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Screening of a keratinase- and amylase-producing strain and
optimization of its fermentation conditions for enzyme production
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Abstract: [Background] Keratin is an insoluble protein ubiquitous in animal feathers, hair, and
hoofs (feet). In the fields of animal husbandry, livestock and poultry slaughtering, meat
processing, leather processing, and wool processing, a large amount of keratin waste is
produced, which poses a threat to the environment while being an important source of protein
feed. [Objective] To isolate microbial strains producing keratinase from chicken feathers and
study their keratin-degrading ability. [Methods] We employed the hydrolysis circle method in
skimmed milk powder medium for preliminary screening and determined the keratinase activity
of chicken feather in the liquid medium for rescreening. Additionally, we used the amylase
screening medium and liquid fermentation medium to investigate the amylase-producing
activity of the strain. [Results] Strain CX-2 with a high yield of keratinase was screened from
36 bacterial strains isolated from chicken feathers by flask fermentation. The strain was
identified as Bacillus mycoides by colony observation, Gram staining, and 16S rRNA gene
sequencing. The fermentation conditions were optimized by single factor experiments. The
optimal fermentation conditions of the strain for enzyme production were as follows:
fermentation in a 250 mL conical flask containing 100 mL chicken feather liquid medium and
3% inoculum at 30 °C, pH 8.0, and 120 r/min for 36 h. Under these conditions, the keratinase
activity of the strain was up to 274.327 U/mL. In addition, the strain produced amylase with the
activity of 0.807 U/mL. [Conclusion] An active keratinase- and amylase-producing bacterial
strain CX-2 was discovered from chicken feather waste. The results of this paper provide a
theoretical basis for further studying the keratinase and amylase of this strain and their
application in keratin waste degradation.

Keywords: keratinase; Bacillus mycoides; strain screening; fermentation condition optimization
for enzyme production

A 25 [ (keratin) & — R EZ W Y E M i,
T AFTET NS R . BA . B )
PEHEAHA DY, FEHFEFRAMBEFE . WEM
ML BT, PLRAEBY SN T A
Firp, SR REWNEIY . B BESEE S
MEAREFY BT HEARSONA BRI
XL E I ARAT B 5 4 9 DS AR . A
TR BANE B T B AIR 2, IR 23l R IR

[ , R FR M B P EF Y #EA A RIS,
Al BB S R A s el R, i
Gi e S HANR 7 A 2 T ) AR R R
A8 R — R R L SR T

A RS — 2R TR M A e, a)
MFAEARSTY A, KA, EA
it SRR T A, R A R R
(Bacillus)!"! | 1/ 5 fitd 14 J& (Pseudomonas) ' & i

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



PR AE S5 | RO e by I 1) 7 A B R T R D 7 a2 % 7 i 2 A R Ak 2061

R QT4 J& (Nocardia) A8 40 T2, T M\ H i 4
2 1A 7 fA 2R TS R (Y B R

A8 UG A T T NS OE M2 Z P IR [ R
s, W pH {H. BE . £EE %, R
A, HREC B AR R S R RS
M, JEEEFERIR PR E. B, kA
ZEFRAT IR A9 R S8 A 8] R 7E pH 9.0-11.0 FlE BE
50-70 °CyE Fl N R B miE I, gbdh, Ca®t,
Mg 554 @ B 1% M 8 R RSO M I
M, 1 Pb*". Hg* % &)@ B X HigE A 7
HVER

R AR —E, W TR
ME. kESESMEANEFTY, HELIER
A F R SR B A0 AR A R LR R
TEEFAYEA N ERM D AR A
FE ARG TR e, R
BB FAE g b ik kgt , [RIES 3 HIR8E
55 0 U ORI FH i e A

UTAEAE , KX & 3 77 5l 5 PPk
B, W T g ek, 52
PRSP BERFFY RSN, A T s n]
K & P E A P IR, A SO B
BB AR T T iR A ATl
1 HBP5FE
1.1 &

