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1  E: (8] R F A E (Bacillus licheniformis) E7 2JKkBEA E pepN #1453 K AT
(Escherichia coli) BL21 ¥, S£ILRAKEE EcPepN #)F R &R A, AR ELHEEG B R AL L Btk
EABHEER, RKMRXEEOREEEE, AN TERRKFERERAR. [Fi&] Ak
RFFAFE E7 A H 20 DNA AAER, ¥ 2IKBEILE pepN 15 2| H AR pET28a P, ME TH KA
B AR pET28-pepN, #4102 K MATH BL21 B S@fe, 2 DNA MG IIE, RIFEAH E. coli
BL21/pET28-pepN. F| A4k B F FAn EATAEXT TR BRI AT B 4tk, AR LhBe) pH Fo iR B AL T
M R A NaCl 49 a2 M5 B3 M. LB L RKBE S s & & BEth RIAE R AT iR, £40
B EcPepN 5 M Z G BWMEKMXELZFOREEEE, MNEKMBEZHF 0T EREKRRHS A
AR aga . [4 K] EcPepN £ K MAFH BL21 ¥ 7T &L, SDS-PAGE 447 & 9 4tk o) 40
Bafe 52 kDa A AR 7R —4i. &£ THMNZEM T, EcPepN #9REEM A Ala-pNA. FERIE
£ (pH 9.0 A2 50 °C) T, & &5 boBEE 4 365.04 U/mg, Ky A4 1.2 mmol/L, ke 7 598.3 s kea/ K
# 499.0 L/(mmol-s). % T 408s EcPepN /£ pH 6.0-9.0 1% F 2 d &, AAxtBe% /) %&#F 85% VA L,

FE45°C TH¥ M A 36h. B/ 3.0 mol/LNaCl F 22d 5, KEBE /A 55%vA £, T8 EcPepN
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Heterologous expression of Bacillus licheniformis E7
aminopeptidase and its application for efficient proteolysis

CHEN Yahui, LIU Zhiyong, ZHANG Rongzhen", XU Yan

Key Laboratory of Industrial Biology, Ministry of Education, School of Biotechnology, Jiangnan University,
Wuxi 214122, Jiangsu, China

Abstract: [Objective] Aminopeptidase gene pepN from Bacillus licheniformis E7 was cloned into
Escherichia coli BL21 for heterologous expression of recombinant aminopeptidase EcPepN. The
enzymatic properties of the recombinant EcPepN were studied. The combination of EcPepN with
alkaline protease efficiently improved the hydrolysis of soybean protein and casein and released
multitudinous peptides and amino acids. [Methods] With the genomic DNA of E7 as template, the
aminopeptidase gene pepN was cloned into the expression vector pET28a to construct recombinant
expression plasmid pET28-pepN, which was transformed into the competent cells of E. coli BL21.
Through DNA sequencing verification, the recombinant £. coli BL21/pET28-pepN was obtained. The
recombinant enzyme was purified by nickel-affinity chromatography. The pH and temperature stability,
half-life, and NaCl tolerance of the pure enzyme were tested. With the commercial aminopeptidase
combined with alkaline protease as a control, the combination of EcPepN and alkaline protease was
used to hydrolyze soybean protein and casein, and the constituents of active small peptides and free
amino acids in the hydrolysate were determined. [Results] The recombinant EcPepN was expressed in
E. coli BL21. SDS-PAGE analysis showed that the purified target protein presented a single band at
about 52 kDa. Among the seven substrates tested, the preferred substrate of EcPepN was Ala-pNA.
Under optimal conditions (pH 9.0 and 50 °C), its highest specific activity was 365.04 U/mg, and its Ky,
ke and k. /Ky values towards Ala-pNA were 1.2 mmol/L, 598.3 s’l, and 499.0 L/(mmol-s),
respectively. After incubation at pH 6.0—9.0 for 2 days, the relative activity remained more than 85%,
and its half-life was 36 h at 45 °C. After 22 days of incubation in 3.0 mol/L NaCl, the residual activity
was more than 55%. When the recombinant aminopeptidase EcPepN worked synergistically with
alkaline protease to hydrolyze soybean protein and casein, its hydrolysis efficiency was similar to that
of the combination of commercial aminopeptidase and alkaline protease. More than 70% of the

constituents of hydrolysate were peptides with molecular weight of less than 500 Da and it also
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contained more than 2 000 mg/L of free amino acids. [Conclusion] The recombinant strain containing

aminopeptidase EcPepN was developed. The recombinant EcPepN shows pH and temperature stability

and strong tolerance to NaCl of high concentration. It can efficiently catalyze the hydrolysis of soybean

protein and casein and release small molecular active peptides and abundant free amino acids. This

study provides important methods for enhancing deep protein hydrolysis and improving the values of

protein-rich bioresources.

