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Expression and characterization of a keratinase encoding
gene gm2886 in Streptomyces pactum ACT 12 strain

Yiming Ma', Xin Ke!, Xiaoxia Li*, Weixue Shu*, Wenhan Yang', Yayong Liu?,
Xia'Yan®, Lianghui Jia', and Hua Yan®

1 College of Life Sciences, Northwest A& F University, Yangling 712100, Shaanxi, China
2 Ingtitute of Microbiology, Chinese Academy of Sciences, Beijing 100101, China

Abstract: By bioinformatics analysis, a putative keratinase gene gm2886 (Accession number: KY 368946) was discovered
in the genome of a feather-degrading strain, Streptomyces albidoflavus Fea-10. gm2886 was ligated into integrative
Escherichia coli-Streptomyces shuttle vector pSET152 under the promoter PermE and added with C-terminal His-tag. The
expression vector was transformed into Streptomyces pactum ACT12 by conjugal transfer and the recombinant protein
GM2886-His6 was detected in fermentation broth. GM 2886-His6 was purified and characterized. Its size was nearly 36 kDa.
GM2886-His6 showed proteolytic activity towards a variety of substrates and could even degrade insoluble substrates, such
as azure keratin and chicken feathers. The optimal pH and temperature of GM2886-His6 for proteolysis of casein was pH 10.0
and 50 C, respectively. The enzyme activity was inhibited by PMSF, but not EDTA, indicating that GM2886-His6 was a
serine proteinase. Our results laid the foundation for the research of the molecular biological mechanism on feather-degrading
and for the further utilization of Fea-10.

Keywords: keratinase, Sreptomyces albidoflavus Fea-10, Sreptomyces pactum, heterol ogous expression, recombinant enzyme
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Sreptomyces albidoflavus Verneuil
K1-02
SAKase
N 31 (8]
Fea-10 BioEdit
gm2886
GC 70%
gm2886
gm2886
GM2886-His6
1 #H
11 B B BREMnER
Sreptomyces albidoflavus
Fea-10 Sreptomyces pactumACT12

Escherichia coli Topl0
Escherichia coli S17-1 ( )
pMD18-T (TaKaRa ) PpET28a plJ8641l

( PermE) pSET152
( ) LB
2CMY 2%
TSBY Ampicillin (

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

100 ug/mL) Kanamycin ( 50 ug/mL)

Apramycin( LB 50 ug/mL
1 2CMY 10 pg/mL)
( 25 ug/mL)
1.2 ITEREfMSIY
T4 DNA Taq TaKaRa
Pfu Thermo PCR
«C )

2 JE

2.1 DNA #1E

(]

[10]

22 AEEBERRBEFIISH

Fea-10
BioEdit local blast
NCBI http://www.cbs.dtu.
dk/services/Signal P/

http://web.expasy.org/compute_pi/

23 gm2866 EFEMIEELURESERIAE
L3O AEE
F1 ( EcoR I 1
) R1 ( Xho 1)
Sreptomyces albidoflavus Fea-10 DNA
Pfu PCR gm2886
EcoR | Xho I
pPET28a PET28a-gm2886 ( His
Tag) EcoR | BamH I
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&1 519F5
Tablel Primer sequence

Primer name Primer sequence (5'-3) Size (bp)
F1 (underline EcoR 1) GTGAATTCGTGAACCACCGACGCATACC 28
R1 (underline Xho I ) GTCTCGAGTCAGCCGATCTCGACGCC 26
F2 (underline BamH I ) GTGGATCCAGGAGGACGTGACGTGAACCACCGACGC 36
R2 (underline Xba I ) GTTICTAGATCAGTGGTGGTGGTGGTGGTG 29

Underlined letters indicate restriction enzyme digestion sites, Boldface letters indicate RBS in F2 and Histag in R2.

plJ8641 PermE 1 F2(
BamHI RBS) R2( Xbal HisTag)
pET28a-gm2886 PCR BamH [
Xba | PCR 2 pSET152
EcoRT Xbal 1 2
Hisb

PSET152::Perm::gm2886

24 mEABRRIAMAEL
pPSET152::Perm:.gm2886

S17-1 -
ACT12 TSBY
96 h
50% 4°C 4°C 10000 r/min
20 min 20 mmol/L
Tris-HCI (pH 7.9) 0.45um
Ni Nanodrop
4°C
25 BEEEMZERZE
(Sigma )
Li M Ly 0
20 mmol/L
Tris-HCI (pH 7.9) 0.012 mg/mL