36 MR AN PRI T AL R = . WE
A Sk K 34 b IX SR X8 1 5 37 WS P B
1.2 EHxE

JBNE WA 1% 37 2 5 2 SOk [ 161 BE 1, 4 B
)R e TS N PRI NG S Y RN IN
FREEII S SCER1 7L, LB [ AR R A8 57
FEFE 225 SR IS THC Tl , T Ao Tl 07 3k [ 4 1% 5
IR AR Sz 1 155 3% L 29 2525 SCHR[19] B
1.3 FERFIFLEE

B CY B &, H S A YR
HIRAF; ALK ZH DNA B Bo50 £,
ETAEY TREREE RO ARAF; 3,5-fifk

KB . Tris-HCl R . —RA LR, H
B 2 s R A AR R A BR A )

LHM R, AR (i) A BRA
Al BRTAES, RS2SRk A IRAF
BEREN TR, TR At
W AEE, RRERIIEHOP E)ABRA A
Eppendorf B #f, SUATEMLA 24 Fl; Thermal
Cycler PCR 1, FEBR CH/RBHEAF; &EZE
RKH %, Tomy Digital Biology /Al ; fHIE#E
R, bt 2R AR AR EIRKIEH, b
TG B LA A R A H]

1.4 FAREPEEKETGE
1.4.1 [BEREFEITE

W5 AR 20 T TR PR 20 T AL B 5% S B R T 3P
BAE IR b, T 25 °CHi3% 48 h, Pk 4=
7K fie P ) TR R B 2 28 DL I A 85 SR S kA T
aifb iR, BRI,

142 RINEHFEEF

¥ 1.4.1 P EAREEAP 254G 25 mL XS
fREEFRIEN) 250 mL #EIE i, 25 °C. 150 r/min
PSR 12 h, HlSF P BEIS, KRR
1% A BRI & 25 mL AP A ks
FRIEM) 250 mL HETEI R, 4k2E 25 °C . 150 r/min
R g% 24 ho KB4 8 000 r/min 250> 15 min J5
FH IR i 1 8 4R U8 A ML, FFF 4 °Cik
IR
1.5 AZEAEFEONNE

i 15 1 I E 2 BREE B ) PO vk, O
HEATIE A& BRSO B 2 mL Tris-HCI
SRR, WA 20 mg WEH KA 1 mL
s BE(LO fi) MLV, T 50 °CHE 7K ¥ B i
50 min, 7EUSLHHME], BF 15 min 8% 11k, DL
WA BN FE 43 EA T o SO 485 5, A 2 mL 10%
A9 =& £ R (trichloroacetic acid, TCA)% K PAZL
1ERON o ARG B A B R X B . B, FF
FLWRAE 8 000 r/min 2.0 15 min, B FIEH,
FEE R RS AT WL S BE T AE 280 nm b A2
W

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



2062 (YIS Gk

Microbiol. China

— NS B UYE SO - 7EJE K 280 nm
T, e X R A B i 0.01 WOB{E T
J1 U TR 3 RECEFYE, #aN)it
BE AR AR S )

85 S =
5nx(OD ix4—OD xma1)/(0.01%50) €))

Horp, B A AIBETS S 507 U/mL, n oA
B I FR RS H, 5 MW ARFI(mL), 50 4
SN B B (min)t 4
1.6 EHHLERE
1.6.1 EESHFLE

FHH T 2Bk B2 49 0 0 5 0 2 0L S TS
T H TR PR CX-2 $56FP 3] LB B IR 3 I, 78
25 CCEMF T AT AR R 57 24 h i, ISR TR
VIR S FRE, IFam a5 2 QL (A 7 78 1 il s
TSN B BB A S5
1.6.2 DFEVNFEE

KRR CX-2 #2813 LB MREE 3R,
30 °C. 150 r/min ¥E3%53E3% 12 h, i 40 B8 5
(K20 DNA PR $ B & $e OE [ 41 DNA,
F& 1.5%I e BHEE R LUK, 2% RS R 1S
T TSR LR 2 DNA TAEW . 22 30k [21]
47 16S rRNA JE[H ) PCR P 1S, 514°8 27F
(5'-AGAGTTTGATCMTGGCTCAG-3")Hl 1492R
(5'-GGTTACCTTGTTACGACTT-3"), PCR & Jif
K Z (25 puL): 2xAccurate Taq Master Mix 12.5 pL,
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Figure 1

