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Isolation, identification, optimization of enzyme-producing
conditions and enzymatic activity of a feather-degradable
Pseudomonas aeruginosa strain
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Plant Resources and Utilization, School of Marine Sciences and Biotechnology, Guangxi University for Nationalities,
Nanning 530006, Guangxi, China

Abstract: [Objective] The aim of this study was to screen keratinase-producing strains from marine
environment, investigate fermentation conditions and enzymatic properties, so as to provide strain
resources and theoretical basis for the subsequent development and utilization of marine microbes to
degrade feather waste. [Methods] The sludge from a marine duck farm in Beibu Gulf, Guangxi was
used for bacterial isolation, and the strain with efficiently feather degradation ability was obtained by
casein plate preliminary screening and keratinase activity re-screening. The strain was identified by
morphology and molecular biology, and the enzyme-producing conditions were optimized by
single-factor and orthogonal experiment. Finally, amino acid composition of feather degradation
products and enzymatic properties were also studied. [Results] A strain of efficiently degrading feather
was selected and identified as Pseudomonas aeruginosa Gxun-7. The optimum enzyme-producing
conditions: feather 25 g/L, Zn*" 0.10 g/L, initial pH 8.0, fermentation temperature 32.5 °C, fermentation
time 48 h, and the keratinase activity was 124.03 U/mL which was 2.3 times as high as before
optimization. The analysis of enzyme properties showed that the optimum temperature was 70 °C and
the optimum pH was 8.0. In the chemical reagent, mercaptoethanol could enhance enzymatic activity by
6.16 times, while phenylmethylsulfonyl fluoride (PMSF) decreased its relative activity to 15.00%. And
it had excellent salt resistance (the relative activity in 20% NaCl retained 74.29%). There were 16 kinds
of amino acids in the feather degradation products, including 7 kinds of essential amino acids. The total
free amino acids content was as high as 2 329.80 mg/L, and the highest valine content was 575.89 mg/L.
[Conclusion] P. aeruginosa Gxun-7 from marine environment had the ability to degrade feather keratin
efficiently. The alkaline keratinase had excellent temperature and salt resistances, which had potential

application value.
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Figure 1
degradation of feather by strain Gxun-7.
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Screening of strains. A: transparent hydrolytic zones of different strains on the casein plate; B:
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Figure 2 Morphological characteristics of strain Gxun-7. A: colony morphology; B: optical microscope

image (100x); C: electron microscope image (3.0X104X).
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Table 1 Physiological and biochemical characteristics
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Test items Results
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Fructose +
Mannitol -
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Rhamnose -
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Aesculin -
Tween-80

VP
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Nitrate reduction

+ o+

Urease -

+

Oxidase
Benzazole

+ : positive; —: negative.
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100 [ Pseudomonas hydrolytica strain DSWYO01T (MK248116)

100

71

100 |

0.005

60 —L Pseudomonas mendocina strain NBRC 14162T (BBQC01000018)
Pseudomonas oleovorans subsp. lubricantis strain RS1T (DQ842018)

— Pseudomonas oleovorans subsp. oleovorans strain DSM 1045" (NIUB01000072)
Pseudomonas alcaligenes strain NBRC 14159 (BATI01000076)

Pseudomonas stutzeri strain ATCC 17588" (CP002881)

Pseudomonas otitidis strain MCC10330" (AY953147)

65 356 Pseudomonas aeruginosa Gxun-7 (MW579860.1)

100 ' Pseudomonas aeruginosa strain JCM 5962 (BAMA01000316)
Pseudomonas humi strain CCA1" (LC145037)

99 Azotobacter bryophylli strain L461" (MF078077)
70 { Azotobacter chroococcum subsp. isscasi strain P205" (MK567896)
99 Azotobacter chroococcum subsp. chroococcum strain IAM 12666 (AB175653)

Pseudomonas nosocomialis strain A31/70" (QLAE01000067)
| Pseudomonas furukawaii strain KF707" (AJMR01000229)
Pseudomonas mangiferae strain DMKU BBB3-04" (KY290607)

