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biotechnology. Among microbial proteases, alkaline proteases account for more than 50% of the world’s
total enzyme production. It is of great significance to explore new microbial resources that synthesize
alkaline proteases. [Objective] Strains with high production of alkaline proteases were screened from
the sea mud of Hainan offshore shellfish breeding base and their growth characteristics were explored.
Moreover, the conditions for the enzyme production were optimized. Thereby, new protease-producing
resources were obtained. [Methods] Casein medium was employed for screening the protease producers
and the yielded strain was identified by morphological and phylogenetic analysis. The enzyme
production conditions of the strain were optimized by response surface methodology. [Results] Strain
F3 with high production of alkaline protease was screened out and identified as Serratia marcescens.
The enzyme activity in the fermentation broth of the strain was up to (339.36+4.30) U/mL under the
optimal conditions. [Conclusion] S. marcescens F3 has strong ability to produce alkaline protease.

Keywords: microbial screening; alkaline protease; response surface methodology
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Table 1 Names and sources of strains producing
ZHMIEEE 1o AP E A A UEAD

alkaline protease
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1.1.2 EERAFIFNEE
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FEARER RN T 2, 24 4 b 2=l R A PR
ANl

E LN o5y 52 B R = <37 ST & 1 2 61
B m AR 0L, SRR A
PR FRHE, HAF
1.1.3 EHFE

BRI R SR (g/L): BEEE I 3.0, WERHE
By 2.0, BAKE 5.0, BfEM 15.0, pH 9.5, P+
B3 gk (g/L): R 10.0, NaCl 10.0, FEEEHS 5.0,
BENERE 15.0, HEAih A WeRE I (/L) : #i%aHE 10.0,
MR 10.0, BB 41 5.0, NaCl 10.0, pH 9.5,
FFA R FRHET 1x10° Pa K& 20 min, Hrh724
(FREX 10 g VM T 50 mL TRk, 7E#d TAE
BN 0.22 nm AR SERR 1) 5 H ARG 7R 3 Oy
HKFIERA
1.2 7k
1.2.1 PR E B ES R AR Y T

B . FREL 10 g YRAFE A BB A7 B 2 2k AN

*®2 REERFR

Table 2 Sampling information table

I A I S R SRR AL 4293
90 mL TR KMWHEREIRS, HERER
107-107, B 0.2 mL 45 T3 55 i pe 1% 37 2k 57

M b, F 30 °C ¥t E A BB, K3
BB R R bR 2 I kK 7%, H 2S84l
[Ek7 38

S0 . WO PR RN T R W R
30 °C. 150 r/min 3555 48 h, 7£ 4 °C. 6 000 r/min
230 20 min, WA BT VRN A A I, R A Folin
Pk 0 22 2B P TG P [ 16] . BEG € S < 7€ pH 9.0,
40 °C KMTF, BEEOKAE 1%0 R IE R4
1 ng &5 BR A A 1 ANES 1 B (U/mL) .
1.2.2 HHEE

TERS Y E . AR TR IR L,
30 °C #55% 24 h, WA FHRE FRIEH KN B
AL B SN RKE . R R BT B
S-3000N M HANEIE A .

BTFHEYFEE: R 16S rRNA HE[H i
MEIHEF T PCR U317 0y 25 S 7 NCBI
Lﬁa%ﬂﬁlﬁl_ﬁtm%\ﬁ, Fl MEGA 10.0 %%
TERESI IR R G R EM,

1.2.3 A KphZ i m B2 4

TETCHIREE T, B ODgoo N 0.02 1 B
AFEAh K P gk, 30 °C 150 r/min {H iR 35
It AR 6 hf, MG 6 h UL, Wix
FHI I ODsoo B S B 1 2 11 B G, SCIE A
3K, AR BRI R AR F3 A AR K iR 4R B
A

FES GRS CRFEEFE] ORAEHEA PR KG R SR

Sample Sampling Sampling location Sampling latitude =~ Water Sample type

No. time and longitude depth (m)

1 2021-4-12  HFRIEEE O TARZEEITIBAERE . SFIRAESEL  110°35'E, L5 e KFE
Offshore oyster and shrimp breeding base in 19°51'N Sludge,
Dongzhai port, Haikou city, Hainan province water samples

