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B FE. [8 4] %8R IE 8 & (Saccharomyces cerevisiae) #= 5 7« I & & 2 & X F 4 (Pichia
kudriavzevii)k /& 69 SRkt BILER A Ak BE L E) sckex2 A= pkkex2 7[5 3| X 4T i (Escherichia coli)
BL21 %, FILRaHERIRE A KB 6 R R IA, AR E LB 0 B MR R B Aok R G B 0GB
Fl @2k BReFOBERE Do TEEKRGER., [F%] B RXHAFAGZA TR, & S
cerevisiae #= P. kudriavzevii 9 kex2 ;EEE] ﬁﬁ'%%, 27 KEX2 Z & e9dEh e R 3k, T C-R%

N-K 5% BILBR UEAT 3] W4546 3513 4 7 R 65 L ) sckex2A3. sckex2A4. pkkex2A3 A= pkkex2A4, #
# f£ BAK pGEX-6P-1 L, # A E. coll BL21 &% &A@l ¥, % DNA W5 39E, K17 40 H 4 E. coli
BL21/pGEX-ScKEX2A3. E. coli BL21/pGEX-ScKEX2A4. E. coli BL21/pGEX-PKKEX2A3 #= E. coli
BL21/pGEX-PKKEX2A4. #|F GST % #F= EA74E 4= PreScission & & Bg&f & LA B vE AT 4 3 44k, AF
B pH AR B X MEBFHR., ABRKEEOBEBKMBR IS EEO AR, EHRHMA

BARN IRBE L B Z A BEHR KBREEE, MNEKBZHF haTEarkas. (X1 E4
AR B BR N KB 2T A A o R K B /e E. coli BL21 F 7Tt & 3X, SDS-PAGE 441 & BAsbibeg Z 40
BN T8 5%, ERGEANT, FARBILFRAME, RERKSILEEIAS 4732 Ulg, K fd
4 23.61 pmol/L, K /A # 50.18 57", Kea/Km i A 2 125.06 L/(mmol-s). % FLAEE pHS5.0 HF 2d
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Terminal truncation improves the activity and soybean
protein hydrolysis efficiency of dibasic endopeptidase

PENG Aifeng, ZHANG Rongzhen’, XU Yan

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

Abstract: [Objective] To realize the heterologous expression of dibasic endopeptidase genes
sckex2 and pkkex2 from Saccharomyces cerevisiae and Pichia kudriavzevii in Escherichia coli
BL21 and then study the properties of the recombinant KEX2 enzymes and their efficiency of
hydrolyzing soybean protein in collaboration with alkaline protease. [Methods] The kex2 from
S cerevisiae and P. kudriavzevii was optimized according to the codon bias of E. coli. After
analysis of non-functional region, we redesigned their C-terminal and N-terminal residues by
truncation. Four truncated genes, SCkex2A3, sckex2A4, pkkex2A3, and pkkex2A4, were
respectively cloned into the vector pGEX-6P-1, and the recombinant plasmids were
transformed into E. coli BL21 competent cells. After confirmed by DNA sequencing, the four
recombinant strains, E. coli BL21/pGEX-ScKEX2A3, E. coli BL21/pGEX-ScKEX2A4, E. coli
BL21/pGEX-PKKEX2A3, and E. coli BL21/pGEX-PKKEX2A4, were constructed. The
recombinant enzymes were purified by GST affinity chromatography and PreScission protease
and then their pH stability and thermal stability were determined. With the soybean protein
hydrolysis by alkaline protease alone as the control, the yield of small-molecule peptides from
the hydrolysis with the recombinant KEX2 in collaboration with alkaline protease was
determined. [Results] The recombinant KEX2 and the wild type showed soluble expression in
E. coli BL21. SDS-PAGE showed that the purified recombinant enzymes produced single
bands. Under the optimal conditions, the wild type showed no enzyme activity, while the
mutants showed the maximum specific activity of 47.32 U/g, K, of 23.61 pmol/L, ke, of 50.18 s
and Ke./Ky, of 2 125.06 L/(mmol-s). After incubation at pH 5.0 for 2 d, the maximum relative
activity of the recombinant enzymes was more than 40%. After incubation at 35 °C for 1 h, the
relative activity was still over 60%. When the recombinant KEX2 and alkaline protease were
used together to hydrolyze soybean protein, more than 39% of the hydrolysates were active
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peptides with molecular weight less than 500 Da, and the content of active peptides with the
molecular weight less than 100 Da was 50% higher than that from the hydrolysis with the
alkaline protease alone. [Conclusion] Through terminal truncation, the soluble expression of
truncated KEX2 mutants was realized in E. coli. The recombinant enzymes demonstrate high
catalytic efficiency and can efficiently hydrolyze soybean protein to release active peptides.
This work lays a solid foundation for the value addition and deep hydrolysis of protein-rich
biological resources.