The transparent circles produced by tested bacterial strains on skimmed milk medium.
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Table 1 The ratio of transparent circles to colony
diameter and corresponding enzyme activities
Strain Colony  Diameter of Specific Protease
screening  diameter transparent  value activity
number (cm) ring (cm) (U/mL)
CX-1 0.62 0.72 1.16 114.760
CX-2 1.23 2.21 2.02 165.400
CX-3 1.42 1.82 1.49 150.820
CX-4 1.04 1.22 1.17 122.830
CX-5 2.36 2.53 1.07 111.630
CX-6 1.61 1.72 1.06 101.760

222 EHRHDFEYMEZELEEER
HEPE CX-2 25 16S rRNA X PCR §"'51 &

D NN B e H VKR, ARASHCE A 1 500 bp A2
F AT, e T AR TR (TR By A BR 2 )
M, A5 AR CX-2 #9168 rRNA LR KN
1501 bp, @it GenBank BLAST # & It xf, &
PR CX-2 5 AR ZFFRFT 14 (Bacillus mycoedis)
NR_113990 FAHMLZEIE 100% (K] 3). BIL, 45
BRI ZERHE, Kbk CX-2 % WEDRZF
FRFF P,
23 IMREHXEMHKTAEBEEIEMR
Al
2.3.1 IEFBTEIXTE AR B E MRS
PR CX-2 WA 8 ™ A BB ) 32 35 R ) ]
() S22 2R (P<0.05) (B 4) . T2 B RRI Pl 16 P A2

PR i85 75 B[R] ZE K T S e s D B, 7
Ki9% 36 h B, BTG Mk B0EAE , A 257.002 U/mL.
M 48 hie, WL EIEEE T4 T R, 755 60 h
I35 B A (175.270 U/mL) ., 23 Hr LA, S A
b R R T A RE R, 5 R P 1B R
B THAE L IR A 3 2, T F 3
il AT
2.3.2 FERNEKEEMERE

FEARIFE R G BT, kR CX-2 17 il
TE PRI B 22 5 (P<0.05) (K1 5). %L
PE N, YRR 3R E N 120 /min B, %R
PRI 7= B M IR B 0E(E, & 193.337 U/mL. 15
B, 0 DRI o 1 1 v sl AR AR R T R Bk CX-2
) 2 T ™ A
2.3.3 EMEXEKSTEEE MR

PR CX-2 B 7= g P 32 e Fh i i 52
SEI ) I e 1 i S S D (] 6).
TEAEANEL R 3%HT, I DA AR 0 )™ B 1 1K B A
B, N 186.426 U/mL,
2.3.4 pH XHEHFEEE AR

ASTA] pH B T R CX-2 ARG P 7= A2 T #)
R 3B BRI (P<0.05), WNIE 7 7R o 7E pH 8.0
FIZAET I AR A S PR 38 B dRe = KT, R
274327 U/mL. #&1f, 4 pH ELT 5.0 & T
10.0 B, BEAR B S M 5 E BRAR, 3 2 B AR i
PR B PR AN F TR R CX-2 577 BT 1

2 B CX2 ERBTMEFRE LNERSEZRREUE A WAFIRQ d); B: HiFRET (6 d);

C: HEERPEUWE,

Figure 2 Colony of strain CX-2 on skimmed milk powder medium and Gram staining observation. A: Scratch
culture (2 d); B: Culture colony (6 d); C: Gram staining observation.
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Figure 3 Phylogenetic tree of strain CX-2 constructed based on 16S rRNA gene sequence. The number on
each node represents the bootstrap value (1 000 repetitions). The serial numbers in parentheses are GenBank
accession numbers. Scale 0.005 0 represents sequence evolutionary branching differences.
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Figure 4 Enzyme activity of Bacillus mycoides
CX-2 at different incubation times. Different
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CX-2 at different shaking velocities.
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Figure 6 Enzyme activity of Bacillus mycoides CX-2
at different inoculum volume.
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Figure 7 Enzyme activity of Bacillus mycoides
CX-2 at different pH values.