Keywords: Bacillus licheniformis; aminopeptidase; Escherichia coli; enzymatic properties; protein

hydrolysis

Z IKEF(aminopeptidases, APs, EC 3.4.11)
e RKANIE NN, BRIk
FEFAE 10 N AR w2 AR MR AL, BT i e
SR, HEA R AR TR SR R 4 R
EET=EE N TN NI S e O SE
b2 )R ST 1 I 0 N =/ N T
A AR IR TN BE M A s e 2 ik, ANk 2 1
WERR A | B RRSEN, i8 B AT 254 DNA 1 IRE,
VE Ry e s A it A 7~ R BL DR Sk 4% b 47 i &
B A0,

KB 1z . PR B, REAFAETH
Y. sh. Arh, BT HOE Y Ik 32
KT REY), WkihE (spergillus oryzae)” ™
Streptomyces septatus® . A ¥ ZE {5 (Bacillus
subtilis)!"", HHTT Y F & MKEE RO HE R 25k A
RS RS ILE EPRA A, Hirs AL E 5t
SO T AH 57 1 A 7 AR FAT O B g o B
TR KT BB R S R, R A IR
il 7 R il PRBE T 25 S R T o AR LT v T P R
oA TE P 2 KT AR XS B =, BHAS T Tl ik
B B, 248 m e is . AR E e H A
A T A R FH A 6 Y 22 B Tt AT S A 5
B

PR AR S N DTSR I, REAS KRR
FUB IR, #) i BT A ROK AR R, HE
XREEF . /INEE A FEHYE FUKECR A
AR, (ARG . TSR RS

) P 2 UK Tt %o A AR 1 I K R 7 ) 0k — 2 il
U1, AURERE AR KM, T HAE 1 K i
rhINIR T 125 S LR PRI, CE Y KU,
P BT E 5 R = IR B IR Uk 2
il K ROK B 1, KSR v i 8 TR T i
Bk A 1 A K R Y 3 A, KA A
/N T 180 Da Y /)N ik Be a2 11 e B K A g
BT 25% ",

HHT, 58 3R A T 2 JUR G v K 114 i
e, SRS WAERRAES . Huang 5M7E
ER R Rk 0k TR IR T E I A GIM3.30
)55 PR 2 KB Lap 1o Lin 250 By 5 v S5 YR
RIRKIET Thermomyces lanuginosus ) 1= 16
it S 14 52 SRR MK o Liu %178 K i
SRR TR IN-412 (il 22 R 22 ik
it , 1) B AT 5 A8 A A o5 58 A8 46 T Boxe)
Ho A ek, A Bl e B R O 8 v AR T
G, 153 T AL R R AL A 2 K .
I 2 TR 2 PO T 7 TRk B 5 A 1k g AR
R TR, BENS L S IR AN
DI F g U RV

A S 2 A 07 3 AR AT — ik 7 K T
PR A ZEFRAT B E7, R Y R 25 B 5 AR
HAEL R A g e 2K pepN'Y. K
FEEAE D BE N AR, HAT B S IE M %
o REaR L B R | P RIAK R HAR
SE S A, R AMIR AR 1 R AR i AR i T
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AW 5 38 3 7 K W A T P S TR 2R s g K g
PepN, #fF5% Hig2AM: R, DA KRG EHFMEKE
155 & 5 2 AR Y o R, A1) B2 A
JORC I 55 A £ 1 I O W) P AT K A BRAT TR
PE/IN G 1 RN 2 5 A T 18 2 R TR

WEERE

1.1 #REFRI
L1.1 KA BRAL

B AR A ZE AUAT B E7 AN S 56 % 0 ik 5
TR s WMk KB A IM109 . K B FF I8
BL21(DE3)FIJF ki pET-28a H1 A< 525 % {5 5% .
1.1.2 FZEa95

Primestar . PR il 14 4% &2 P9 VI i (BamH T
Xho 1 ). DNA Marker, Premixed Protein Marker
(Low)lg TR A TREOIE)H IR Al BB
VR AL & . PCR =W alifbidn & . FokL
PRI G W T B v e R AR MR I A PR
ol RIRER R . SRR APTG) .
TS 25 A ) A R T AR T AR TR (R
Vo) R AT BN w5 X6 i 3 R e 7 AR W T
Bachem 23 w5 B 2 1 AN T it Ak 20 R T I T
LS RE Iy A BR A W) 5 A 34 ok [ 43
Mratiii
1.1.3 EFREMFTERRK

LB 859538 IR 1.0% (W), BERERI
Y1 0.5% (W/V), NaCl 1.0% (W/V).