Keywords: dibasic endopeptidase (KEX2); Escherichia coli; enzymatic properties; soybean

protein; active peptides

KEX2 %M (EC 3.4.21.61) 2 —FPi5 51
ST 7R 1) 22 B4 IR EE 11 g, ELA 200 TR A 2 T R A
e ZE I8, VT LARR SRR 2 A3 22 0 Btk 2 3
M2 (Arg-Arg. Lys-Arg 5% Lys-Lys)FF7E5E %
P LR 1 BRI ISR THD K1), kex2 JEIH
S [ WP % £ (Saccharomyces cerevisiae)!, i3
Thorner L5 K BFFar 2™, W kBS54
TR R R AL R A A TR R,

KEX2 & H e TR Tagr)—m, 52
Fofr 25 W 3% kB 1 B AN T AT 5RO 2
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P BIE S, DA T B 3 Wb 8 vl 2 DG SR
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X 7= A ) o T2 eE SR, KEX?2
DIEIRTA BRI 2 -1 A U SRIF-28P1 KEX2
HAERGWA ST, Il g&E£W, S
cerevisia H i KEX2 1] DL} FH poly His R4
PIHEAMSEANAHN THZ —, HTAEES
& JE B A L L R AT R B P b Al i R
I E E RN, Bader &M PHRGE T Candida
glabrata (1 AU ME 24 B2 PN IR, FuEs T 4 i
BERIE R KEX2 25 RIS Re ek, (R B AR
BE U 22 1R PN TG Py 2k R kg2 Pk Jo o i
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Brenner 55X ScKEX2 £ i %) 45 #4145t e
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VEFIRLRIEA T 1 A3 B0, AR AU 2 3L R
R 814 A EBRFRILA N, I fE5AK . Ay
TRRK . A ESH S . P 254958 . Thr/Ser & 4EIX .
PEREIX A C wike . TEME LA P A SRR i i
b =Btk 2 | g . AE i RKLaEmR!,
Sreenivas %8t F ik MBS C 3 154 5% B KEX2
A [ R o i TR IR ) R OBURE AR 7 SO 4
HIBFSE R BLETY] C ¥ 201 DMERELUG KEX2 1/
AR BB PE S BRI AE A F C il
FEIX, AT LAArub i KEX2 25 PR, 1A 5500 35 1
it e

HATE A KEX2 HEABA ™ 118 £ F 82
Ee g BE(Pichia pastoris), #i5 f#A% 4% 5%
WK, XA T KEX2 AR 2. A
fITXF S cerevisiae kU5 1) KEX2 fgit4T T %2
5RO, (HXF AL KEX2 W54/,
1M P. kudriavzevii 2RI 11 KEX2 H HI A A FH
I o LA 2 PSRRI Y KEX2 il 2714 5 iyl
FE LSO EL , S KEX2 85 i A I B 2B 7= il
AREARSEE T et

AR S cerevisiae FIEE AR T e fi B P
FeFEYE(Pichia kudriavzevii)f) KEX2 [t C-
A N-AR G BB YIS , e B[R] i A i i
RASRSLRF] E. coli BL21(DE3)f5 3 41 i v i
1i#ih, HHABEASAE, BT HEA R,
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1.1 MREERH
1.1.1  FE¥RFABR
Pk K % #F #i (Escherichia coli) JM109