BT 30 °Caifik T 30 °CHf, FREETE I T %,
UNAE 15 CH =B 5 P A% (134.520 U/mL). %
TR PR £ A 1 T TS M 2 2 TR T B R M 4K
2.4 FEEMBEEEM

PR CX-2 43R T Ay I O 1k [ A s o 5
FF 28 °CHiFE 3 dJE, 4 0.1%Mm-R L A TR
et Jk BUAE R VK A I A A RS, i AR
SEIEAE 9), ERFWHR CX-2 6"
AEPER I . AWM K BEAT DNS 3k 5 S ) Bt ity
T, R E Ry S S 0.807 U/mL.
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Figure 8 Enzyme activity of Bacillus mycoides
CX-2 at different temperatures.

A B
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FERMEBHIZRABIMEE A 1B B: SIS
Figure 9 Observation of the amylase transparent
circle produced by strain CX-2 after staining with
0.1% iodine-potassium iodide. A: Upper; B:
Reverse.
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P , 40 38 2] Jm 7 43 9 T8 (Chrysosporium
articulatum) AT LAAS 7743 SR F B REEEY, /N
- (Microsporium audouinii) . % i1 75 (Aspergillus
flavus) . 2R {05k 76 1 (Fusarium oxysporum) Mk 48
17525 (Paecilomyces purperaceae)Zs t, HLA 77 A £
B AR T B TA0L

L RAEVINEH K E B2 A s 8
AR Y T AR B. pumilus ZW-36 , SR LA &R
G545 ) [0 TET A A T v 0 7 g R AR AT T
DAk, (HH ™ £ 26 11 B S A 57.14 U/mL.
W 1% 55 WRISR o 0L T X B BE - Bacillus sp.
CIPE209 " Mg S 2AT T 0uAk, H™ T
713k 503.5 U/mL. 5KEASFCIN P03
WS FRGH 7 57 B I EDIR ZF AT I Gxun-30 Tk,
1k ZZ R A T 3 0 L A R 1 ) R AR
117004, TG B 1G5, 153 1 810.98 U/mL,
XF EE b IR AS TR B RR B4 7 A0 SR VBTSSR
MFERG 373 15 55 B0 5 B b AR AR () BER 2R F A B
CX-2 By B s b A o Tk — 24 & .

A ST AR S T B AR A5 0 R 7 TR bR CX-2
A 2 BTG A 165.400 U/mL, [HZ =251k
DAL A7 2 RS AR = 31 274.327 U/mlL,
P A PR AL T LS E PR S AR CX-2
B AR A R, RIRT R B, I E R
FAEAMISYEIRA B REEE . AR T
IRBE A X R ZE AT B CX-2 77 1 2 1 R
PEROFSY, (R e ™ AR AR 1 095 5% Sk R iR
ARFIRAMSE

ARIAETF R FH R CX-2 P& S T
B A b, X G ey I M R AT T WA
I, AR IIZ R R AR A 2 S P,
T H R Ve BRG M. TR, =Rk
FKiIK 1 PR TAR LU UL, TR RER 2 Fhie
TR LRI, X R CX-2 MZIhReN
FR AL TR A & o BRI 20 B 50 30 TR bR
CX-2 MIPER G TEIL 0.807 U/mL, {HIZFHRE.
A7 2 FIEGR RN A e . KRR SE

PR 1 X 53 25 i BEIR ZEF0AT 14 (B. mycoides)
L R AU, (IR EEATE AN 0.79 U/mL
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AEAE = A 86 AN S T ) B R38R, DA
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4 i
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Yy, o HA Ak o 8 1 S DR (R A P
U5 o I A P AU IS 0T A 2R LA T AR P
fiff & — PP SR A T B . ABIESER HAS
BRRE SR B 200k, Mok 88 A SR 0 1 &
S5 IR FEPIRE S 0 AR T AR R O L T A R
P TEE  F TR Rk CX-2, 48 5 5 T S T T vk Ty
IR ZEALAT (B, mycoides) . 18 1o 256 25 4 T TR
R BB, TF BIZ AR ™ A 2R 11 S P B
ZAEE . pH. BRI o K s SR [A] SR A B R T
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TE N Tl P
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Wit BT RE, g kR
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