B3 ET 16S rRNA £ R FHIHEMEK Gxun-7 R % B K

Figure 3 Strain Gxun-7 phylogenetic tree constructed based on the 16S rRNA gene sequence. Numbers in
parentheses represent the sequences accession number in GenBank; numbers at the nodes indicate the
bootstrap values on N-J analysis of 1 000 resampled data sets. Bar 0.005 represent sequence divergence.
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4 P.aeruginosa Gxun-7 ;=g ZH 911k
Figure 4 Optimization of enzyme-producing conditions of P. aeruginosa Gxun-7. A: effect of feather
concentration on enzyme production; B: effect of temperature on enzyme production; C: effect of initial pH
on enzyme production; D: effect of carbon source on enzyme production; E: effect of nitrogen source on
enzyme production; F: effect of metal ions on enzyme production; G: effect of Zn*" concentration on enzyme
production. Error bars in figure represent standard deviation, and different letters indicate significant

difference (P<0.05).

*2 EXABAZRKFRIT

Table 2 Factor and level table designed of orthogonal

%, (AR B AT 4ERF7E 60% LA E o i r] 0L,

experiment 20 °C
Factors ©
Levels A B C D 242 mIEERA pH
T/°C Feather/(g/L) pH Zn**/(g/L)
32.5 20 8.0 0.05
35.0 15 8.5 0.00
3 37.5 25 9.0 0.10

Bl R RS W), AoE AR R E

i 5B s, ixBEE pH %5F 8.0 B, £
B TS P & o 77.63 U/mL; pH K Tai K T
8.0, EEIGIIMEME; 24 pH N 8.5 W, HMIEFMK

http://journals.im.ac.cn/actamicrocn



976

Yang Mengying et al. | Acta Microbiologica Sinica, 2022, 62(3)

*3 EXREER
Table 3  Results of orthogonal experiment

Number A B C D Kefat.inase
activity/(U/mL)

1 1 1 1 1 119.60+1.70

2 1 2 2 2 97.85+4.06

3 1 3 3 3 118.57+8.87

4 2 1 2 3 113.36+15.14

5 2 2 3 1 111.20+3.14

6 2 3 1 2 98.11£13.75

7 3 1 3 2 64.56x11.28

8 3 2 1 3 105.89+10.46

9 3 3 2 1 101.20+8.35

k, 112.00+12.26 99.17+30.14 107.87+10.88  110.67+9.21

k, 107.56+8.25 104.98+6.72 104.1448.16  86.84£19.29

ks 90.55+22.63 105.96+11.03  98.11+29.29 112.61+6.37

R 21.45+12.26 6.79+11.03 9.76+10.88 25.77+6.37

Primary and secondary orders D>A>C>B

Optimal combination A, B; C, D,

Fd4 EXREHENH

Table 4 Variance analysis of orthogonal experiment

Source of variation Square sum Degree of freedom  Average of variance  F-value P-value

Calibration model 6 692.29° 8 836.54 9.04 0.00

Intercept 245 744.49 1 245 744.49 2 656.81 0.00

A 1925.39 2 962.70 10.41 0.00"

B 189.84 2 94.92 1.03 0.38

C 428.53 2 214.26 2.32 0.13

D 3705.95 2 1852.97 20.03 0.00"

Error 1 664.93 18 92.50

Total 296 862.13 27

Corrected total 8357.21 26

**: extremely significant level of 1% (P<0.01).

7E Tris-HCI *PIEHE MR T Gly-NaOH; 4 pH BRI R MRS .

9 10.0 B, AT3R 82.74% A i P o i T L,
MY B VR pH o 8.0,
2.4.3  NaCl K& X B & B 5210

WK 5C frn, 24 NaCl ¥JE S 1%0, %
it () T Fe =g - 77.90 U/mL; NaCl KT
1%, WIS T R MEERTE 20%09 NaCl ¥k
FE, ARG A E] 74.29%. HILAT L, %

P4 actamicro@im.ac.cn, 7 010-64807516

2.4.4 ARG X BT B R

WE 5D R, 1ZEEXT DMSO FlS R EEAS
R, X EdE O RER LR, S MR AR S L
6.16 £, X% 360.09 U/mL. SDS %} i 5%
A%, EDTA £ 82 HEOEIER, FHXT
Tk F) 137.33%. 1 PMSF A & & i/ i
AERT S AR 15.00%
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Figure 5 The enzymatic properties of crude enzyme. A: optimal temperature; B: optimal pH; C: effect of
NacCl concentration on the enzyme activity; D: effect of chemical reagent on the enzyme activity. Error bars
in figure represent standard deviation, and different letters indicate significant difference (P<0.05).