ZE M A: 20 mmol/L Tris-HCI, 150 mmol/L
NaCl, pH 8.0,

2% % B: 20 mmol/L Tris-HCI, 150 mmol/L
NaCl, 1 mol/L BXmE, pH 8.0,
1.2 ERSRERIEAHEHEE

DI ZEAIFT I B7 £ K41 DNA AR,
BHA 519 P1 (5'-CAAATGGGTCGCGGATC

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

CATGGGCCTCTTCAAGAAAAGTA-3") Hl P2

(5'-GTGGTGGTGCTCGAGTTACAGGTTCCCA
CTAAACCGCTC-3"), 5| ABFYIL 5 BamH 1 Fl

Xho 1, PCR ¥¥4 HAYFEH pepN., PCR i 5%
. 98°C30s; 98°C30s, 55°C30s, 72°C
90's, 30 PMEH; 72 °C 10 min, 4 °C {fi. F
FA B R B R 410 £0F H LR pepN 5
2Bl U1 AL BRI AL R pET-28a 47 i%
2, MH#RBHAL pET28-pepN, H b ik iz
Y0 KA F B IM109.4 DNA I 7 5 30F )5
4 5 21 5k pET28-pepN &% Ak 1 8% 32 25 41 g K
% ¥F 7 BL21(DE3), t#EHFRKIKFE E. coli
BL21/pET28-pepN.

1.3 EHESKREFSRIEMDA L

PEHCR e T8 50 pg/mL RAREEZAY 5 mL
LB AR F5 30, 37 °C. 200 r/min &35 55 55
7-8 ho FZHR 1%FEM R FEHERE 50 pg/mL -RIB
B2 M 200 mL LB AR KE =L Py KBE 5%, Y
ODgoo i5%] 0.6-0.8, ALK 0.2 mmol/L
) IPTG, > 20 °C.200 r/min #£3% 3535 12—14 h.,
BDIWEEIR, M2l A aniRE R, ek
AR, ol A 75 Wl A A ST 200 01 Al e Ak
B, RERESAE R 350 W IR, TAE2s, [AIFE
3 s, WERERT ] 10-15 min B4 40 JEBE A T 4 °C.
10 000xg 24 F 8.0 30 min 3545 FiEw, BN
FHBGE EcPepN, HEFR L 0.22 pm /K RN L
U, IR T E A1,

G il A B8R B 1 3R 2 BT AL Pl 5 4
FERRR ., MR ERESS, 2% 0P B BENG
FE, BEEH 10%% ik B PE IS H 1
BT PR FERE 08 A X WA 1) il AR A 7 6 Ak
PR, OBR SR PR ke B R S A 4l R
EcPepN HE1T SDS-PAGE $61iF . 2 (H 4lifb B 7E
4°C Filbf7.
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1.4 ERFBAEGES % BRAVN E
1.4.1 BEgENZE

MG INE 2% Lei 50, e HILRE
AP, RNAZRA: 50 mmol/L Tris-HCI
(pH 8.0)Z% ik, 2 mmol/L JiEY) Ala-pNA Flid
SEBIR , 37 °C HEAT SN o I FH Bt A3 220
SE 405 nm AL B GAE, LA E BO0E 5 2R 4
PRI RGOl 37 °C MR
WAL AE B 1 pomol X il 56 2 B o 75 1) il 11
— B FRLAL(U)
142 EHEFREE EcPepN IERIER N pH F
pH R E M

e N6 pH 2544 T 320 2 B I i 77
YR 20 Z K EcPepN A9 ¢ i LW pHo AS[H]
pH ZE 0Py . 0.2 mol/L HYBERR — S Ah-H R &
T HNZE M (pH 6.0), 50 mmol/L f¥ Tris-HCI ¢
M (pH 7.0 F1 8.0), 50 mmol/L [ H 4 i -NaOH
ZZ M (pH 9.0 F1 10.0).

FRTR pH 22 npigi s RSl , b Hoik T
4 °C #iE 2 d, N FHAL M EcPepN FR AR 7,
W% 2K EcPepN 1) pH 2 e P o
1.43 ERFREE EcPepN H&HIER NIEERM
mERREM

# 50 mmol/L Tris-HCI ZZ i (pH 9.0)Fl
2 mmol/L K Ala-pNA T 30-55 °C ([alf@
5 °C)fRIE 3 min, MIAGE AW, e AR
JE 4 R B NKEE EcPepN (IS 11, BF5E
K EcPepN A4 fil S0 T -

W5 S5 B 20 8 T 30-55 °C ([a)B@ 5 °C)
L h, SRIGIMA AR RN Y, W 54§ EcPepN
MR ARG 7, WER R R E T
1.4.4 E/AFBKEE EcPepN HIERHINE

Y E AL EcPepN & T 50 °C fl 45 °C 42 )&
W, )b — B [ e LG, 2 5% S
JIREARE] 50%LAT, BEE %2 50% 0 B[] Ry
SEa i

1.4.5 NaCl X E 0 RAEG EcPepN EE/E A0

FE WA 2 A it 1 [EA NaCl, ffi {4
Z ) NaCl 2k E ik %) 0-3 mol/L. iz A[F]
NaCl ¥ &~ FH A 2 KEF EcPepN MIREHE , 5%
NaCl it 5 21 6 77 19 5200 4 BHACE T 3 mol/L
NaCl &, 8] e — Bt B) I 22 58 A B 7,
il 5% B 4 I EcPepN HY NaCl fa & 1% .

