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Abstract: In order to study the properties of acid protease (Ap) from Trichoderma harzianum, the acid protease gene
was cloned using RT-PCR and then transferred to the Pichia pastoris GS115 strain to obtain high expression. Subsequently,
the enzymatic properties of this recombinant acid protease (rAp) and its performance in hydrolyzing soybean protein isolate
were determined. It was observed that the activity of rAp in the fermentation broth reached 21.5 U/mL when the recombinant
P. pastoris was induced in a 500 mL triangular flask. This rAp is an aspartic protease with an optimal temperature of 55 ‘C
and an optimum pH value of 2.5, which exhibited strong thermal stability after treatment at 40 ‘C for 120 min. After 24 h
treatments in buffers of different pH, rAp still demonstrated excellent stability in the pH range of 2.00~5.00. The relative
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activity of rAp significantly increased to 116.21%, 113.79%, and 117.44% b Cu”, Ni2+, and Mn”, respectively. In the
y p sig y y p y

meantime, rAp activity was significantly inhibited by Fe’", Fe’, 0.50% SDS, and 5.00% Triton X-100 , and the resulting

relative enzyme activity was 78.02%, 79.26%, 2.6%, and 13.19%, respectively. After hydrolysis of soybean protein isolates

by rAp and pepsin, the relative protein contents of the hydrolyzed products were 14.67% and 3.64%, respectively. Moreover,

the f-conglycinin antigenicity is reduced by 30.01% and 26.11%, respectively, and the antigenicity of globulin is decreased

by 22.37% and 15.63%, respectively. Based on these results, it is clear that rAp has a strong ability to hydrolyze and reduce

the antigenicity of soybean isolates, demonstrating its potential development and application value.
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. % 5% & RNA; FH Prime Script™ 1st Strand
cDNA Synthesis Kit % RNA & # 3t & Ji cDNA.
% % T harzianum 4= 3 B 4 7 %1 (Accessionno.
JOKZ01000069 REGION:110313..111532), 2 #i
H 11755 8KF5, KA Oligo 6.0 B AF 131t 514
Pl : 5CGGAATTCTCGCCTGTAAAGCCAAGT-3',
P2 : 5-ATCGCTCGAGAGCGGCGGTAGCAAAGCC
GAT-3', AL 1N EcoR 1 F1 Xho T BgIAT . LA
cDNA M #5#R, P11 P2 H514), #EAT PCR ¥ 1
KA W NP 4T PCR 71« 98 CHIAEYE 3 min ;
98 CAxME 455, 55 CiBk 30s, 72 ‘CLEF 90s 5 32
ANPEFR, 72 CHRIR 5 min. X 4l 4k () PCR 7= 4 3t
1T EcoR 1 H1 Xho 1 M EEVI 5, EH Rk EiE
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F Stu T 25 PEAK pICH/ap 35 i kL 5, LA
P. pastoris GS115 Btk . ¥ H 5 GS115 R
AifE MD AR b, 30 CHEFE 2~4 d, BREUCREE S
MM -85 955 (1.34% YNB, 1.00% HE, 1.50%
Jii BE 245, 1.50% B g, 20 mmol/L pH & 5.0 745
FROEMIWD K% 2~4 d, UCAEE R R Bl P B E
BF 7K A B VR D o ast b i, 0 ik B A 3 B P 1) EEL A
GS115 B Pk, $EECLEF A, 25 L AOX 5] 4.
P1 A1 P2 5| #)#E4T 3 [ 40 PCR, #fiik ap £ KA
P GS115 Bk FE R rp . S RIEHAK pICH HLEFE N
GS115 Bk, RIS EAHFATIE XTI

¥ HH GS115 WM N BMGY £ 774 (pH
5 6.00) 1, 28 CHYH;FE 1d 5, 12 000 r/min &
O 2 min WA, H#% (WIIHEME ODy, 4N
5.00~6.00) % BMMY #3575 (pH {H 5.00) HI#%H
S IR, B 24 h AN 1.00% (IRFR 80 1 H R i
SRILTdE, BOBEREE FIEHR, BB
133 rAp# 4L AL E AT