2.5 PEREBEMTFEREER D

R S5 RATLIE P, aeruginosa Gxun-7
PRI R 16 R & 1R, B
KF 2 329.80 mg/L, LT H AT SCRkRIE ),
T R AR B AR 5 iU 16.56 mg/L.
16 Fhad FLm AT 7 B il 2 BE IR (4 24 IR A&
WNEIR . SCAMR . i R . AR, B
PRI R, o i B R T E
67.88%, H:H 4Rz R &t o~ 575.89 mg/Ls
R, WEE P. aeruginosa Gxun-7 3B R
AEMRETEFE, HZHOTAKER, fEadkk
M2 A7 HLIE A0 3h P )RR 17 o JF R T TR B
R¥ET1.

3

H i SCHR 8 A% P B bR O |
WL R S, B R RO R . e
WENRBURE, MR EFERMERHE, H
T E R AR R A 5y SE RS 55, (f HAE
etz B — g Rl . A E HA 5 R 5E . AR
W ETHAC AR, Z B R A Iz . H
H i 2 A58 T 558 B TCAE 10 R 22 2R 15T il A
B, WA IR AR R R 5% MR
YK A TER i P85, BHIE L T Z R R
ZA ] i IR W 7/ 1 1 T I SO s -4 1 3.0
IR SE NV MG, A Chellappan 25 MR FE IR IS
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x5 PERBEDHEDLERMS
Table 5 Free amino acid composition of feather
degradation products

Content (mg/L)

Free Not B. licheniformis

L B. 7
amino inoculated P. aeruginosa BBE11-1 pumitus

acid  with Gxun-7 (48 h) S. maltophilia RK 23]
bacteria BBE1L1(48hﬁ”ﬂ48h)
Val 098 575.89 207.51 231
Phe 045 361.37 183.73 0.00
Leu 0.00 257.93 126.61 0.00
Ile  0.00 232.88 72.96 15.00
Ser 1.04 134.43 14.61 9.84
Gly 0.59 114.36 14.34 7.61
Asp  0.40 107.13 15.55 1.46
Glu 1.50 88.01 20.19 2.23
Hypro 8.50 87.57 0.00 0.00
Thr  0.00 78.58 15.74 0.00
Cys  0.00 67.46 0.00 0.00
Arg  0.00 66.53 22.13 3.55
Ala  1.12 61.50 10.05 0.69
Met  0.00 54.07 0.00 7.24
His  0.00 21.30 0.00 0.00
Lys  0.00 20.79 20.94 10.81
Tyr  0.00 0.00 171.53 0.00
Pro  0.52 0.00 0.00 0.00
Total 16.56 2329.80 895.89 60.74

4853 Engyodontium album BTMFS10, 1% B
MRy A 1Y) 22 AR AR i 2 T2 iR EE A pH
i 3244230 AR 5% DIV IR 45 40 8 B — Rk ik
B 1B P. aeruginosa Gxun-7, 43X} & ¥
SAAR KB, 3P B R i o 7R b O AN 0
TR S R, TR KT R BERUA, RAL)S B
WA 124.03 U/mL, HALAbETEE M T 2.3 £,