1.4.6 ELEFAKES EcPepN RIEMIE M

LA aminoacyl-p-nitroanilines (Ala-pNA .
Arg-pNA | Lys-pNA | Leu-pNA | Val-pNA |
Met-pNA \Pro-pNA) N JiE ) , Ml 7€ 20 i EcPepN
BB F1. LA Ala-pNA A JiE 9 B0 5 605 R
100%, 353 Tt Ak A TS 400 140 R X it 3
1.4.7 ERERKES EcPepN BIFI HFNE

TEIRE 2T H12H 24 Ik EcPepN
3N 15 280 o SR FR (B Tl 51 ) TE 43 T8 i
WEHE S min, W€ A AR (0.2-5.5 mmol/L)
Ala-pNA ) 4 S0 3 #  F ] Origin 9.0 4
b FREHE SR R AR LMLy vk B
EcPepN X} Ala-pNA (1) Ky Fl ket 8
1.5 =EiAEAKER EcPepN L E R KAE

DA it T 22 R (e A R 2 il ) Jhy %o 2
FIH F 4 Z K EcPepN , 204 8 A4 &0tk 5
1 X K 2 43 2 1 R RS A T R A T KA S o
B — & it 8 (I RE A T 50 mmol/L Tris-HCI (pH
8.0)H, HIFRNARRLIRIEN 1% (WIV), 1
WEABHED S min, HIRE I E WM. FRE
WERRG, ERBERPIMA 0.5 g/L FPEE
i (i 75 1M 400 000 U/g, Bl E/S=20 000 U/g)
0.5 g/L I EH KA EcPepN SR i {2 ik
Bt o SO AE AT, K SO AR ZR A W K rh 2
5 min DA LSO o BV T 10 000xg 250
5min, 575 B, FH0.22 um /K RERALHE S,
it 3 A7 v OB 8335 (HPLC) 43 B 7K fiff L
22 R Ati AR K PR 2 B IR 1 5 1
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2 BERXR504

21 BHIRMREEHKNBESRIE

DL A 2R AT I E7 JE N 41 DNA AR,
PCR ¥ ¥ KB R pepN, 4 1%Bi iR HHEE I
HLYKBEAIE, 1 500 bp Ze 47 A T8 Wi 19 B — 257
5B MR B8 TK/N1 446 bp) A —3 . #
& pET28a & [RiiVEANYIE BamH 1 F1 Xho 1
WG PIA S, R R E A S H R R
pepN %, M4 R pET28-pepN. M ¥
NI o i Ny TR | D B i N 7L
W BL21, @A R RIBER E. coli
BL21/pET28-pepN,

B EARZT 0.2 mmol/L IPTG i 515
IR, GBS GRS O AR AT A M R Y
W, RICRREGR . FHER B SR FUZ AT AR X R Bl v
HEAT Ay B 44k, 100 mmol/L BE M H 7 5 11 1k
it VERGEE I i ab P, SDS-PAGE HL k%%
R(E DR BnE A EA L4, 1
52 kDa A7, 5 E A KEGHIS i
(52.45 kDa)f#HW) & -
2.2 pHILEE X EHES EcPepN BEE Y
A

W52 T AN [A] pH FIE S X 8 4 i EcPepN [iff

— x/ibﬁ‘_zr

:gn 90 180 .
2 sof 2
S _— 60 =
Z 70t 2
8 40 2
§ 60 - —+—Optimal pH 3
N 5ol ——pH stability 120 &
m

40 0

6.0 7.0 8.0 9.0 10.0
pH

5 2 pH (A)FEE (B)X E4AEE EcPepN Eg;F IR E M

kDa M 1 2 3
07.0 —

66.4 —

44,3 —

29.0 — _——

20.1 —
143 —

B 1 Z40E§ EcPepN MFRIX4 L

Figure 1 SDS-PAGE analysis of expression and
purification of EcPepN in E. coli BL21/pET28-
pepN. M: protein marker; lane 1: the cell-free
extracts; lane 2: the sedements; lane 3: the purified
EcPepN.

