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Abstract: Proteases and lipases are two major kinds of industrial hydrolysis enzymes and widely used in various food
industry (e.g., cheese making, soy sauce fermentation, liquor brewing, meat tenderization, etc.). Proteases and lipases are
mainly obtained from animals, plants and microorganisms. The microbial proteases and lipases have attracted great interest
due to easy obtaining, low cost and simple molecular modification. Currently, there is a significant amount of research on
microbial proteases and lipases, including strain selection from different sources, optimization of enzyme production,
physicochemical characteristics and molecular modification of enzyme for better application in food processing. This article
summarizes the relevant research on microbial proteases and lipases. This elucidates the classification and characteristics of
microbial proteases (serine protease, cysteine protease, aspartic protease and metalloprotease) and lipases, as well as their
application in the food industry (e.g., meat, baking, milk, bean, liquor, tea, etc.). This paper provides a theoretical reference
to fully understand the applicability of various microbial proteases and lipases, improve their utilization efficiency and
promote their application in food industry.
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P, AIER] T2 BT T A, S 2 AT IR AR AT ™,
PEURER AT AT LU B0 L ST L s T AT R
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L] A AN REP B A AR O
1.1 EBMS%E

A Z R 53205 20, ¥ K i 22 kit 75 2
AT LAy S MR AN AR AR HARdE pH nREHS >

NERPEAR . PR AR AN SR . TSR
[ RARR AL AR S PR A TE R B BEF AN [R] 43
22 Z FRAE Il PR . KA AR
&R AN, ARSOREFAR FA5r207 2, XTANE]
PSSR B R IR R | F8 5 Wl Rt S HAE B
OV B AT 53 IS0, SR, S T i b
FAPR AR N AR DS IE 3T AN 22, A SOl I 38 43+ 1 Wi
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1.1.1 225 R 45 i M Bl A e 22 200 45 11 it
(Serine protease, Sps, EC 3.4.21)YE LA 75K &
AR, B AR e M i o B R — =
LT TEATI . H A 2P AT B i S 22 SR A Y
FERW Z — Yilmaz ZEUH AL T —FPof 12 H
fif, iZ WA B Bacillus licheniformis A10, fxidi pH 2
9.0, FidE i E R 70 °C, £ Mg®" . Mn®" | K'fF7E T, ilf
W PE S EE . Kalwasinska 251" M\ Bacillus luteus
H11 Zifb it ik 22 2008 25 1 IR 20 HH AR SR A ERh ok
it s2 e, Xof—LEAG AL . SR IEVE M SR I AR R
rAFR e M, XS B AE Tl T R B . A
A HBAR AT B . Al B 2T L SR 2 F AT R 55
A RE AR B, R E R A e I R
7 SONESIN = e SN X R S S RSO AN SRER ) 3o P d
ZAMRAR B R AR )R i Kiran!'® A -3 rb 55
BIFIERAE T LA E s BRI [ 2 A e e e e
AR, S5 AN AR BE R 224K 25 5 43 s, BAA AR
ALz, BAE 37 °C T &EE 3 d 559 s g
P 13.73 pg/mL, 2223 FR AR i AR X 43 B A
— A 15~40 kDa, —AE P PEE R BRI SR T 4%
IR (G D), AW IR LA R R I TR REN
FAEARR AR B T s BT E B S Tl R g SEBRNV o
1.1.2 EPeaiR S g ARt Rt E R
fiff (Cysteine protease, Cys, EC 3.4.22) ) {ZAF4E T %
IR AR . ARG, R YRR A K
Hh 2 At 7 S A HARX S5 40~
55 kDa, &5 /KIS MY iciE pH 2 6.0~8.0, Scid i
FERH 50~70 °C, ¥F5E A7) . p-CMB(p-chloromercuri-
benzene sulfonate, SUoRAMHNR ) S5 L &M HA =
JERURE, (A4 BB AR HayG PR A B TR .
Keshapaga 5P M Bacillus subtilis A4 H 5355 H 1Y
2 P SR 5 U ETE pH6.0~9.0 {i o HE 450 B4 Ee v,
il pH o 7.5, % pH R BE 1T 5205 Ao AR & 1%
SRR AR, AR — R RS A I E TR
o 2R T