P. aeruginosa | IZAFAE B AR P& FIOAEE,
4 KRR AR N o (H H T S A 2
YN E RIS EBORTR , 5 25 M AR
WYY, HAT A FARA I 2 m 24P,

D] LG X 32 TRT R BT 5% = 82 A v o 25 1 38003 1 A i
ML, o A [ IR e 5 A0 R A PR

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

F# k& PAO1, LESB58 Il UCBPP-PA14 5% 1545
TR AR, A A TR A 7 S e fi
WS R TR BN R GH:, — RV HA R
GFERTIE 1P AT IR ARDT PR R A DV A
FIR 0] P T B 22 0 0 B RIS E © BRI 2 S5 DA
S E IR BB —Fk P. aeruginosa B1-2,
PREEA# 48 h )5 AEAREYE N 60.3 U/mL, M
E % fig %N 85.7%°Y; Chaturvedi % Xt P.
aeruginosa SDS3 WIRRIE . AU M P B BT
Ak, tRAL)S f 2R TGS R 15.40 U/mL!, A
AIF 5T ARAT (14 40 2t Al P B T 2 1 T H T SR
KT IZE R IE , 575 &2 e Bom
Ao J 30 IO T A P 9 TR PR E L A R S
A S P A R A 2 R AR TR vk, X%
PRI AR T AR S0 A DG BE DR EA T R B L BRI B0
PEFNANMLEEPE s B0 o B P TR T B il R A
HCAf il 0 BE DR R PR, ) T G
PRt m M E O RERRE S, WEFEP T
TR ik S k22 4 PR B

H i 8 A A A di TRl 40-70 °C,
& pH K 7.0-9.01%132 K5 P. aeruginosa
Gxun-7 I f 8 F BRI I R 70 °C, &b
pH 2 8.0, 5 HHFISCHkEZRML. HixMEN
ity AT B B i R 1 L 72 20%59 NaCl H AR X i
A IREF 74.29%, 5 TRMEA I SF B 1) SWIS33
AR AR A (47.53%)Y TR T IR
RARFVEIREL , B 201 B9 AR 4 1 A I E A
b AR R R TR Y R ER PR Ak AR PMSF
o 22 53 R EE RN R, %A S AT Rl
SEREANR, A B AR 15.00%, Ul W% s
T 22 G R FE 11 , 3% F Tatineni 25 () iF 97 45 B
—H, RZEMEAM A # EDTA M, 40
Zhang ZEMR B WY Brevibacillus parabrevis CGMCC
10798 ff1 2 1 JLF- A it 22 EDTAPY | A8 5¢
ZERIE S Z M, EDTA X6 A G E R
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AT EETE IR B 2 137.33%, ViU EEAY 1 M rp
OATRETL &R &+, BRI N5 i — 2o
G B-5i Bk £ MR A AR e M R AT B R
fEHEAER, AT RIS R4 6.16 5, XS5 KRZE
B oA RL, o4 B-#iE L BERES WA A 2
FIRERY i, B ARAR R A, DA T A
B K TG DY AN, A R LA B
RGN SDS fA7E N HA B ErE, B
IEAR S E 110.02%, XRIH TR B 7E VR
I T ELAT R Y B 0 IS o

PIBE A YRS 0P b AR KR
B EIRR . ZHERIE, R B. licheniformis
BBE11-1 Fl S. maltophilia BBE11-1 R4 K Bt
B, FERY R 5 895.89 mg/L,
TGO IR . RN SR A R
Ramakrishna 25 F) H B. pumilus GRK [#f# & ,
Hi=dyh Z BRS8N 60.74 mg/L, FEEIE
(PSR RN AN RN R N A N ) ST
P. aeruginosa Gxun-7 ) [ A 7= ¥y L B &
LR & iR 2329.80 mg/L, T H AT SCHERRIE
RS r= gy LRI 2] 16 A s & LR,
7 FhLTE AR, FEASMR N AR . S
M. RNEAMRM T AR, 530 E 45 2R R
AARIF X BA [ B 3 0 7 A 8 o 2
PEBIANIR], Xf BEIVE AL AN TR] DT 5 3500 25
IR AR B AR, K, P. aeruginosa
Gxun-7 Pl LFEM Y ASLRF L £ 5 S,
TE T G RS 0 550 Fn 2 B IR AE 7y T A BLR
B,

4 i

ABIESE AT VG AT T T G 5 5 7 9t e
Wt — Rk RCH B, 2B R K
DFHEY) IS E N P. aeruginosa Gxun-7, 1% [ Pk
M= i Sk . BB 25 /L. Zn* 0.10 g/L,

Ik pH 8.0, ABEIRE 32.5 °C, K} [A] 48 h,
£ 85 T 1% 53k 124.03 U/mL, B 0L iR & 7
2.3 % BB AN 2 d R E O, HA T
Tk TEEER L W ORAEREYE s X BRI B R
WEBERMELE, SiEm. AR RINSREIE
F2 1B Y A BAR G RDRE L IR il A 25
SE A, T AR T AR TR R R R R A R e
A
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