W . EcPepN 7 pH 9.0 BTG ik 5
e, HAE pH 6.0-9.0 3t Fil N TS 7w faE
WEE 2 dJ5 AT S AT R AR 85% LA F (8] 2A).
FHARF EcPepN R I AT pH FaE M, BB
FEALTE R pH YU Bl N EHE DI RE

Wil 45 52 07 30 B2 1R B2 1, EcPepN [l i ) 328 i
o, 7E 50 °C BFisEI R E, HIRE R T 50 °C
it 15 71 R FEAIC(E 2B). #% EcPepN ‘T AN[H]
T TR 1 h, 0 A AR R e

B 400 1120
? 30} 1
=} s %
2z 24071 =
2 {60 £
— [+
2 160] 140 2
g, g0l = —=— QOptimal temperature {20 =
g ——Thermal stability ~ \ o

< {0
0 L L L 1 1 L
30 35 40 45 50 55
7/°C
sbA0)

Figure 2 Effects of pH (A) and temperature (B) on activity and stability of EcPepN.
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P, YR EARE T 45 °C I, EcPepN %% B4 B %
JILFAZE, SR & T 45 °C B EHG 1114
Wiz . EcPepN 7E 50 °C & TFIIA 1 h, 5%
FA TS DR EF 58%
2.3 ELAEE EcPepN HIEFHA

GRKEE 2 N T UK AR, R E
TR R T R A ot 50 B R K i HL A T
B, A o B E T EcPepN 2354
EcPepN 7E 50 °C 2F FHIEEWI A 1 h, 7E6 h
J& WS LT 58 Ak (B 3A). AE 45 °C T
36 h, EcPepN Miifi /1 FF&2) 50% (1€ 3B). {H
BTN, PALFE 12 h J5, EcPepN Ji#iE /1
B3 EFb . X ATRE A B TR A B K

(A 120
100
80
60 -
40 +

Relative activity/%

20

0_ . -

& 3 ELAfE EcPepN I T H]

R ENE, SECLPRTE RBRAML, HBEE AL
P R) A B0, T AN R ) B R G R T
(R A I R A EW i T A R R R
RUSLBE R A IR] B3, R 2R v 2 3 A R
Z 8, TS B TS f AR, AL
EcPepN 7£ 45 °C 55T HA RIFpy G 1,
R EEEE 45 °C SRk T K0 B 8 MR &
1) 7K i S5 o
2.4 NaCl Xl E4HH EcPepN HE§5E ISR
it 6 2 K )92 R P T S R R T A
PP, . SO AE . IR5Y NaCl X &
2T EcPepN 6 7 1 52 HA B E 1 9Y =
o NI AA w1, ARHSE Y NaCl %5 20 il

B) 140
120 F
100 F
80 |
60
40 +
20¢

0

Relative activity/%

0 12 24 36 48 60 72
t/h

Figure 3 Half-lives of EcPepN at 50 °C (A) and 45 °C (B).

(A) 120
100} =—35
=
z 80f
=
S 60t
E
B 40
()
& a0t
0 L I L i i L i
00 05 10 15 20 25 3.0

¢(NaCl)/(mol/L)

El 4 NaCl Xf=4HfE§ EcPepN H§3E 1AV

B) 1107

100
90 r

|
SR

60 |
50
40}

0 5 10 15 20 25 30
t/d

Relative activity/%

Figure 4 Effect of NaCl on activity (A) and stability (B) of EcPepN.
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A — e EVE A .24 NaCl B4 1.0 mol/L
f, EcPepN MG Jyik 8 e, AHXTEETE J1 K
108.5%. Fifi#g NaCl ¥ B2 i35 0 , 7% ) 3% 7 o
K. 24 NaCl ¥ £ & 3.0 mol/L i, EcPepN AYAH
XTI 1ok 59.8%. #F EcPepN ‘B T 3.0 mol/L
NaCl &4 F 22 d, HER A BHE T RE IR 55%
DL (E 4B), RIFHELAM EcPepN HA RIFHY
EIN -
2.5 EHEF EcPepN HIRMIFR MBS
M E

DA Ala-pNA ,Arg-pNA .Lys-pNA .Leu-pNA |
Val-pNA . Met-pNA . Pro-pNA mJIKY), ME &
20§ EcPepN MIKYIFERYE. EcPepN XJJEY)
Ala-pNA F I & & B 0E 1, R K
Lys-pNA F1 Arg-pNA, FCAH X B G 140 5k
26.6%H1 17.2% (& 5). EcPepN X I#) Met-pNA
il Leu-pNA MfEALIE VAR, ¥WAE T 4%.
ALY Pro-pNA 1 Val-pNA JL-F K A 2]
BeEIG . L, ZE A% MK EcPepN #IAE
TN R 2 IR o FE il RO A& pH 9.0
50°C T, E4 EcPepN 1k Ala-pNA JEHI)
KufH M 1.2 mmol/L, ke N 59835, ke/Ku N
499.0 L/(mmol-s),