1.1.3 RAZIRE MM EFE R REEREN
fiff ( Aspartic proteases, Aps, EC 3.4.23 M FRER R
i, SR A R A B R R B A ARG PR Y PN IR, G
TR SN B A PR A E R 58 5L (Asp 32 il Asp
215), il LS K 53 ¥R DRI IR EE, 3 A1) T e
eI AR A R iR A kilEE . oK
A EERE . &SRR, HAR A E T
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Table 1 Characteristics and application of microbial serine proteases
" Sy BOElRE o . .
itk ]gj m(tém; ~ fifipH i) ) 7 S Sk
Pediococcus Soybean trypsin inhibitor, BATHRIERUA
acidilacticiNCDC 2520 371 37 8.5 Benzamide., f-ME SRR TR A [14]
Fe**. Ni*', Zn*", Ag". Co™,
PMSF, EDTA, Urea, Mg* ., Mn*", K*,
Bacillus licheniformis 40,55 70 90 Formaldehyde. Benzene, Toluene, Methanol,  FAFEVEL I TEM 12
A0 - : Xylene, Ethanol, Acetone., Sulfonylfluoride, T-MbAz 7™ 1) iy IR EE (12]
DMSO. SDS. Tween-20, Tween- B-ME
80, H,0,
Fe*', Cu*', Zn*", DFP, PMSF, SR EL A B [
Bacillus luteus H11 37 45 10.5 Butanol, Methanol . Ethanol, Z%i\ﬁeﬂﬁ;“?}\ ﬁ@%@/&@?’%ﬁi (03]
Acetone, SDS ~ Ve S n
" Cu®. Zn® . Ni¥*. Co®* . Mn?". ~ i8 33 2 KA
Stea(r;oegzbei:;;i)luililus 283 >0 85 Ca>, Na", PMSF Mg* i%kﬁ% ft?l‘(ﬁﬁ [17]
P e EpNi27)
M Cu> IR AR A
Planococcus bacterium — 35~40 35 11.0 Ca>, Co™, EDTA, PMSF, SDS I\g/Iet\hanol\ /J‘ﬁ%%m( HTH %(ﬁ [17]
I
Bacillus WA 2T 2 SR RRYN
) X e o2 FERRETAEER, JEAT 45
amylohqueﬁctens FCF- 182 40 8 PMSF, EDTA Fe’', Mn ) LR VA [18]

¥: Soybean trypsin inhibitor: & & [ #I i 7; Benzamide: % F BEA%; f-ME: S-mercaptoethanol, S-3ii 3 2, #%; PMSF: Phenylmethyl sulfonylfluoride, #<H
JEGATLIR 1L4); EDTA: Ethylene, Zfi; Diamine Tetraacetic Acid: £ %V %; Urea: JR3; Formaldehyde: FUE%; Benzene: %; Toluene: 1% Xylene: —H1

7K; Ethanol: Z[#%; Acetone: P iil; DMSO: Dimethyl sulfoxide, —-H 3&iFfik; SDS: Sodium dodecyl sulfate, |+ —

JEFEAR R4 ; Tween: Il ; Sulfonylfluoride:

%Lﬂ:ﬁﬁ@ﬂ': DFP: Diisop |_Fylﬂuorophosphate T SFNEL R ; PMSF: Phenylmethyl sulfonylfluoride, A@Eﬁ%@%ﬁﬂ:% Butanol: TE Methanol: i

Acetone: NHl; #2~4

AHeE b, H B A - S A s A L B T R
}5 5 M o Purushothaman 452 M\ Aspergillus niger
EF'ﬁ?’%Fﬁﬁﬂ'tE"J%RﬁﬁﬁEEl@@ﬁaiﬁ pH 4 3.5, Huid
R 60 °C, ELA B4 py e, B LIS Ik 3
40000+1800 U/mg., Wei Z&3 FI| B Pichia pastoris
SIRFRIR T Aspergillus niger KA Z PR B, FL5
Tt 975 R B T 5391 35 1] 9412 U/mg Fil 4852 U/mg.
REBRAATRE ABEAR pH(pH3~4) T~ o8 Hifx
RGP, I HAE pH3.0~4.5 Ju [F P E A S5 S, Bd
HEEA 30~60 °C, 73T HLiE % 30~45 kDa, i H
FABEH I AR H P (R 2) 6
1.1.4 £JRECME AR E &R AR (Mental

proteinase, MPs, EC 3.4.24) J&—2F5 24 )8 & (Gl

TOERE. BN BRAEDVEN B T B . ZEIEAT
PR TR IREA L VDR QRS S5 ER 4 R i Y 4T
A B R RI AR YIS IR ) 4 T B T i ot
%ﬂilﬁtﬁﬂqﬁ}jﬁ‘#%u W4 )R A BRI . &

i A LIS TR P B B S i 32 1 (3R 3) .
ill] Zhang %552 M Vibrio sp. LA-05 BRIk & B 175 W
Ty s At 4 JE AR I E VMP BAT — 2 10T £ 14
ZEMMEE N Thermoactinomyces vulgaris CDF 15 %
M4 e AR I TvMe B3y #ia e M, 76 55 °C
i T ACFE 8 h AT A] AREF 80% Tt . ZHCEFAIAT
BRI 4R 8 I e e Ly T A IR, /T LA