2 2021-4-12 R O AR I DU IR AR AL Hh 110°49'E, 1.2 e KHE
Guilin Yang Offshore shellfish breeding base, 19°98'N Sludge,

Haikou city, Hainan province

water samples
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Table 3 Plackett-Burman experimental factors and
levels

ES {1 =Y & &

Factors Low level High level
() @)

A FFLH¥ Galactose (g/L) 20 30

B H [ Jifk Peptone (g/L) 20 30

C pH 9 11

D R Inoculum (ODggo) 0.01 0.02

E NaCl (g/L) 5 8

F 25 & Liquid volume (mL) 150 250

G K,HPO, (g/L) 10 15

PR R 5 5L 5
125 RigEE

W TRRR F3 7R il R O T AT R, UK
LG T P REL AV 6 B R b T R BUR R 2
AT IS S

2 BEREAW

2.1 FHEMEABEKATE

TR g 3 T YR U T 4 B AR B T Al 5 TR
67 Mk, JLrfRE ™ Az B PGS B B O TR AR 33 Ak
ik 1 7 BROKA# B (D)FITE & EAR (d) L AE(D/d)
AR R A AR A TG DU 2, SE 25 SR Al 1
Fim o

ME R IE W, BTiEn 7 B4 &
WEXESR, A 4 bR EERHE R 100 U/mL, JHrp
VR F3 778K I BERGTE e, IR R F3
VE R TR EA T IS 22 1) SRR Y
22 FREMEAEMEKNEE
221 BEMAMASIFE

PIPE F3 ZEE AR R I B85 12h )5,
WAL LS R WE 2 P, HEERETE, B

Enzyme activity

40 - D/d value 1200
)
351 1150 £
2
E
3 I ] =
2 30 100 -2
[
g
251 * 150 %
=}
[Sa)]
20 1 L 1 I I 1 L 0
R3-6 R4-8 FI8 F3 F4 FI10 FI
&1 JEKREEMXNDAE AR/NEGFH

FRIRNTE P<0.05 KFEESBE, TH

Figure 1 Enzyme activity and corresponding D/d
value of each strain. Different lowercase letters
indicate significant differences at the P<0.05 level,
the same below.
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2 EHFIEMTFIEFREQ)MBERFEEFEBHESE

Figure 2 Morphology of strain F3 in seed medium (A) and casein selection medium (B).

oL AA, REDLHE BRI, SMNREE R
Mo S T B AR (E 3), ATRAA I
MMHAEAE, ZREAFR, BEAEHR 0.4-0.7 um,
K4 0.7-1.2 pm, HilE
222 FFEHMERTE

PCR 4" #4515 2| & #k F3 19 16S rRNA JE [
J¥41, R GenBank 1] BLAST #J¥ &4,
R, %W 5 B E R AR U AR =
IR 18 BB AR PR 1Y 16S rRNA JEH ¥ 51,
K MEGA 10.0 A VE F3 M RGEKRE
(K 4), Hik F3 5 Serratia marcescens 31 JF)

1.00 pum®™

3 E F3 FEBEE
Figure 3 Scanning electron microscope image of
strain F3.
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VE R R e S5 77 IR S
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T X BRI PR F3 7™ 25 1 M A S22 s, L
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Lgl: Serratia oryzae J11-6 (NR 157762.1)
Serratia aquatilis 2015-2462-01 (NR 147771.1)

Serratia fonticola DSM 4576 (NR 025339.1)
29 ————————— Serratia plymuthica RVH1 (AY394724.1)
———  Serratia quinivorans 4364 (NR 037112.1)
Serratia proteamaculans DSM 4543 (NR 025341.1)
60 _|: Serratia liquefaciens ATCC 27592 (NR 121703.1)
58 Serratia grimesii DSM 30063 (NR 025340.1)
E Serratia bozhouensis W1 (NR 169374.1)
66 Serratia ficaria NCTC 12148 (NR 114750.1)
33— Serratia microhaemolytica 7ZS-11 (NR 164974.1 )
L Serratia symbiotica CWBI-2 (NR 117512.1)