120 ¢

100

-~

80 1

60

40 -

Relative activity/%

201

O ) " 1

¥ Ay A A A AV aY

FREFEFsFE
SS9

&l 5 =E4HEE EcPepN HIEYIE S M

Figure 5 Substrate specificity of EcPepN.
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2.6 EHEG EcPepN 1EE R Bk

B R RNV E I, EREN R
1B PSR i L K . fh AR A A 8 1 T
KRR SR EAR . TR, G- Awvek, B
138 R SR P M 1 I N 2 K I A AT 3 [ K
fiEe 20 EKEEAE AN A, BENS AR
AR EI RN, R el N
At A HE R HR B AR, 0 AR — 25 DD Rk
SR /IN N R i i A LR P R SR AR
TR H R A T KRR P RAK, HAE N R
sty A B K M e R ER Y, KRR TR AR Y
i K VE S BE PR AR T OK AR, P AR R JE
0 R A UK R R . ERE R E A R A
A VRIS, O[] it 2 1 g AT K A
I LA i fL ZUIK S 1 R B4, X Hear i, R
S K EcPepN (1)K fif fiE

LRG0 B8 FE IR, Bk 28
MOKfE 6 h IRWIFE AT 47.3%, i H L1
EcPepN I [7] B8 1 £ 11 il 7K £ JiC 90 0 4% 1
11.9%, T b Ak 22 K T B 1) 1 2 11 T K i oy
12.8% (&l 6A). B 25 11 it P i K A 1) K 5L 4
SRR YFE R R FEAM EcPepN SR
i T0 S IR AU B K A S DT A 1 1 4 A o XS Bk
B AR P, R 98 R i 2 By
T FEAEPTLE 1 000-2 000 Da (~10%) .
500—1 000 Da (~25%). 150—500 Da (~43%)LA %
<150 Da (~12%) (K 6B), HH, 4 a £k
LEHTE 150-1 000 Da JEHE N, HEH 68%. 4
B 2 R [ ARG EcPepN ol i AL K
it I [R] AK fig Bsf KSR UK AW 1 2 B3
T EEAEPTE 1 0002 000 Da (~7%).
500—1 000 Da (~13%). 150—500 Da (~30%)LA &%
<150 Da (~42%). 1, /NF 500 Da £ k43
T 7 R 72%.

DA 2 VRN IR, i 2 1 it B K i
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6 h MIKYF4HN 262%, & PhIa] FH 4§
EcPepN 5 R i Ak 2 BRI SUERK S 10 2 A5 24
(1 6C) YuPE A i SR I, R K A
W Z K FE 243414 1.000-2 000 Da (~13%) .

500—1 000 Da (~28%). 150—500 Da (~50%)LA B
<150 Da (~4%) (& 6D). # K42 4 43
ATFE 150—1 000 Da yufl, & 78%. MiHfT
it 7K i BF, T 2R K AR W R ) 22 IR S S A TR
1 000—2 000 Da (~8%). 500—1 000 Da (~13%).

(A)

—=— Alkaline protease
100 r —s— EcPepN+alkaline protease
—*— Commercial aminopeptidase+
80 - alkaline protease

w_k\\x“EMwH\P_H

40t

20 M

Relative activity/%

©

—=— Alkaline protease
100 - —s— EcPepN+alkaline protease
—— Commercial aminopeptidase+
{0 - alkaline protease

60

T

40

/

Relative activity/%
Distribution proportion/%

6 ERKBRNKYFRENZKITEDH

150-500 Da (~55%) LA }2 <150 Da (~23%). ILHT,
XU ) K SRR <150 Da K/NKIZINIE &5
SETRAE K R B 6 £ . /N 500 Da
1) 22 Bk 4 R A, 2978 78%.

FIH HPLC 0 7 25 1 o /K ik b i i 2 2
B a . X RGBS AT KR, B
P i B AR P A K A v TP i B A R R S R
43.81 mg/L, T FH[7) 55 218 EcPepN B b b 24
JOR Tt XS it 7K i 7 A T O A R R i 4y ol oy

(B) [JAlkaline protease

501 EcPepN+alkaline protease
Commercial aminopeptidase+_
40+ alkaline protease

(3o
(=)
T

Distribution proportion/%

75 RANELWEE 0“0,7,05 \0°0 150~ ‘500 A
100

Polypeptide molecular weight/Da

|:| Alkaline protease
60  [ZZ7 EcPepN+alkaline protease
@ Commercial ammopept:dase+
50 alkaline protease
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401