2 WU A AR B Tl P B S
Table 2 Characteristics and application of microbial aspartate proteases
yA = BT yH BE
itk ARt BOREI g pn i W RS 24 it
(kDa) (c)
Aspergillus niger 50 50 3.0 Pepstatin A / Eﬁui%%i%gj%ﬁ;ﬁ% Hﬁrﬁ? i [23]
. Xof L4125 11 AT ARG €2,
Aspergillus glaucus 422 30 38 / TEH, KA E F KRS [25]
MA0196 : ' GO R 348
2+ 2+ 3+ HKIALL R A | B A58
Penicillium sp. 45 30 3.0 Co Eb?l"]j\:Pi;st\agrlY[ [EF ) Mn™, Cu** P, ﬁ%ﬁg’{; ﬂ;gﬁiﬁﬁ [26]
Ph haet EDTA, IAA, PMSF, Pepstatin IR E RN D
chfy’;eo’s ;’forf;; 38 50 45 AL Co® . Cu, AICI, KCl EEELE 0 ) L7
) Pepistatin A, Ni*', Zn*", Cu**, Ca®", Mg®", Fe*", 7EMIEpH T HATEIE, & &85
Aspergillus oryzae 40 60 5.0 C0s0, Mn?*, Mg?. Mn?* i [28]
Trichoderma reesei 40.7 50 4.0 SP(I:{liz))f/ l;/lflllz+D1I\,/g;s£tll\§S[§) EDTA )Eﬁﬂ‘ﬁnn%% ﬁmfﬁg HEATAUK [29]
AP*, Cu®, Co™", Mn*", Mg**, B :
Rhizomucor miehei 37 55 55  Ca¥.K',Ba’,IAA. PMSF, S?ﬁéf%ﬁ‘ ﬁﬁjfmgfﬂgt jtg EEN [30]

EDTA. Pepstatin A

TF: Pepstatin A: BRI ; 1AA: C, HNO,, LS
FI7Kf#4; DMF: C;H,NO, N,N-—. S

-3-Z.T#; SPH: Soy protein hydrolysate, K 5.2 F7Kf#4); WPH: Whey protein hydrolysates, 7.4 &
liZ; DTT: Dithiothreitol, — & 7 HFE; Fe3~F4[d
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Table 3 Characteristics and application of microbial metalloproteinases

. AFE RERE . o . ‘
itk SR RIEWE gy i H) A 5% %t
(kDa) (c)
DTT. IAZA\ EDzTA\rZ
EGTA, Ca**, Mg*, Sr**, 2 Eh A I
Marine Vibrio sp. LA-05 35 45 8.0 Agl, Co’' Zn”  Mn”", B T "ﬁéﬁm%ﬁ'? FIREI 3y
Fe’', Ni', Pb*', AF", o
cr', Cu™', Hg*

Thermoactinomycesvulgaris + 2+ BABGF AR ETE, A = iR

CDF 90 65 7.5 Na", EDTA Ca B A TR [33]
+ . K'. Na", Li " ™

Bacillus amyloliquefaciens EDTA, Cu™, Cd*, SDS. > %% 50> JKfifk-CN Lys111-Lys112{v s,
GSBa-1 38 57 5.5 Urea, DMSO Zn \Cé\/lhg N ATVE A AR 7 v L 5 [33]

K fif2e-CN Lys21-11e22 I Tyr30-
Bacillus velezensis YH-1 56.8 55 5 EDTA. Na", Ca™ / Val3 125, ﬁiﬁﬁﬂ?’ﬁ?L%%ﬂ‘@W [36]

RERE, AINTEE R o
2+ N IKf#x-CN Thr124-1le125H1
Bacillus velezensis DB219 36 75 5.5 EDTA. &2» \Frjg <A Li", Mn*", Co** SerlO4—PhelOSTﬁ,}§:, i [37]
X LV T )R L L

Term’ﬁ'T”éccess(c)’gyfe“’”S 29 45 5.0 EDTA / TR s [39]

o Hfftx-CN Met106-Alal 0747 1,
Paenibacillus spp.BD3526 35 65 / EDTA / L HE e vh EL& A R I [34]

. . S - o oape NTHEARFLEEER A M 1,
Bacillus subtilis 42 70 6.0 Zn*, Fe’", Cu™*, EDTA Ca™, AP m;ﬁq:ﬁ}}ﬁg—]}ﬂk [40]

