24 FEKESEEG KIS NEMHNRE I
mEk 2 o, S MAKE AoAPase Ab PR 5 X
DPPH A HHILIERRE N 33.76%, ALFRATHEA
Pem . BEAAKXT-OH H i BE I BR 2 i AL FT AT 1Y
63.42%$E T+ EALBRIE HY 70.89% , 3R ) 7.47%.
AoAPase ZbFRTTJE, 5 IKXT ABTS- H 37
BRI SR, 29 92%. [HIIL, AoAPase
Ab 3R £ KT AT 3 1 TC R S AT

3 winEE#

JIR B N B 25 A i 7K P 2 PR ke A o
AR F R, XIS IR E S IR R fk i 2
AU R EIR . 2 RRBERES R S EVIBR KB N
b K PEBR A , A B TR k. AR
A AR R RARR RN FRIK T Aspergillus
oryzae RIB40 KIFZ kS AoAPase, %MK H
M28 fIKEFZE, AoAPase 5K H [F] 51 1) W fi
FEP AR IR KNG Lap 5 PE A7 5 B9 45 H A
[F), AR RN B DR ST A AL SR SR LT

x2 EHEREEIERPMENFEENTL
Table 2 Changes in antioxidant activity of cod
peptides before and after debittering

Free radical scavenging rate (+SD%)

Number

DPPH ‘OH ABTS-
Control ~ 31.52+0.60 63.42+0.97 92.61+£0.05
Sample  33.76+1.05 70.89+2.15 92.69+0.13

Sample: cod peptides treated with AoAPase.

<l actamicro@im.ac.cn, & 010-64807516

&, 719 AoAPase Bi KFFFIESS G4 B 6 4>
FRHFE(M262 ., D338, Y312, C314, 1342 Fl1 F331)
WAFAE T[] — R i) HoAth g v, 045 5 i it 2%
AS-Lapl MIEfREFRIIE AAP, RHIXEHA
Rl BAT DR SF RO TE PR, S50, X fHi75 M28 ik
it R T A e R <1 1 S R ML

ARG R ICTT E AoAPase il it S 78
BB T BESE . AoAPase il it JEh
70 °C, {H7E 50 °C N HA REFIPRREN . &
IR R R WAL SRR U 1 RE A% 52 i T )
PET, Flanck AR IN-412 A2 M2 LK
fitf pap 2 MEFREAL S FE B H A v A PAER e 1 s
AoAPase HA 12 pH & Wi, Hifid pH A
8.0, i ] T 59 W RS, 1X 55 22 Bma 1 2 Ik g
pH FitE—5(12 51 Zn* %F AoAPase i A 317
YEF, JERIRTTRER 2 4 Zn® X KR FH A0S
WZE A BE ISR, Hoh—A> Zn™ 25 A BE i
NG A AR B T8 5 —4 Zn” 4Gk
TS, MINA Ca™'if, Ca* mlRESBULATR
SE I Zn® (o 2 SR 14 TS 2 1

AoAPase e L HEEE 1 ik i oK Pk 24 S
FRILI L, 79 AoAPase il i KB AKEE N i
B 7K 24 5 TR R ik /D B £ IR A, L i S
R Leu e mMlE, f74 AocaPase K5t
AR A KB FRIE . AoAPase AbFH J 3 4 ik &
PR A, B AoAPase REMS A U/ A F Ik
GhL, R EUKPEE SRR, fEACEKPERR &
BEMRR 5 7K 43— 2Z TR] B 42 i, DA T e 6 £ IR B
o

Ak, 5K DPPH B H 315 BR
BART-OH AL ABTS- [ 3L BRAE ST,
XA fgse T K E A 2 ABTS- LUIRATEA
H & DPPH W45 5 fE /KW 5 2 IR,
D 22 S B A 5420, AoAPase 4bFR)E, %
X -OH B HAETERREE 1A Frde o fadiil

1
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M-OH A HAEREMREENEZ — R
KMEEIERR A& &, E25 2 Gly. Pro £ Ala®*",
fies fr1 ik LA A ABTS- H i JEVE BREE J1, WTRE
JETE KA P A — B AR R, B0 Tyr
1 Phe R LA B4 B A4 H S BR AL R 7, )
3 2o I PR A5 M PR R E P, AT DI o R
F SRR, Trp A1 His 4351554 I RERR Rk
ML, AT DR SR, X e BRI BR A
A BRI P 25 BT, ZUIKEE AoAPase
AT A 20 R VB R P v A, I LB 5 A 6 £
KR AR R e P AR R B 2 & s, X
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