20r
I
1 B3 1 e S

AN \\ go N
%00’51 000’3 QOQ’?‘ PSS
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%
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Figure 6 Substrate residue and molecular weight distribution of peptides in protein hydrolysate. A: residual
soybean protein hydrolyzed by alkaline protease alone or its combination with EcPepN or commercial
aminopeptidase; B: the distribution of polypeptide molecular weight in soybean protein hydrolysates; C:
residual casein hydrolyzed by alkaline protease alone or its combination with EcPepN or commercial
aminopeptidase; D: the distribution of polypeptide molecular weight in casein hydrolysates.
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2277.46 Fl 2 284.66 mg/L (£ 1), H P, His.
Arg. Cys il Leu & &g AWl e, 78
200-500 mg/L yE [N ; HIK Ser. Gly. Ala, Tyr,
Ile Al Lys A9 Gt iAy B B3 0, 7E 100-200 mg/L
TWEIZ I . ARS8 VR AR AT K g, oK
YRS D 2] i e 2 R R B R K A B R
K PRI 22 R 1 1 KR R AR . Bt 2 1 g
BABROK AR, TR R KRR P A I S S R
AR BRG EARE . EWRINE 4B EcPepN
SR AL KT IS, U AR & b E
182.38 1 205.90 mg/L (£ 2). i & A LM H Tyr
Ml Leu M3 B 5, 35 %) 40-60 mg/L, £
PR SRR T R 50%.
FREREY, NS EASUE Y
T, ZUIKHEG A I AL RE % $5 = B 11 oK fi

*®1 KENBEEAKBARBSERERSENH

Table 1 The free amino acid contents of soybean
protein hydrolysates

Commercial
Amino Alkaline EcPepN/alkaline aminopeptidase/
acids protease/ protease/(mg/L) alkaline protease/

(mg/L)

(mg/L)
Asp 0.06 8.50 14.63
Glu 7.20 70.05 39.32
Ser - 144.66 123.78
His - 210.48 197.78
Gly - 146.40 49.96
Thr - 20.36 54.84
Arg - 308.89 314.29
Ala 8.21 131.36 98.87
Tyr 0.03 119.65 107.99
Cys - 263.88 303.37
Val - 90.92 128.72
Met - 39.59 40.10
Phe - 23.47 30.38
Ile - 100.00 144.68
Leu 28.31 434.13 471.76
Lys - 165.11 164.20
Total 43.81 2277.46 2 284.66

—: not detected.

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

2 BEAKBRNESEERSENH
Table 2 The free amino acid contents of casein
hydrolysates

. Commercial
) Alkaline . . .

Amino EcPepN/alkaline aminopeptidase/

. protease/ .
acids protease/(mg/L) alkaline

(mg/L)
protease/(mg/L)

Asp - - -
Glu - 0.52 -
Ser - - -
His - 17.50 22.55
Gly - 2.50 3.46
Thr - 29.39 17.23
Arg - 26.99 28.18
Ala - 2.60 2.14
Tyr - 50.16 60.00
Cys - - -
Val - - 6.18
Met - 2.54 4.17
Phe - - -
Ile - - -
Leu - 40.98 51.79
Lys - 9.20 10.20
Total — 182.38 205.90

—: not detected.

FRJE, i Hak— e it 1K A /N IR L K i
BRSERA R . A ZKEE EcPepN /K7
HOR5 R A AL KB 2, 5 At 19 2K
AR E AL (R ) HA RO R MR ILE, Hitt,
EcPepN 5 i1 3 1 Al B[R 16 1 HAT 47 (9 2R
FUKIRRE ST, 16 Z P FOK g HoAT iz 90
M E

3 Wik

AIE 5T IS B 2 R HH 7 0 3 1 — ik ™ =K
Bt A ZE AT R A, AT el Rl E
4, HAETFE, MW EEHARBIFE, K
Il EcPepN TEMIIN ] ERIA. FH

B TR MZ M glifk B AR 1. EALEGAE pH
9.0.50 °C 511 T 5 3 e K LG 365.04 U/mg.
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Table 3 Hydrolysis of different aminopeptidases with alkaline protease

Enzyme T/°C pH and time Substrate Hy.dr'olysis
efficiency™
EcPepN+alkaline protease 45 8.0;6h Soybean protein isolate 4.0 times
EcPepN+alkaline protease 45 8.0;6h Casein 2.3 times
Commercial aminopeptidase+alkaline protease 45 8.0;6 h Soybean protein isolate 3.7 times
Commercial aminopeptidase+alkaline protease 45 8.0;6h Casein 2.1 times
rLapl+Alcalase!'¥ 50 8.5;6h Soybean protein isolate 1.2 times
rLapl+Alcalase!'¥ 50 7.5;6h Casein 2.3 times
Thelap+alkaline protease!'®! 65 8.0;6h Soybean protein isolate 1.8 times
BLAP+Alcalase!'!) 50 8.0 for Alcalase, Soybean protein isolate 2.0 times

8.5 for BLAP; 12 h

*: The hydrolysis efficiency refers to the multiple of improvement of the sample compared with that of alkaline protease alone.