Y R I 9 28 3ok 7] 1 9 L 98 20 8 R G AT IR
A, TR A P N I I e 2 R R0 4K 85.0% AN
JER B ERNT, B0, WEEDTIE, ¥ AET 20 mmol/L
Fre e 22 vh i (pH {H 3.00) J5iBEMT, FEEIEE O
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Pepsin (RFZ2TH KT B HEBEER M 23.00 U
), 35 CHHIKMO0. 5. 60, 180 A1 360 min ),
HCH K A 7 B T 7K A 10 min K, 12 000 r/min
B0 30 min, WCEE KR EIG W, SR A Bradford
FEEIE R AR SR, E b oK g 2
HHER 44T 07810 (SDS-PAGE 2%, 12.00% 43 B2
5.00% AR o RAPURMERAIE, D E KR
VIR G ERER (18R B 11K G BRER 1 S T R P 1)
BALAH DL o
1.3.6 #ESH

AR5 I A B 3 D = IR S R AR,
FIF SPSS 14.0 B A4 X ik S 48 kAT 75 2 40t F ik
ZMEF S, FFH OriginPro 2021 # At 2 i) B 2 1 R
ZERA.

2 HERESH
2.1 apHFE W& RHETFF AR

B 1 ap £EAY RT-PCR F= 4 H ik El
Fig.1 RT-PCR products electrophoretic patterns of the ap gene
J£: M : DNA marker ; 1: ap XF 4 RT-PCR 4.
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B R EE R . LLE RNA AR B #E 1T RT-PCR,
B PCR Y (LK D EREHMAE LG, WMFER
0] i 20 R IA B Ak pICH/ap MR T . ap FE KT
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Fig.2 Results predicted as aspartic acid protease based on amino acid sequence of Ap

22 HARFBENMAREFSEELER

B 3 7£ MD TR E &K EFRBE ST

Fig.3 P. pastoris transformants grown on MD plates

4 EHEEFREEE TR R MR = A B 7K R BB
Fig.4 Hydrolysis zoneproduced by recombinant

P, pastoris engineering strain

5 E A F IR B AA pICH/ap HELEE N GS115 FFR)G
7E MD “FAR 21K H 200 207 (LE 3) 5 #%
T2 MM 495 ERE R g L, K2

Bt 737 1~2d )5, AESHIEARS, &
Ja 2B NI K AR R (LT 4). T HL NS RIA #
A pICH I %% A 1 6 8] T ot s BH /K f Bl o Bk
HUK i B ELAT e K I Ak 7 i3k AT Bk I 4H PCR %7€
PCR 729 K/ 5 T — %k, P1 AT P2 519 4
ap B:H s AOX 5199 #H 2 A~ PCR 724, 45k
GS115 W AOXT FEK LA K& ap LK R IK
# A& pICH/ap [ %) (LK 5), XK ap FEH O %
G2 GS115 A, KRG IhFRIA.

2 1 M

5000 bp
3000 bp

2000 bp
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1000 bp
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& 5 EHERET GS115 EFE PCR =X EER
Fig.5 Genomic PCR identification of recombinant
P. pastoris GS115

7: M : DNA marker ; 1: 514 P1 #=5|4) P2 4 PCR /*
5 21 514 5’ AOX A=514 3°’AOX #) PCR 4.

e H 20 BE R B BRAE = A BEAT S 3 R IA I,
£ 500 mL =M Hi% S 144 h I, REEW A&
G P B = N 21.50 U/mL, 4 P pastoris 1
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96 h I A 2N 29.00 g/L K4, 1534
RFEE S . Dou %P2 T asperellum il 7 —
M RERAFRE B Asp55, FF1E Escherichia
coli BL21 31k, K15 H 2 Asp55 & =l i& A4
799.52 U/mL, XRMAEREMN rAp KL ER,
RN AL AL T oRIELRRE, FEH P pastorisr
RIERGETERRERS, "REEEERNE
1 T 1 S R Rk
23 rApHyHifLEE R

¥ REE LEWAY) MR RS AL 5N
50.00 ku F110.00 ku) # 46 J5, hAr. @8 IEHKYE,
Pl L Sephadex G-75 4lifk 5, FL SDS-PAGE HLik
SERIK 6. RTHATERS S TFRENKZRD,
HHEIKES 4R —EAKXT T TREAN
32.00~34.00 ku 2 ], 5 rAp K/hFEA—3, dt
AL, iz —EE N rAp.