(DE3). E. coli BL21(DE3). Jfi#i pGEX-6P-1 Al
PreScission & [ i 55 41 18 R 8 T A S0 =,
sckex2 (CAA96143.1)F1 pkkex2 (XP_029323542)
ENgFMTIE, AT AY TR K
A R A5 i
112 EERKF

Primerstar, DNA Maker I H T 549 T
(REVAFRA T ; — kel & . e mhii
DNA 4ifbi 7 & Tk DNA /NI & [ /g
5 TR AR W) R B R A BR A \ 5 Boe-Gln-
Arg-Arg-pNA T H A LA DR RT3
O3] R RIS TR S R S e s e A it
Az SOMRAALRHECAT PR W] 5 23 BT KB NE B A i
W H 5% 2% T a2 YR A BR A w] 5 TureColor
Pre-stained Protein Marker, 2 N H &R . F N
FmACE R (IPTG) W A A TAEY) TR (i)
JBel AT PR W) s Heriatn] 5 24 it 25 R [l 4B
113 EERRMERE

ZZ A: 140 mmol/L NaCl, 2.7 mmol/L
KCl, 10 mmol/L Na,HPO,, 1.8 mmol/L KH,PO,,
pH 7.3,

L B: 50 mmol/L Tris-HCI, 10 mmol/L
B JFERIABEH AR, 1 mmol/L DTT, pH 8.0,

ZZ M C: 50 mmol/L Tris-HCI, 150 mmol/L
NaCl, 1 mmol/L DTT, pH 7.5,

LB K73t HAMR 1.0% (B iAFs450),

PR R U 0.5% (Bt iR B %), Sfbah 1.0%

(B AR50
1.2 EH WM SR N AR R IAH Y
¥aiE

T E. coli %65+ I 45 1 A& B sckex2
(CAA96143.1)F1 pkkex2 (XP_029323542)%E[H
FEH 3NN 8xHis bR%s, AHEIEFRIAR
& pGEX-6P-1 I, Zi& ik 2 1~ Ef SCKEX2 Fil
PKKEX2 1 F 25 B, s E Sk, 25
S 25 41 5k (kex2A 3) Fll C 3 5 8% 45 5 IR CHITAAR JIK
PSR ZER I S C Yiig(kex2A4) o AR 8 10 S IR
G BT R 1, TR s R B RUHR A 24 R P A
fitf C il 8xHis #3485, WitH G 1 WFFInER 1
Ji7R

PCR #"## HAYFEIH sckex2A3, sckex2A4,
pkkex2A3 Fll pkkex2A4 5 # K pGEX-Sc Hl
pGEX-Pk. PCR ¥ 3%4 H 143 [K] 1) S )i 554 : 98 °C
AR 30 55885 AN AT R4 T 30 MIEER: 98 °C
ARPE 305,55 °C &1k 30,72 °C 4EfH 40 5572 °C
R IEMH 10 min, 16 °C f#if. PCR ¥k
pGEX-Sc Hil pGEX-Pk MW 55F: 98 °C HiAs
PE 30 s5 SR)5 LA RRP AT 30 MIE#R: 98 °C 2%
PE30s, 55°C &1 30, 72 °C FE{H 90 s5 72 °C
B S 10 min, 16 °C R

I B R B TR R AR &k H Y 3
sckex2A3, sckex2A4, pkkex2A3 I pkkex2ad 5
2 Ak 3 & pGEX-Sc #l pGEX-Pk #1714, #4
IR pGEX-ScKEX2A3 . pGEX-ScKEX2A4
pGEX-PKKEX2A3 il pGEX-PKKEX2A4, FK5H:
¥ A E. coli IM109 &2 541 i, 22 DNA Wl J7 5
WE, PFAFEL A E. coli BL21/pGEX-ScKEX2A3 .
E. coli BL21/pGEX-ScKEX2A4 . E. coli BL21/
pGEX-PKKEX2A3 HIE. coli BL21/pGEX-PKKEX2A4.,
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*1 SIHIFIER

Table 1 Primer sequence information

Primer Sequence (5'—3")