SRR T A 2 D I 2 PR 2 O T Aty 2 2 A AT T
SRR RS, HEaE RN 50 °C, il pH
7.5, 4ifbRgLLEEG A 247.3 U/mg®,

A EcPepN HAG B4 1 pH £ 14 At
FEFRAENE, BELE pH 6.0-9.0 Bl N 2 d 1445 85%
DL bRk B RS 7, 7E 30—45 °C B R 1 h
M J1 AR FEAAS . 45 °C B B4 H§ EcPepN
B8 36 he R, EcPepN AJLIYE 45 °C
R b LA AR VG P, B R Ay Tolk i
W PR A K EF 3.042 S IKEFAE pH 6.0-9.0
FAFTFWEE 1 h RIS S5 T 70%PY, Vi
FL IR FF A 24 R 2 K g 1Y e S N I BE
37 °C, 1E 45 °C IR ¥ 20 min J5 5k 4 HigTE HF T
80%ZE 4710, A GIM3.30 MR &R ANk
M 7E Se AR RE Rk Rk, 7E 50 °C TFilbiA 1 h
FREATEIG F1° 50%" . RIET B AN RELH
MR Z IKBETE 40 °C {#iR 3 h, FREABES KT
70%2%0, EA i EcPepN i H A7 #5058 A e £h
1E 3.0 mol/L NaCl fZ1Em}, EcPepN HJAH X} i ik
F1°4 59.8% . SR 7E 3.0 mol/L NaCl 4c4F F 443
22 d, FREEE IIRe R R 55%A . 2 ikiE
Kihds 3.042 RLARAMEE/E 3.0 mol/L
NaCl # 15 d, F& B EEE 1290 30%°Y, HY1H

EcPepN X}JICH Ala-pNA F I AR HEAL IS
PE, E—MNARZA . H AN 2R 2 K
OIS SR 4 RER 43 55 2 TR 2 Ik
i 2728 R R L R )
%, A EcPepN X Z kEE N 2K iy N 2 FR 1)
R M E RV TE 28 N R TR S AR A (an
BT N il 7 A8 B4t T Z ik s, Ik,
20 N 2R 2 IR Y 2R UK IR ROR S AR Y
562 TR 2 KA >

H 2 EcPepN 5t 25 (IR 405
KIEEESE R TR AR KERRE, FFALdkis
INGY - 22 KR B O S A SR IR R . fEREL
53 5 B 7K A RORN 1 B K R b, DABRPE 2R
P it LK A G oot R, w8 g B ) B
HZ KM EcPepN SHH W] R i A 20 IR B /K A IS
PIRCRER S 2-4 1. TEREARIE R iRk
1) 5 24 R 4 K T 5 ik 2 11 iy O IR K A, R
247 S ER KR VR KA R LR B 1 R
KR T 5% A A7 o B B 1 T R 2 A
Ik EcPepN BT i Ak 2 KB AE FH 1 7K fif i vh
Z KT FEAEFFE<S00 Da JBHEN, ik
ik 72%, IF H IR i g 2 R O R
PR 2R Bk K i BT RS TR B 2 R RR Y 50 £%

iy
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BiKYER IR T2 Leu, Ala Ml Tle, EIRIH
(R iR 3R 24 R 4 IK T Thelap Bib [ i 25 11 it /K
i R A, KA b 2 R S R
PEEE BB K R 1.6 £51). FERE B K
FE R, U IR ] 2K R AR R AR T 5
GRG0 . Bk R R K R,
K AR P U 5 2 PR AR AR BAS U L . XL
DM R K i 7 Az 1 1 2 2 2R 2 180—200 mg/L,
BiKPER IR TN Leu, 2945 MR &AM
T 20%. Hit, EHZIKE EcPepN 7E&
F KR A BE5R K R BE T1, RERS R
F&E RN AR, 5 Z KRG K
AR . LA, T EcPepN HATHAF ()
RS2, AT DATE B 3 B i BB AR e R
FEHARIEIEPE, X T EAFG ) R A E A K
fEn HYE . Hik, FEF AR E AR EcPepN
) R AR L AR M D R K B K i RE
J15 % BB A 5T A A KA AT I h 3Rk 4l
b, HEINT R R A Al A, TR B KRR
M EA —E R R, AT 22K UE5R
ZARKBE AL FZF AT R TP R B RS, LS
PR AE AT, P F T 21 22 IRl A 6 1 P 4k
W4t . AFIE W E AL EcPepN f4{# Al
H UK SR AR T R A
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