9 Serratia odorifera DSM 4582 (NR 114578.1)

100 Serratia marcescens NBRC 102204 (NR 114043.1)
28 I:

F3 (ON210853.1)
66 ——  Cronobacter sakazakii ATCC 29544 (NR 044076.1)
53| ——— Kluyvera intermedia 256 (NR 028802.1)
20 — Klebsiella grimontii SB73 (NR 159317.1)
46 Kosakonia arachidis Ah-143 (NR 116403.1)
S

Metakosakonia massiliensis JC163 (NR 125600.1)
El4 7 H neighbor-joining S5 E#k F3 £ T 16S rRNA EEFIIMAZLER  FHS5HFESEHX
Rk GenBank B 5555 433 EIIBUFIE bootstrap 5% KRR ZIFEE 0.005 2741 22 194 K

Figure 4 Construction of strain F3 phylogenetic tree based on 16S rRNA gene sequences using
neighbor-joining. Numbers in parentheses are the accession numbers of related strains; The numbers in each
branch points are percentages supported by bootstrap; Bar=0.005 is nucleotide divergence.
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Figure 5 Growth curve and enzyme production Figure 6 Effect of temperature on the production of

curve of strain F3.
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Figure 7 Effect of carbon source (A) and galactose concentration (B) on alkaline protease production of strain F3.
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(5) AN TR) 2 Yk X 7™ it 114 52 i)

H & 10 AT, M4AER 500 mL #EE M, 2%
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Figure 8 Effect of nitrogen source (A) and peptone concentration (B) on alkaline protease production of strain F3.
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&9 pHXE# F3 ZR4EEBQENZIE

Figure 9 Effect of pH on the production of alkaline
protease by strain F3.
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Figure 10 Effect of liquid loading on the production
of alkaline protease by strain F3.
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A BB T i R BRI A R A
HEERY L Z, R4 T KRaEiEy,
AT T AR IE R A . HeRE R 0.01,
0.02 1) ODgoo I, G SR, Kk
0.01 [1) ODygoo 1E M AL R e i .

(7) AR BV FE X 7 il ) 5%

FALENTT DL AE R I B 3 e, R R IR

HO AT B BT R 12 ATLUE Y, NaCl
5 /L I EE S ) B, BEE NaCl vk EE 1)
B, RS TR, DR A2 i NaCl
WM 5 g/L.

(8) MR Fh VA FEE X6F 7™ it 1) 52 i

BEICR AU AE YR N WA . ATP 2511

FEHA, 55T shiyE S R,
M 13 a] LA, B A B TR X
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Figure 11 Effect of inoculation amount on alkaline
protease production of strain F3.
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Figure 12 Effect of sodium chloride concentration
on the production of alkaline protease by strain F3.
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Enzymatic activity (U/mL)
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13 WAEGENIKE TR F3 RS ARSI
Figure 13 Effect of phosphate concentration on the
production of alkaline protease by strain F3.
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(1) Plackett-Burman i % % i1
% FH Plackett-Burman iR 56 % i 3E 470 14 &

%= 4 Plackett-Burman LA SR RER

I it 5 000 7 P 25 2R I 4. F1 ] Deesign Expert
8.0 FRAF AP 45 IR 2 X B bR F3 77 it 2 1 il 52
M) f1 S 2 PR SR L3R S

3R 5 XFZ BT BEME S a R el An,
[ R R F=15.12, P<0.01, £&k ] A R4
Fo ML S KHER FAHEAM, EEBEI
BT PR F3 7700 8 1 A 2 0 B
YEHE? Ay pH>F ZUAE>EE B >k e | — >4 Fh
SRR > AR, b pH L AEFLEER LN
() P {E S 51/NF 0.01 5% 0.05, X 3 AMHEE
XoF 7 B R T A A 2 Bl 2
PR BRI 3 NRZEAE N BB N T s
ZL e 5

(2) FBEMEY A5

HR A b 3 43 B 45 R 1 1 A BE e B it 56
%, k6 o, HEIMEWAE N 10 g/L. pH
Bl 8.5, ZAfbEl 5 g/L BB em, M
(336.9+3.4) U/mL , It BE PRz R E R
Box-Behnken L5 19 H .0 1 o