6P-Sc-C-F CTGGTCGTTCTCATCATCATCATCATCATCATCATTAAGACTGACTGACGATCTGCCTC
6P-Sc-C-R GTATTTACGTACTTTCATGGGCCCCTGGAACAGAACT

Sc-C-F TCTGTTCCAGGGGCCCATGAAAGTACGTAAATACATCACTTTATGTT

Sc-C-R ATGATGATGATGAGAACGACCAGAAGATGGTGGAA

6P-Pk-C-F CGGAGCTGAATGAAGCCATAC

6P-Pk-C-R ATGATGATGATGAAGGATAGTACGTTTGTTGTCGTTAA

Pk-C-F TACTATCCTTCATCATCATCATCATCATCATCATTAAGACTGACTGACGATCTGCCTCG
Pk-C-R GTATGGCTTCATTCAGCTCCGGTTCCCAACGATCAAGGCGAGT

6P-S-R CATGGGCCCCTGGAACAGAACTTCC

6P-S-F CATCATCATCATCATCATTAAGACTGACTGACGATCTGCCTCGCG

6P-P-F CATCATCATCATCATCATTAAGACTGACTGACGATCTGCCTCG

6P-P-R GGATCCCAGGGGCCCCTGGAACAG

ScKEXA3-C-F TGTTCCAGGGGCCCATGTTAGTTAGCTCACAACAAATCCCACT

ScKEXA4-C-F TGTTCCAGGGGCCCATGGCTCCACCAATGGATTCTTCTCTTTT

ScKEXA-C-R GATCGTCAGTCAGTCTTAATGATGATGATGATGATGATGATGGTGCATAGCTTGACGAGGTG
PKkKEXA3-C-F GGGCCCCTGGGATCCATGTTAATCTTCTCTAACCGTATCAACGC

PkKEXA4-C-F CCAGGGGCCCCTGGGATCCATGGTCAGCTACGGCAAAGATGTTC

PKKEXA-C-R GTCAGTCAGTCTTAATGATGATGATGATGATGATGATGAATTACGTAGTGGTGTGTTGG

1.3 FEAVBMIERNKEBHNIESRIE
54t

AR b PR SO R 2 B R
HEEM LB K73, 37 °C. 200 r/min 5557
8 h, FIFIlHE 1%M M T4 2 200 mL 54
FHBEMN LB K3, 37 °C, 200 r/min 15
7% 1.5-2 h, T# ODgooikF] 0.6-0.8, [ G 0
AdEH IPTG %S, 25°C. 200 r/min 553% 12-14 h,

BRI, 22 A KA DR
U3 W IR 120 (BTEARFREL) M Eg], FHZE vh
WA FEAREATE , FEVKIE S50 6 75 R At
BEFRRT 4 °C. 10 000xg 5.0 30 min, 4385 F
HIRSUIEY, EERZ 0.22 um K R IEMT IE
J&, BT IR &ALtk .

B AL B E AR S F 1T, GST 2%
FUZMHEARAE T 20% LB, Ak 5 4
FEARTR, FZZPIR A P 5 AAEREL, fEab s
AN IR EFET GST SEMUZ Mk, 2k
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JE M A k2R, H#E ¥ PreScission
HEHEBEIMA GST 2EHMZHALE T, I T 4 °CTlE
W, SRIEH SR C YEIEE B &,
i#id SDS-PAGE KilE. [0] GST K FIJZ M
A S AR R ZEnhii B, BEl GST Fp4s
F1 PreScission 25 [ »
1.4 FHAXNW M S EER RN REREZE MR
M E
14.1 BEENESE

4 KEX2 IR b4k , 5 Boc-Gln-Arg-
Arg-pNA (Boc-QRR-pNAYE R JEY), KEX2 FEH
Ml 7E RR AL C I HI S, BRI % i BE 2 fi
1E 405 nm AL WOGAE , HOEIE R/ W EE K
e

FOSARZ K. 50 mmol/L Tris-HCI (pH 8.0)
ZZ M, 2 mmol/L Ca®", 100 pmol/L JE#)
Boc-Gln-Arg-Arg-pNA (Boc-QRR-pNA) Fl ifi &
AOBER, I BEEARASGE S E 5 min NIROGIA,
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FEFG 10 s M —IK , PRUERESI 80 ODyos ZE LA
Hi3d 0.04, B E X 25 °C NI Y
AB T pmol X i IR e T A Tl o Ry — TG
BAL(U).
142 BHAWEMSERNAKENRIE pH
pH 12 EM