® 010-64807509

ImL 40°C 2 min 1mL
2% 10 min
2 mL 0.4 mol/L TCA
40 °C 20 min
0.22 um
1mL 5 mL 0.4 mol/L
(0.5mL) 40 C
20 min ODsso 1 pg
1
2.6 REM pH X EGIER AN E
30-80 C
pH 30-80 C 30 min
pH
pH 4.0-12.0

(pH 3.0-6.0 50 mmol/L -
pH 7.0-8.0 50 mmol/L Tris-HCI
pH 9.0-12.0 50 mmol/L -
) 3

27 ERBRBETHUFRFIXEEFRZZ N E

GM2886-His6
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4 mL 5 mmol
(Ca2+ Mgz+ K*)
(5 mmol EDTA 5 mmol PMSF 1%
DMSO 1% SDS 1% 1% DTT 1%

p- )
3
2.8 A[E) R B & 52 i 890 E
(Casein)
(Azo-casein) (BSA)
(Hemoglohin)
(Azure keratin) (Feather)
[13-15]

20 mmol/L Tris-HCI (pH 7.9) 2%
2mL 100 pL
(0.12mg/mL) 1 mL 2% 900 pL
pH 10.0 50 mmol/L -
50 'C 20 min 2 mL 0.4 mol/L TCA

40 °C 20 min
1 mL 1 mL 3%

1mL (pH 4.5) 100 C

10 min 3mL  60%

ODs7o 1 ug
1 TCA
OD 40 oD 0.01

1
4 mL 200 pL GM2886-His6

(0.12mg/mL) 20 mg
DTT 50 mmol/L -
4mL 37°C 180 r/min 1h

10 mmol/L

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

ODsgs
oD 0.01 1

3 BREAM

3.1 gm2886 B ZAIHEEERFIINITR
SenEEmERBRIFMILE

OD2sgo

BioEdit Fea-10
gm2886 gm2886 1083 bp GC
71% 360
34 138
N- 188
NCBI
1
SGPD!*®!

83%

32 gm2886 EHEMEHEEE ACT12 F Ik
1B, #ifk
pPSET152::Perm::gm2886

S17-1 ACT12
2%
ACT12
2
TSBY
96 h
50% 4 C 10000 r/min 4 °C
20 mmol/L Tris-HCI
(pH 7.9)
3
36 kDa
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GM2886_mat [AGGDAIHG.DGARCSLGFNVVKGGEPM 27
SFP2_mat IAGGHAIYAAGGGRCSLGFNVRSSEGAT 28
SGPA_mat IAGGHAITI.GGSRCBIL.GFNVSVNGVAH ] 27
SGPB_mat I9GIGDATYBST.GRCELGFNVR..SGYT 25
SGPD_mat IAGGDAIWG.SGSRCILGENVVKG(GEPY] 27
Consensus i gg ai reslgfnyv

GM2886 mat FL.TAGHCTEGISSW SGQG 52
SFP2_mat YA.LTAGHCTHIAST TNS( GT 55
SGPA_mat ALTAGHC.....[ . TNISASWSI( 45
SGPB_mat YYFLITAGHCTIDGATTW WANSA 53
SGPD_mat FL.TAGHCTESVTSWYDIIQG[G} 52
Consensus

GM2886_mat 80
SFP2_mat 83
SGPA_mat 73
SGPB_mat 81
SGPD_mat 80
Consensus

GM2886_mat D VGQSV SGSTTQ 108
SFP2_mat A :NA 3STTG 111
SGPA_mat NAF QAVQR STTG 101
SGPB_mat GMAVTRRIGSTT{ ] 105
SGPD_mat D VGQAVTRSGSTTQ 108
Consensus avg v or gstt

GM2886_mat TALDAIVNYGGGDVY, QTT 136
SFP2_mat 3 ll ATVNYGGGDIVSGHIQTN 139
SGPA_mat @ATVNYGS IVYIGMI 129
SGPB_mat TALNATVNYGGGDVVYF [ 133
SGPD_mat VTALDATVNYGNGDIVNGLIQTT — [0 136
Consensus g vt |1 atvnyg v ogi ot
GM2886_mat VCAEPGDSGGYLFDGYTALGLTSGGSGD | 164
SFP2_mat VCAEPGDSGGALFAGSTALGLTSGGSGN 167
SGPA_mat VCAEPGDSGGSLFAGSTALGLTSGGSGN 157
SGPB_mat VCAEPGDSGGH TRAIGETSGGSGN l61
SGPD_mat VCAEPGDSGGALFAGD|IIALGLTSGGSGD [ 164
Consensus vcaepgdsgg |l g a gltsggsg

GM2886_mat CSSGGHTFFQPVPER.SAYGVEI |:| 187
SFP2_ mat l GTTFFQPVTEALSAYGVSI 190
SGPA_mat CRTGGTTFYQRVTEALSAYGAT 180
SGPB_mat CSSGGTTFFQPVTEALSAYGVSV 184
SGPD_mat CSSGGTTFFQPVPEALAAYGAEI 187
Consensus ¢ gg tf qpv eal ayg

B 1 GM2886 5/LFEMMEEERIREAEZOMNKAEFTIEIRMYE S
Fig. 1 Sequence alignment of mature protein sequence of GM 2886 and several other known keratinases.