4:: EGTAL: glycol-bis-(2-aminoethylether)-N, N, N', N'-tetraacetic acid, £, - a- 25 2 kI 2125 1-CN: o-FE 1

S K fE % AR 1 B, A0 Bacillus amyloliquefaciens
GSBa-1P% 3 5 19 4 J& 25 [ 1 32 22 K i «-CN p
Lys111-Lys112 {5/ 5. . Bacillus velezensis YH-1P% >k
YA 4 )8 35 A i PT FE Lys21-11e22 i Tyr30-Val31
7 K RS TR B« Bacillus velezensis DB219 4= & &
FIBfEE7 32 32K f# x-CN 1 Thr124-Tle125 F1 Ser104-
Phel05 1370 X SAF T P ESR RS, fefd: pH
5.0~9.0, Faf ik A 65~85 °C, 43 T-HA 19~37 kDal*l,
12 W EE AR AR T R

HEAMTEE SN T EZH T A YhE L BRE .
AP BRI« RIAE T IS AN S T A SR A, AT
VERBS N A3 B T FIRDSH ) 357 35 5 5T, ZK i RIS
AR A LSS A B L v IR S SRR
PR UCBHITUE ; ZEBRTE Tolk b, 25 B K A R 32 Fnze
ZEFE AR LR, SIS XA, & 1
AT FRIT IR U E R 2 . FL L B

LB S B
=X/ 1Bl
3 = e WY A s g R LB VA
Fig.1 Application of proteases in the food industry

i AT i A R N A

1.2.1 2Ry ST LUK N 2S5 4R 2
LU g Jie S R A L IR AT 19454, A
T4 = R B BURE , [R) B 7 A /NG5 IR TR ) XUBR,
T R EANE PSS ML e ), 3
L KA R R T . R
R I T 3 KA R R F WAL AjproA 1 FFHRSE
x5 R I B2, 28 AjproAl A-PRIVIEIRZER
IR (19.55% )R TAIRNE HMF(22.73%) o FHHIH:
Rk Jp¥ghn . 55U) W e R RE, RIT AjproAl i
EAE BT T1 . Lim 88291 (A Aspergillus
glaucus TARAG IR A Z IR E A BBEK 53 55F N Rg
IR SR A AT P T A I LT 2R AR 1, AT DA £ R AL =]
A MR EOROER . WF5E 2B, M Bacillus subtilis A4
A3 B 1 > D 2RO 2 1 L T DA K AR R T AS
SR HARRE . FEPRIZRIAL T, H RT3 LA IR
BN, AR IR TR D, AR X
RIS IAC LI 7 T A F T8 14 AN TE . (H H BTAYBIFSY
s AR 5 A B PR S T T A R ESY
b=

1.2.2 HUFE s agN R PR K A T
AP TR R Y/ N AL TS, BARARR TS 1A B2 . i v T Ay m T
LN N N EA 2~ AN T ik ) o SR v i 0
A1) 485, JRCREEAie P AR i 2 LR 5 22 KBRS A SR IR YY)
JFIE .. Aspergillus usamii AR ITRPESE FHEFHS 7K
it/ INZ2 T A7 DA TS v FAR A L, T/ INAZ 2R o P K it
SEFALTEHIEEC(EAD | KSR BE 7 IR $2
o TRATEAEN T XK AR P AR o HA e 2
PR 5 2 AN 2 4R XU 14 XS B YR XUBR UF T . Renzetti
ST DS K TR Sy [ VR RE KRy T B, BITSE T
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ik 58, % ReEMIRE A REFIRREE S AR A R L PR AR - 419 -

AP (S 2 v PR P ) X T SR R P
FYSEN], 5 AL AL FE A TR ELAH Y, JCERBTK A Fu A4
BUEAN 30%~60%, HIELAEEEFEAR 10%~30%, 455
R BB AT R IERDRE B, P v TP 5
R v, X T AL i AT BUSE R o TERS IS B
Ff, WINPT 6 €A S 2 A (R I A n T T
AR, {H S B 5 HAB R PR RGO IS
HE—ARTE