FEANIA] pH 2544 F, 0 EE 4 R 24 S TR
DA K () T S, TR ST T A UR O R R 1 I
ScKEX2A3 . ScKEX2A4 . PkKEX2A3 Al
PKKEX2A4 [ f5cid O pHo ANJR] pH ZZ iR -
50 mmol/L ZPREN- . 1R%% Wik (pH 4.0 il 5.0),
50 mmol/L Tris-HCI (pH 6.0-8.0), 50 mmol/L
Z4R-NaOH 2% tfif (pH 9.0).

WAl T AR pH MZ i, BT
4°C, 48 h JFHUFE, W 20 sk R IS g, ot
G 2H AP 2 IR N KT Y pHL R 1 -
1.4.3  EH WM S E IR A RKES A & &R E F1
mEREM

4 50 mmol/L ZBRHN- L FREE Wil (pH 5.0),
100 pmol/L JIK#) Boc-QRR-pNA # T 25,30.35,
40, 45, 50, 55°C¥H 5 min, MIAIE &I,
I AN [) 9L 8 A5 4 B A U TR A ik it
BTG 7, A5 2 U 22 B TR P oA i ) e i
F R

W S B Y )BT 25, 30, 35, 40, 45,
50, 55 °C &M FIRE 1 h, RIGMAHA Y
Yy, D 2E SR 2 1R PN K 1 R A T
71, WERHIREE R E
1.4.4 EHEWREMSEER AR HZENE

FEfE AT, I 2 UL 2
W2 N KB 09 2 7 27 240 e AS [A) R B2 (10—
300 pmol/L)AJiEH) Boc-QRR-pNA , 4[4l LA 1
HAMTEA B BIEE 5 min, I1AE B2, g
HAHMAEGE, FH origin 24 AY Michaelis-
Menten F LA HIZ, ITTHEEHEN Ko, Kea
L Keat/ Ken {0

1.5 EANRE M RERR NS (L E Bk AR

I 2 2 OBUBR P 22 R PN Il 2 5 A A
B B A 1 il X DR 20 A A T K R S

Fr 1 g K4y 1F 50 mmol/L Tris-HCl
(pH 8.0)F1, Wh/KA& 5 min, BIlRSELEM, 415
AR RLZURE N 1% (T AR50 FrEE
WK RERE, TERNAERFIA 0.1 g/L
B (T 35 °C. pH 8.0 Kf# 2 h J5, & pH
H 5.0, FEMAREEMEEIEER N KA & Cat, T
35 °C ARSI 4 h J5 24 1k - dfiad 10 000xg 2
05 min, ZEH B, 022 pm KR IEA
AEPRIS SR FH RO A €233 (high performance
liquid chromatography, HPLC)/3#1 7K fi# & + A~ [
I3 F /NG R A

2 BRS04

2.1 WM EERNKEEAE 2T RIE
I Re iR

M NCBI (https://www.ncbi.nlm.nih.gov) %4
JEF35 ScCKEX2 I PKKEX2 FUE KR FY), iz
JH I-TASSER (https://zhanggroup.org/I-TASSER/) i
M43 Hr SCKEX2 il PKKEX?2 85 11 = 2R 45+ (&
1A 1B), KEX2 fHIfH 814 N a SR Tk 54
H(E 1C), B FAAE(E 5 IR (1-19 5R ) | i
PRRE(20-113 5R3E) | fEAL S5 IR (114-410 58 IE) |
P 4543k (411-624 58 L) . Thr/Ser & X (625-678
FRIL) . BRI (679-699 BRI C EE
(700-814 5% 3L) A5 5 KA EZ IR E 513 KEX2
A PN J5 X AR K A 2 B ) B A AT
1B, B KEX2 MOIERITS s AL 2 ek
WAL S E AL = BRAAK Aspzs. Hisyz. Sersgs —
ANTEAEAL 3 A8 R AR E o AR R IR A
FHR Asnyyy CHEFEIENY S P G50 1E F7E T4
Bt 0 19 IR 00 37 8 0T 3 o HAS € % 5 Thr/Ser
AR RN TR R B BEX M C
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C [ T | T T
1 200 400 6*(?07, 800
Signal sequence Propeptide Catalytic region P-domain .d;nl\ai]s T{MI) ﬁ‘y‘t(&s(\!;c
I
KEX2 [1 I I =T ]
KEX2A3 | I I ]
KEX2A4 | =