(4
3.3 EHEH GM2886-Hiss BT E 5EEE
2 EHEHSEHE ACT12/pSET152::Perm::gm2886
FIHTERE T GM 2886-His6 ACT12
Fig. 2 Secondary screening of Sreptomyces pactum 1.108 mg/L
ACT12/pSET152::Perm::gm2886 using milk-agar plate.
5.36 kU/mg

1: wild type ACT12; 2: ACT12/pSET152::Perm::gm2886.
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kDa 1 2 pH 10.0 GM2886-His6 pH
30-80 C 30 min
7
30-40 C
100
S 80f
£
z 60
E
2 40 -
B3 “@tFWEHLEERN SDS-PAGE o ks ol
Fig. 3 SDS-PAGE analysis of purified GM2886-His6. R~
1: premixed protein marker; 2: purified GM2886-His6. 0 !
A B Temperture (C)
E5 REEEXNEHRMEOBEEHNZMD
Fig.5 Effect of temperature on recombinant keratinases.
100 -
S 80
=y
2 60 -
B
© 40|
£
© 20t
4 UBEAARPOETHEARKSN O %7 3 T

Fig. 4 Zymogram analysis of proteases excreted by
S pactum ACT12/pSET152::Perm::gm2886.
GM2886-His6 stained with Coomassie G-250. (B)

GM2886-His6 with casein.

10 11 12
pH

E 6 pHXNEHAEABREENZM

Fig. 6 Effect of pH on recombinant keratinases.

(A)

100
3.4 EHEH GM2886-Hisb sxi& pH. =mi& .
B ROR R M A |
Z 60r
3
5 g wf
30-70 C 50 C 5 20}
50 C GM2886-Hisb ol . . .
30 40 50 60 70
Temperture (C)
pH 6 PHAO-110  m7 sumEamEERER
pH 10.0 Fig. 7 Temperature stability of recombinant keratinases.
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®3 TRIKRMMNELHHEEHENTMN
Table 3 Effect of portein substrates on recombinant
keratinase

35 ¢BBETMHUERFIMEALAER
GM 2886-His6 fif§ 5& 22 a3 1
ca® K* Mg*

Specific activity Relative

Protein substrate

DMSO SDS V) activity (%)
EDTA Casein 36.87+0.080 (00
PMSF BSA 12.64+0.072 e
B- DTT Azo-casein 16.1+0.174 ala
2 Hemoglobin 17.52+0.131 N
. Feather 32.00
36 HHEH GM2886-Hist HIKMIEHM JistAE
ﬁ*ﬁ' Azure keratin 20.5+0.954 55.60
GM2886-His6
3 N )
4 ik
#*2 ERBEFSHFAFNELRAAELEETHNZI (17
Table 2 Effect of metal ions and chemicals on [18-19]
recombinant keratinases
Concentrations Relative [14.20-21) Bacillus
Metals | ity (%
(mmol) ac“"gé’o( 0) licheniformig 222! Pseudomonas
Control aeruginosal**!
Ca2+ 5 64
2+ 5 32 . 23
Mg Streptomyces fradiae sfp2l*t2*24
K* 2 == E. colit??2
Chemicals Concentrations o aive Bacillus subtilis 12"
activity (%) o . 11520
Pichia pastorig*>2”
PMSF 5 mmol 66
EDTA 5 mmol 100
DMSO 1% (VIV) 93
Fea-10
SDS 1% (VIV) 91
| | 1% (Vi 1
sopropano o (VIV) 00 gm2886
- [0)
B-Mercaptoethanol 1% (VIV) 3477 gm2886
DTT 1% (V/IV) 1266 GC

® 010-64807509
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ACT12
gm2886
36 kDa
gm2886
83%
gm2886
3
[25-26]
ker Al??
sfp2!?24 gm2886
20 kDa ( )  ACT12
36 kDa
GM2886-Hisb DTT

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

[27]
CDF®®  Thermoactinomyces
candidus®  Bacillus species®*"
gm2886
ACT12
Fea-10
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