6 44k, rAp B9 SDS-PAGE k[
Fig.6 SDS-PAGE analysis of the purified rAp
E:M: &AM markers ; 1 MR 2 0 ATARIRIRYE;
3. 4: Sephadex G75 A E# 4k,

2.4 rApHyEfLARMELE R

241 REApHIAA TApE AR A B R
I AT pH B X rAp I 1 MR 52 T 1K) 5 Wi 45
RIE 7. B 7a 70 AT, rAp BiE RN R E
N 55 °Co AERFREMET I, KT 40 TGN,
120 min f5 A0S BEE A 100% JL-FERFAAL ; 45 C
ORI 120 min J&, 5k B IO A G PEAT 84.65%, T
55 CHRifR 20 min J&, LT 58 ki Mt i,
rAp £ 5T 40 C UL AR E VERRAR, ik RSk
U5 T HAb % 5 Q0 Rhizopus oryzae™ . Talaromyces
leycettanus™") [IERYE R A BESRE A — .
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Fig.7 Effects of temperature and pH value on activity and
stability of rAp
JE: (a) BEA rAp FHAA; (b) BB rAp #2%
Meg#ea; (c) pHAES rAp 49 F M AL T HRA.

H P 7¢ AT 0L, rAp £¢id R B pH 1H 2.50, &L
pH 18 4 2.00 15 B4 96.47% MIXHE . 7F pH fHE
EMEE, ¥ rAp BB TN pH i 24 h J5, pH
fH 2.00~5.00 2 i) {# F 90.00% LA b AH %F 36 4, pH
fE T 5.00 J5 A2 € M T B, pH fH 7.00 JLF 5 &
Kl fERZHEMRMEE AN+ pHE/NT 3.00 )5,
5Od A pH E AN pH A P 1 AH X 1 R 2 SRR
e, W T leycettanus " [¥) — P R 14 B 1 G 5 1 &
pH {1 3.00, S pH ET 2.50 A1 2.00 HsfAHXT 5 153 51
NBE T 25 35.00% A1 75.00%, T pH AE A 2.0 I Z &
Fmte, IR ER; MBS, rAp AT
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TGRS, AN Tt — 2Dt ot
242 ERBBTHIH A ApE A F R

AN (R 4 J& B - AN T rAp & VR g2 2 SR
W 1, Mg Ca¥'s K'v Zn® 1 Na' & J& & 7%
rAp FIVE R MA K. X5 &BEABAER,
SlREE —MEEET (K A Na) 85 RER
TR AR A R, WK & R4 E AN, H
TEAR R Ca® WIS, X532 Zn™ FI Cu™ IR
mi >4, ¥ A BCRC 32720 B #7241 & A i
FAlghE RO, AW, Cu®' NPT M 3
e rAp W, T Fe® A Fe't R 2 ] rAp 3 1,
X RE R T IX JLFh &8 51X rAp =24t fa e
PEMRC BT 8, %45 R E T leycettanus JICM12802
FRVR P A2 R A B IR B 1 B ST AR

rAp A€ #% Pepstantin i 3% Il i, 1 PMSF.
Aprotinin, Leupeptin F1 EDTA X} 3% 4 5% Wi A4S & 3%,
KR rAp BT RARAMREAR, S5HAEKRTSI
TR &5 5 — B, 3R & 14 77 SDS A2 1 3 M 57
Trion X-100 X rAp HA & MHI/EH, 4 SDS i
HHON 0.50% i, rAp IXFRER T 2.60% iEt.