B 1 EEWE M REERAKEENES AT
Figure 1

Structural analysis of recombinant dibasic endopeptidase. A: Three-dimensional structure of

ScKEX2 protease. B: Three-dimensional structure of PKKEX2 protease. C: The structure of KEX2, KEX2A3

and KEX2A4.

Ui FE L E B KEX2 43T 1 16 20 i P i s
ik b, FeRlE C iR EA A S B KEX2 7
YU PN BN, I8 S KEX2 7244128
)32 4 Ao Y I AE K AT TR ik R h i
HUMgs, 2535 KEX2 BFA] DA% e L5 5k .
FIARAK . BSHRIXFN C o L

¥ ScKEX2 1 PKKEX2 FY 4 LR 751 kA7
Eext, ZBPE FIEMN 49.68% (B 2).
PKKEX2 [45F25 H SCKEX2, PKKEX2 i 869 4~
FASEIRGR I AL, AIE(F S IR(1-12 FRAL) | HifAk
JR(13-131 5% %) . LA 8(132-442 58 3E) . P
LERE I (443-657 FRHL) . Thr/Ser & 1X (658-724
BRIL) . OBEBEAE (725-741 BRI C R R
(742-869 5% HL).

X} ScKEX2 F PKKEX2 55143 A 778
FEALRR, B RAMEE AR SIK. B
B(KEX2A3)Hl C i 2 [ 5 #2355 Bk L A ARRK
P R 4B A AN C i FE L (KEX2A4), 45 4 BR%
AE Rk ScKEX2A3 ., ScKEX2A4 . PKKEX2A3 Al
PKKEX2A4.
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2.2 EHENEMIERAKERRIE. diik
K g 7E M E

M NCBI %54 2 345 sckex2 (CAA96143.1)
1 pkkex2 (XP_029323542)( )4 KJF4), HEAT3
Wbt 2] 84k pGEX-6P-1 I, FfF 3"
Ui VNN 8xHis A28 fid i ik, A4 @ 5 40 kL
pGEX-ScKEX2 Fll pGEX-PKKEX2., 40 Jfi ki
AL 32 S 4N E. coli BL21, 4 DNA 756
iE, #1584 K #ikk E. coli BL21/pGEX-ScKEX2
1 E. coli BL21/pGEX-PKKEX2., ¥ 2H i 285
0.5 mmol/L IPTG if5 31557, LM B fa 2.0
AT R s, BVHLEGW . FIFH GST 3%
2 HTAEXT LR R 1T 0 25 264k, PreScission 2
P DI 2 N i GST #n4s, FIFHZE vh
W C thse B AT 7531 H 478 11 . SDS-PAGE 45 2R (&
3) R Ak 0 EE A A S5, X Y
4y ¥H ScCKEX2 4 92 kDa Fll PKKEX2 4y 98 kDa
Fidr o XTAL R AL IR 1.4.1 JEF TS 7 i
E, G I¥<1.0 Ulg, FHEAERANITSLRE
o — RN SL A7 AE, ] M ) 1 A

o ANCE
HES R
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Signal sequence Propeptide
A A
1 10 - 80|
Foll R bt [l IE sYol ,EEBE EI TG o o8 f
Propeptide Catalytic region
100 110 m—k—m—]m—\
ke <ol iikieoios i iINE VIR E{ """"""" B