1.2.3 FLHls P ao R WFSE R B o 2R AT A
PR AR P T AR A A W P i re- P 2R L RSl FH ORG
B BT A B SEOI AR, TR A [H]
Bk A A S XU A I, HK iy A i A s PR R AT
TIFRIIREME R G . TR LR B, RAERE M
Pt PR AR pHL AT, B Y0 B N ) v 80, 3 i B3
HEGEG N TWIEEA T . HASFERRIFE R A IR R
A T USRS oK e-BE AR 1, P A AN [ /N5
KRB, X B85 B/ N RS T LA TR, A AR
T AAREFE . AN Phanerochaete chrysosporium[27] Fn
Rhizomucor miehei®” S == { KA TR R B n] /E
AL GEEEFLIEAE A, N Tl A= . TEFLE] AT
M, ae Al A BEFLBEI I A /N, i A 7
£ PR, A E . ASCEFESS IR i 29, A
YR BEFLMEZ T2 BT . (HAE AARIREE
T L 9 B U B FLRE T E BE LA R v &) 7 A v R
BT, LM QI USRI AR . PRI, Sl Sy AR T
B A P LA D TR 7P S BRI 2 228
HE,

1.2.4 SflSPRINH  AETROR, AR T
B ATHAR S B AR, ECEDR IR AR E AT TP PR
P e s vl g I b B E ] o Song S5 R
R S SPN PN S RN 2 S 157 N (NI R o s{ S RPN
R EEG K PEZ SRR, S T K- iR, 2]
R BT 1K) T BT G XUR T BT 1
S, BRI A v, Rl EE | R A R
3B I E T IR S T B R P, R0
8 NG RN AL RS XU 5T, Tk T~ e i
WREO, Chen 450" 38 o A8 S i P ds IS Fp A5
FABEER T HATEH i 5200, A2 -5 ok th 2
AR P B R I RV SR BUAR &, B e

Tl (o 2 5 PR SR AT U B3 I T 7.45% A1 2.21%,

PeEm T ETE AR R R R TR . DI SR
Bz Rl R s s, TP BT h T2 R R
R FH 22100 S, PeE F T T i .
2 EYNRRERAER

N8 il it (Lipase, EC 3.1.1.3) &—2& b g5k
AT, HLOSR T RER /K ff H v =R P r BR g™, i
AHE BT/ PR sGAR AR RS R ERfL, B 120
R RN Tl IS4 S S e T R4
St BRSPS AR S ARYEAB W R AN
[W 43 s R Ui it . AE 40 B U5 B AN s A= 4 i 0 18t o

SENFEYINR TR LU, AR R D 20
SR B TR R LA RN 324404, H R4
WA IE NG VT B B A3 B, T A BEAT S0 B PE R,
AT RIAR A 73 Nk 4 Jros, Hg s e 9 1k
WA IFALAE 2R AEAT B | AP S BB R TR LG | R
Mard e . A EREE . thdi)s . BHEWEE. §5E . R
S IENIE Y NS S EANLC S S S (B S EERE X7/ i
I, N 5 BEAS AL RE S g 7 i R R MR . 1IN ¥ five B R
FE AR TIY], IR BB 7 B RE, 7R DA Tl W
Iz
2.1 WEAIRREIEE KBS

TERDI S b, S8 2 P A B A YA D,
TR ZHBCEERR VI, 73T HAE 25~60 kDa, fi
ifi pH 2 4.0~9.0, FidiE N 30~60 CP¥. HAh,
TR EZHCE R IENG I BEEA T | pH FRETE . IS
WS R HLE AR S22 AP IBAAIR A0, 9%
N B DT AR = — ),

A0 BT FH g — 3k Al S B A AR
JE AT BN DT I, A LR | R L we SRR
ST N =i I = N (R SN SR IN -2/ G B
Yy S EFNERAE T VFZ IR (R 4), X LEREREAS 1
JETER ot SN PR B i I 7R R, 4N Zhao 2511 A
T W b 432 S —8K Bacillus licheniformis
NCUCS-5, FFx) H S Mg liEEA T4l ik, 206 i S
A RAF T FEVE, TERME ARG i 2 TAPAE T HAA%E
PR, XA R HILTE R L AR R RS TR A R
SR SZ . Le 8002 X Halocynthiibacter arcticus
GBI — R v RUAR T A TR AN DD REWT ST,
R IZBETEARIR T~ BA S, )z i R ek,
BRI IECE HEFVEAERCR . Gao 551 B Paeniba-
cillus FYFRAIRITTHEX S — LK ANE A PSR HA &
BTS2

H AT YR8 3228 R A T2 Fh i Dy 1t e Ak 1) 67
BE . BA BT IE R A . ABI IR T D RE 44T
IS RS . RIRTE T NE I BEATAE RIR BRI
PFSE P22, BRI T H A RAE . B R
15 BT SO L ik, R F ey BRTRT
FEFRIARGEZ —, T HEZK IO ELH AR Rk RE
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Table 4 Characteristics and application of microbial lipases
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Fig.2 Application of lipases in the food industry
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