Table 4 Plackett-Burman experimental combination design and results

ST HERKF 30
No. Factor levels Enzyme activity
A B C D E F G (U/mL)
FFLpkE EHPE  pH Hefhm NaCl i K,HPO,
Galactose Peptone Inoculum Liquid volume
1 -1 -1 -1 -1 -1 -1 -1 333.1+£7.3
2 1 -1 -1 -1 1 -1 1 234.844.1
3 -1 -1 -1 1 -1 1 1 338.4+2.2
4 -1 1 1 -1 1 1 1 166.8+6.5
5 1 1 1 -1 -1 -1 1 126.8+1.4
6 1 -1 1 1 -1 1 1 137.6+9.6
7 -1 1 -1 1 1 -1 1 261.248.3
8 1 -1 1 1 1 -1 -1 131.6+5.2
9 -1 -1 1 -1 1 1 -1 172.4+0.3
10 1 1 -1 1 1 1 -1 233.2+10.5
11 1 1 -1 -1 -1 1 -1 331.649.1
12 -1 1 1 1 -1 -1 -1 226.8+7.8
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%= 5 Plackett-Burman L ZEEZNES ML

Table 5 Significance analysis of various factors in Plackett-Burman experiment

Kl -5 A ¥y 7% B B FAE P{E BEE
Sources Adj SS Adj MS DF F value P value Significance
7 Model 67 009.29 9572.76 7 15.120 0.009 8 ok

A 2FZ U Galactose 7 655.80 7 655.80 1 12.090 0.025 4 *

B % 1} Peptone 0.19 0.19 1 0.001 0.987 1 NS
CpH 49 446.84 49 446.84 1 78.080 0.000 9 *

D - Inoculum 112.24 112.24 1 0.180 0.695 4 NS

E NaCl 7217.71 7217.71 1 11.400 0.0279 *

F 3534 Liquid volume 359.71 359.71 1 0.570 0.493 0 NS

G K,HPO, 2216.80 2216.80 1 3.500 0.1347 NS
24 Error 2533.26 633.31 4

S Cor total 69 542.54 11

Note: *: P<0.05; **: P<0.01; NS: Not significant.

(3) Box-Behnken 55 [=] 43 #r

e 2 FLE L pH AN 3 MR Z
A BAEH, 47 = RZR =K B L 1 ik
55, Hafge 2= KoK L3 7, Box-Behnken it
BB 7 58 K e g 4 R WL 3K 8, Bl ] Design
Expert 8.0 FF AT A 70 #r, 452R LR 9.

*6 mEEMCKSIIRIT RER

Table 6 Experimental design of steepest climbing

SIS AkFME CpH  ENaCl G
No. Galactose (g/L) Enzyme activity
(g/L) (U/mL)

1 25 10.0 6.5 286.315.3

2 20 9.5 6.0 304.5+6.7

3 15 9.0 5.5 328.1+5.1

4 10 8.5 5.0 336.9+3.4

5 5 8.0 4.5 301.2+7.2

&7 WNESRERERERKFE

Table 7 Response surface analysis test factors and

levels

HE 7K Levels

Factors -1 0 1
A FBE Galactose (g/L) 10.0 12
CpH 8.5 9
E NaCl (g/L) 5.0 6

Z#&= 8 Box-Behnken iz

i

TTRER

Table 8 Box-Behnken experimental design and
results
S5 4KFME CpH  ENaCl  Ji§ih
No. Galactose Enzyme activity
(U/mL)
1 0 0 0 335.4+8.1
2 -1 -1 0 310.9+£2.3
3 0 -1 -1 309.4+1.6
4 0 -1 1 316.3+£3.9
5 1 1 0 321.545.2
6 -1 0 -1 289.5+6.3
7 -1 1 0 287.5+£2.8
8 0 0 0 336.2+1.1
9 0 1 1 301.2+3.7
10 1 0 -1 320.7+2.9
11 0 0 0 339.1+4.1
12 1 0 1 319.242.3
13 1 1 0 326.3+2.4
14 -1 0 1 299.2+46.1
15 0 1 -1 289.5+£2.7
16 0 0 0 333.844.6
17 0 0 0 334.2+4.1
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Table 9 Box-Behnken test regression equation and analysis of variance