ScKEX2 Ve s c@gs
PKKEX2 ®WaF nidgs

ScKEX2 v Al
PKKEX2 ~H°S

ScKEX? e
PKkKEX2 CEReSESes

430

?ﬁﬁ‘é’féﬂﬁ PRI EERE

470 490 so0 |

E SRR [ M 3

520 530 540 J‘ 590 |
?ﬁﬁ%’féiﬁ]ﬁl 28 -MEEEE EEEEE
P-domain Ser/Thr domain

A A
| 60 610 620 [ _ 630 640 B 660 670 71
SekEx) B Erffures Y SERPERERCH A2 B MR El

Cytosolic

)

80 690 706 710 T 750 60
el L S Ll ool TES 5 hehoons

Cytosolic
|

790

SR BRI I

2 ScKEX2 #1 PKKEX2 B S EBLFFILL X E

800 810 \

PR SRR S B

Figure 2 Alignment of amino acid sequences for the SCKEX2 and PKKEX2.

W& L IhBERE, Ja8EXt ScKEX2 fil PKKEX2
WA TSR E D g X S A e S AR IR TR K .
2.3 EAWEMESERNKREERTANE
B54i

) pGEX-ScKEX2 F pGEX-PKKEX2 Jy#i

Be, PCR ™ 3% XU a2 5 AR A Ik g 5 [

sckex2A3. sckex2A4 ., pkkex2A3 Hl pkkex2a4,
WHTRK/NVTHIM 1728.2 045 .1 839.2 192 bp.
PCR ¥ #4#54k pGEX-6P-1 F BtJ5, HIfAEHE
k5 BRI AREE, WEREAHRK pGEX-
ScKEX2A3 . pGEX-ScKEX2A4 . pGEX-PKKEX2A3
Fl pGEX-PKKEX2A4, #4541 Jioki % fk A E. coli
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Figure 3 SDS-PAGE analysis of expression and
purification of wild-type KEX2 in Escherichia coli
BL21/pGEX-KEX2. M: Marker; Lane 1: The
cell-free extracts of SCKEX2; Lane 2: The cell-free
extracts of PKKEX?2; Lane 3: The purified ScCKEX2;
Lane 4: The purified PKKEX2.

BL21, 1H2|EAREFEY E. coli BL21/pGEX-
ScKEX2A3 . E. coli BL21/pGEX-ScKEX2A4 . E. coli
BL21/pGEX-PKKEX2A3 Al E. coli BL21/pGEX-
PKKEX2A4.,

BB R %t 0.3 mmol/L IPTG 554435,
WCEE TR R R385 4 SDS-PAGE 455 (14 4) 2.
TN AR B 2 AR Ry B — 2Rt X Y 4 F
it SCKEX2A3 i 73 kDa., SCKEX2A4 2 62 kDa.
PKKEX2A3 Jy 80 kDa #11 PKKEX2A4 24 66 kDa
Kitis
2.4 pH TR E XTE 20 WM S B BRI AR
RLRTENIHIFZ 0

WK 5 FFR, ScKEX2A3 ., ScKEX2A4 .
PKKEX2A3 Fll PKKEX2A4 [J#ciE pH 4 5.0, I &
UL 2 R PN I 5 AR 1A Y B pHL I

W BEBEAIAE 4 °C 25F T, T pH 4.0, pH
5.0. pH 6.0, pH 7.0 Fll pH 8.0 BZE ik I
48 h, W ARIE pH T AERAREEE 77, 25 R
5 PR X 4 NEIE AR Y SR — 80
TEAN[R] pH filCE 48 h J5 , 7€ pH 4.0-5.0 B} 5% R il
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L4k B9 SDS-PAGE S #f

Figure 4 SDS-PAGE analysis of expression and
purification of truncation mutant KEX2. M: Marker;
Lane 1: The cell-free extracts of SCKEX2A3; Lane 2:
The cell-free extracts of SCKEX2A4; Lane 3: The
cell-free extracts of PKKEX2A3; Lane 4: The
cell-free extracts of PkKEX2A4; Lane 5: The
purified ScKEX2A3; Lane 6: The purified
PKkKEX2A3; Lane 7: The purified SCKEX2A4; Lane
8: The purified PkKKEX2A4.