2.5 TApX K E 0B E A AR

rAp B & ERGA K G S B EKR G, KR
) SDS-PAGE HLyk WL 5. &5 A] WL, 7Kf# S min, K
SABEEAM A EREREND (o av )
MEREE (A, B W) Bk B & EBEKgE™
VIR A 2 35004 25.00 ku A2 A I 4658 461 5 T

rAp IKAEFEPI R DL R 257, AXALE 18.40 ku &4
PRI VR BT . B K ARET R REK, PP
KPR E A KB E RN R, REREA
SREUNT 14.40 ku 4571, rAp K AR =) R oR B T
KEHBEAMORAM. B S EKRRLRSK
R E A S E S (REREA B E A KM 0. 5.
60~ 180 11360 min, H & A BG/KM =¥ & H i AE
X By BN 100.00%. 71.97%. 52.89%. 27.07%
1 14.67%, tAp /K=Y E TR AR & &0 50N
100.00%. 47.98%. 13.06%. 11.16% £ 3.64%). X
KB EAKBEYHIEEN e REY, §
HAMKRG p- HE K EERE A MERE A PR 5
AR %Y 26.11% F1 15.63%, 10 rAp /K fi# J5 PR vk
SR FBE T 30.01% F122.37%.

K G EE AU T R A R B RE R AL A
IR PR R A S F &, EABY KT EAN
Bty A A B A AU X P AL R R A, AT B AR T
KEEATURME. AMNEAR. G E Ak
G EKBAMIE, FEAE P KRR . A
eI, rAp 1B & K fE 360 min J5, A& L
DY (A, X RX M E Al KRS
o E A A BRKARE 1. B rAp 1B B R
KRR B R A%, PP, X
AT HE A& B T3 P AP R K T 0 3 B LI RN N T
14.40 ku WIIKEE 5, XUEREE T & A 75 B bR %
B (—EAH LA BE L AR R RO, §
BRI A E A PR

F1 eBETFRAFKFINrApiE R0

Table 1 Effects of metal ion and chemical reagent on activity of rAp

£ B BT RE/(mmol/L)  AATEME/Y% KA RIE AT /%%
None 5.00 100.00 * 4.65 Aprotinin 0.10 pg/mL 104.91 +2.93"
Mn** 5.00 117.44 +3.46° Aprotinin 2.00 pg/mL 92.66 + 5.56°
Cu™ 5.00 116.21 = 8.13 Leupeptin 0.50 pg/mL 102.43 +2.72°
Ni** 5.00 113.79 + 6.74° PMSF 1.00 mmol/L 98.89 + 4.48"
Zn* 5.00 101.59 + 3.54° Pepstantin 3.00 umol/L 66.60 * 2.82°
Na' 5.00 100.35 + 4.28" EDTA 1.00 mmol/L 103.86 + 3.78"
K’ 5.00 99.18 +4.54° EDTA 5.00 mmol/L 95.79 + 4.64°
Ca™ 5.00 98.35+2.41° TritionX-100 1.00% (m/V') 97.30 + 3.88°
Mg™ 5.00 95.29 + 4.54° TritionX-100  5.00% (m/V) 13.19 +1.32¢
Fe™ 5.00 79.26 +2.49° SDS 0.10% (m/V) 4139+1.51"

Fe™ 5.00 78.02 £3.24° SDS 0.50% (m/V) 2.60£0.18"

E: AAXFBEER EAT a

b cFNBFHEATFANEREE (P<0.05), MEINEFERTENEZFAREE (P>0.05).
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Fig.8 SDS-PAGE analysis of SPI hydrolysates at different
hydrolysis time by rAp and pepsin
E: M: &A@/ markers; 1: K O0min 49 K E 455
B 2~5: BEABIFIKMS. 60. 180 47 360 min éﬁ7J<iﬁ¥
F47;6~9 :tAp AU KME 5. 60. 180 = 360 min 44 7KfE = 4.

3 g

A K H RT-PCR 3R 1M KK 8 ap FEH, W
BRI RE GS115 WMRIRIF M RiE, i — Xt
rAp 4> B AL AVE BRI SE . 45 SRR rAp W R AR
FRRE AR, BOE KN IR FEFRIE A pH E 25N
55 CH12.50 ; EMKT 40 C.pH {& 2.00~5.00 FF 55,
il 4t AR T . KIS P AR R AE 90.00% LA |5 Cu™s
Ni*° Al Mn™" A8 32 & B %, 1 Fe™ Fe3+\ SDS il
Trion X-100 & 4| HigEVE. rAp XK E 0 &EEH
IKfESE, KPR p- AR R GEREE R ER SR L
JEME 53 )R & 30.01% F1 22.37%. X R W rAp B
R PR K S B E APUE R T, KRG
AN TEGIFRE.
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