P -5 A ¥y H B F{H P1H &M
Sources Adj SS Adj MS DF F value P value Significance
A Model 4 884.73 542.75 9 101.43 <0.000 1 **

A kF B Galactose 1265.04 1265.04 1 236.41 0.000 1 o

C pH 499.28 499.28 1 93.31 <0.000 1 **

E NaCl 89.78 89.78 1 16.78 0.004 6 **

AC 86.49 86.49 1 16.16 0.005 1 **

AE 31.36 31.36 1 5.86 0.046 0 *

CE 5.76 5.76 1 1.08 0.3340 NS

A* 470.42 470.42 1 87.91 0.000 1 Hk

c* 781.07 781.07 1 145.97 <0.000 1 Hk

E? 1367.24 1367.24 1 255.51 0.000 1 Hk

5% 2% Residual 37.46 5.35 7

2K Hl Lack of fit 19.71 6.57 3 1.48 0.3472 NS

4l 7= Pure error 17.75 4.44 4

S Cor total 4922.19 16

Note: *: P<0.05; **: P<0.01; NS: Not significant; R?=0.992 4; AdjR*=0.982 6; PredR’=0.930 3; CV%=0.73; Adeq

precisior=27.796.

M 9 nl A, IXBIRIE P H/NF 0.01, B
W R A B A A v S 2 s R P
0.3472>0.05, AN, UERASCIRZE/N; MHCR
KRN 0.992 4, ULHIA 99.24% % ] LUFIZ
ARG E ;3 785+ 228 (coefficient of variance, CV)
{H°H 0.73%<10%, LI =y a1 75 F2 AT AR 4F
i AR SR T T . 25 A e SRR, 2k
FLBE . pH. M — I I B 0 APk B
1 T 174 ] DA 7R 52 i % 8 2 (P<<0.01) o 7L
WA B A pH (P<0.01) %5 ik 25 11 16 1l 5 0 1Y)
EH WM R, 2 FURE R B AR I (P<0.05)
Xof B B 1 T S SO B 5 LS ) R 5, R
1 pH (P>0.05) % B 28 11 il il 175 S8R 19 A8 HL 52
M)A 2.3

F|H Design Expert 8.0 Xz A 1T
Ay, A3 AR R=335.74+12.584-7.9C+
3.35E+4.654C—-2.84E+1.2CE-10.574*~13.62C*—
18.02E%, 4 [H 2 58 HAE FAX =itk 26 11 G
1) 1 TAT P AN A = R A 1] 14 BT

243 EHEFHBEHHESWIE

i Design Expert 8.0 #4535 Hr vl Hl A3 /)
FEEE S N EFLBE 11.09 g/L, pH 8.4, hpE
5.04 g/L, M 20 g/L, R 0.01 Y ODgoo,
IR 4 10 g/L, FEW N 150 mL/500 mL,
BEFRIRE 30 °C, 5 IR A 48 h, HH I Y & BV
Wl PR R AR T ) PR e T (E AT ik R
340.02 U/mL. P SAF#EAT T 3 4 PAT55 5,
PGB EE H#(339.36+4.3) U/mL, Frili54k (i
7 RS T 19 99.81% , d B 1260 ] {5 5
FFE U SR 45 R
25 RELEERSHN

A B X R B, WS Serratia
marcescens [¥) Periplasmic serine endoprotease
DegP-like (PSEE)VC it ¥ 4 5, 7 1 AHARLBE 3k
452%, VEECARSrM 66.12. ZE MK ID &2
AOATL6QLX1, #HXt43F it A 47.4 kDa, 5H
RN 9.08, B 15 SHIEMY RS S E T, 4
R AR FOR TG PSEE DERC Y ARk E .
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A B Enzyme activity (U/mL
R 9.00 y _W( )
=
E
=) 8.80
2
E 8.60
5 e
p S
E 8.40
3 12.00
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8.00 : -
8.00 9.00 10.00 11.00 12.00
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< &

= ~12.00 4.50

11.00
5.00 10.00
E~N(:11,4'504008009'00
- NaCl(g/h) U2 Ar Galactose (g/L) 4.00 R
8.00 9.00 10.00 11.00 12.00
A: Galactose (g/L)