TS T, 1E pH 5.0 514 F A%k B TS /1
R E R, 78 pH>6.0 BF, SUB 1 2 3 1 P KT
[ 5% B BTG Uy 228 T o

ScKEX2A3 ., PKKEX2A3 Fil PKKEX2A4 {95
WIS 40 °C, ScKEX2A4 1) i I B
50 °C, B 2 AU 2 SE R PN I Tl 28 A A 7
40-50 °C Y3 BBl AR E 180 o B AR
XU 2 IR N R 22 T R AR TR 1 h
Je , D R 2H il 1 Il RE RS M L S5 R AT 6 TR o
ScKEX2A3 1A TF 35 °C WU &F R 1 h ),
il 75 S RE AR FRAE 60% L) b, T 2R S T
35 °C W} g & J1 B W3 2k . ScKEX2A4 F
PKKEX2A3 W1 7 WEE W A T s, 1 ka2
e, MIREM 30 °C LUn, B TIREIR R
40%LL T . PKKEX2A4 7£ 30 °C B i 71 5% 4 di
f P LR A T e e TS PR T R
2.5 EHENWEMRERAKERT AN
NESH

3 3o W 7 AN TR E (10-300 wmol/g) B IR 4]
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Figure 5 Effects of pH on activity and stability of truncation mutant of KEX2. A: SCKEX2A3. B: ScCKEX2A4.

C: PKKEX2A3. D: PKKEX2A4.

Boc-QRR-pNA S5 T, A [m] 5 2H g i) b TG A2 4k
il origin 4 4b H W) 4h bLTE S HE , A
Michaelis-Menten /7 F2l &AL MERIH L, 1T
AR Sh 12- 2580 3 2 iR, 4 AD2RARMRR
Kin FHZEA K, FBH A BT T IS Boc-QRR-pNA
MR ST A% . ScCKEX2A4 Fil PKKEX2A4
H) Keae b SCKEX2A3 Fil PKKEX2A3 435l E T
10.8%7#11 16.6%. 5 ScKEX2A3 # I ScKEX2A4
B Keat/ K TR T 9.9%, 5 PKKEX2A3 #f Lt

PKKEX2A4 1) Koo/ Ko TEHE R T 16.9% iX SEZER
FKHTERFE C-ARumRR, MEES KRSk
JRE R LGS I TR ) koo fH, AR EHR
BT EFMEIL R . PKKEX2A3 Y Kead/Ko TH %
AN, AR AR, X 5 2Z Ao L S L
PEAHWI 4 . ScKEX2A4 Y5 PKKEX2A4 iy
Kea/ Kin TEAHIE , RIAERIAFF R R T, 31X 2 Fil
AR IS KEX2 BFkda 2 B LS , b aeR
TR 2250
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Figure 6 Effects of temperature on activity and stability of truncation mutant of KEX2. A: ScCKEX2A3. B:

ScKEX2A4. C: PKKEX2A3. D: PKKEX2A4.

R 2 EEWEMEERANKERTIETEY
Boc-QRR-pNA HIEN HF S

Table 2 Kinetics of KEX2 mutant towards
Boc-QRR-pNA

Proteases K (Umol/L)  Kege (87 Keat/Kun (L/(mmol-s))
ScKEX2A3 234 45.3 1933.9

ScKEX2A4 23.6 50.2 2 125.1

PKKEX2A3 23.8 41.1 1726.8

PKKEX2A4 23.3 50.0 2 145.0

2.6 EAWHEMEIERNKRERTHAES
B Bk f# a2 A

DONER - S (E)ict /Nt e g ]
VR R, E S TG RS T B BORE Al g
SDS-PAGE faj LR AF K fAE L (K] 7), KIUAE 2 h
JE PR AR K G DU A, RGN
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Figure 7 Alkaline protease hydrolyzes soybean
protein at different time. M: Marker; Contrast:
Soybean protein; Lane 1: 15 min; Lane 2: 30 min;
Lane 3: 1 h; Lane 4: 1.5 h; Lane 5: 2 h; Lane 6: 3 h;
Lane 7: 4 h; Lane 8: 5 h.
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Figure 8 The distribution of polypeptide molecular
weight in soybean protein hydrolysates.
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