E F Enzyme activity (U/mL)
2 340
5 330
= 320
2 310 3
Z 300 )

2 290 =
v 280 )
g Z
E 6.0 00 a
= 8.80"
5.00
4.50 8.20
E: NaCl (g/L) 4.00 8.00 C: pH

8.00 820 840 8.60 8.80 9.00
C: pH

14 FRRXEEAMNBMEEOBEEZNNMNEMNNEFSLE A B: LI pH L H
AR FH X T 5 0] 1) ) 1 T8 R0 I S R 2R s CRT D 2R ZUARE AT NaCl A2 B A X T8t T 532 0 £ 0 7 T80 1 %
PAF R s E R F: NaCl Al pH 2 BAE XS P 52 0 FR ey 1 T AR 107 56 g 2% ]

Figure 14 Response surface and corresponding contour map of the interaction of various factors on the enzyme
activity of alkaline protease. A, B: Response surface and corresponding contour map of the effect of galactose and
pH interaction on enzyme activity; C, D: Response surface and corresponding contour map of the effect of

galactose and NaCl interaction on enzyme activity; E, F: Response surface and corresponding contour plot of the
effect of NaCl and pH interaction on enzyme activity.
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MKKKSLILSA  LAMSLGLAFS AVPVANAALP VAVQGQPLPS
LAPMLEKVLP AVVSVHVAGT QVQRQQLPEE FRRFFGPNFP
GQQQSSRPFE  GLGSGVIIDA AKGYVLTNNH VINNADKIRV
QLNDGRELDA KLVGRDEQSD JALLQLSDTK NLTAIKMADS
DQLRVGDFAV ~ AVGNPFGLGQ  TATSGIISAL ~ GRTGLNLEGL
ENFIQTDASI NRGNSGGALV NLNGELIGIN TAILAPSGGN
VGIGFAIPSN ~ MAQNLSQQLI ~ EFGEVKRGLL  GIKGSEMTPD

MAKAFNTDAQ RGAFVSEVLP KSAAAKAGIK AGDILVSVDG
KPVNSFAELR AKVGTTAPGK TLKVGLLRDG KPQEVSVTLD
NSESASTNAE  TLSPALQGVS LSNGALPSGD KGVKVENVDK
GSTAAQIGLQ KGDVIIGVNR QRVDSITALR KVLEAKPPVM
ALNIVRGTET IYLLLR

15 SEMYIRRIEEERFT
FoRIEYEYI RS PESS VUL 6 Ik BE

Figure 15 Active substance mass spectrometry
identification sequence. The part in bold red indicates
the peptide that matches the active substance with
PESS.

3 iwEE#

A5 R A e T 10 T DL 2K IR G R b T
X BB £ 1 I 7 T R AT T 2R A s
TN E S, AR T — R R RS
(153.78+2.5) U/mL AORL VDB TG . I FHER R 2R
AW A B, X A I Bl £ 1 il
ST T AL, PO B Rt ™ B 2R 1
LB 11.09 g/L, pH 8.4, £hJF 5.04 g/L, &1
20 g/L, EFPaE 0.01 f ODg, BEERE 4 10 g/L,
$EW o 150 mL/S00 mL, B3R 30 °C, 1%
IR0 48 ho AL SCIIGUE, B IS 1A
(339.36+4.3) U/mL, BAifbaidm 17 2.21 5.
¥ F3 WU WIS J& Bacillus weihenstephanensis
ZJ1502 F) 3.78 1%, Aspergillus sp.Ff) 1.56 15
Bacillus subtilis W1 1) 4.63 f5. HALJG B HE
R T Aspergillus sp.. Bacillus subtilis GA
CASS8 . Bacillus subtilis W1 1 Jeotgalicoccus
sp.o FHULAT UL, BERE F3 P=0td 2 AU RE 1 & &
WO A 35 SR A TR AR > e A 3o

K v TQ I F3 7 Bk 2 B RE ) B0,
7 % P B S B e, EL M A 17 P s 2
P =2 LALE B i Bbr. JRE T RSB
aiifl HAREE, X W TR ST

NGRS D
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