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Abstract: Keratin is the main component of feathers and many agricultural waste. It is difficult to be used
because it has a large number of stable cross-linked disulfide bonds, which can resist degradation of
common proteases and chemical catalysts. These waste resources are accumulate massirely and cause
serious environmental pollution. Microbial keratinase can efficiently convert keratin wastes into the
reusable products which will bring economic value, and make environment sustainable. This article mainly
reviews the biochemical characteristics, the basic structure, the expression characteristics, and the
application of microbial keratinases. Finally, the future research topics of the microbial keratinase were
proposed and prospected.
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DI SARERL, X2 ZR(L) . SRER(V). TR
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Table 1 Biochemical properties of several microbial keratinases
HEEY TR K2R Il pH i IR Vi SR
Microorganisms Source Catalytic type Optimum  Optimum Molecular References
pH temperature (°C) weight (kD)
Bacillus Poultry waste digester Serine proteases 7.5 50 33.00 [24]
licheniformis PWD-1
Fervidobacterium Hot spring Serine proteases  10.0 80 130.00 [25]
Bacillus sp. BK111 Poultry feather Serine proteases 9.5 60 42.00 [26]
Bacillus subtilis S1-4 Chicken feather Serine proteases 9.0 50 36.10 [27]
Bacillus thuringiensis Cattle-yard Metallo protease 9.0 50 80.00 [28]
MT1
Streptomyces sp. AB1 Soil collected from dump Serine proteases  11.5 75 29.85 [29]
yards, slaughter house, and
poultry farms
Actinomadura Poultry compost Serine proteases 8.0 85 135.00 [30]
keratinilytica Cpt 29
Streptomyces Soil of poultry farm Serine proteases 9.0 50 29.00 [31]
minutiscleroticus
DNA38
Streptomyces Poultry waste Serine proteases  10.0 50 36.00 [32]
albidoflavus Fea-10
Scopulariopsis Poultry farm soil Serine proteases 8.0 40 36.00-39.00 [33]
brevicaulis
Actinomadura Algerian fishing port Serine proteases  11.0 80 9.54 [34]
viridilutea DZ50
Candida parapsilosis Poultry waste = 7.4 37 100.00 [35]
Trichophyton sp. 95  Rotted Feather soil - 7.0 60 43.00 [36]
Paecilomyces Soil Serine proteases 8.0 60-65 33.00 [37]
marquandii
Doratomyces Soil Serine proteases 8.0 50 30.00 [37]
microsporus

Note: —: Not mentioned
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Figure 1 Cleavage sites of various keratinases as revealed by insulin B chain hydrolysis
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1M 8§ TR 570 SDS L L IE #E,

P s, i R i 75 BERE (Dithiothreitol
DTT). B-#itk £ FE(B-Mercaptoethanol, B-ME). if
J AR e H L 2 DR 2 1R ARSIV A PR ) RE 4 9 £
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AL b 0 J I IR AR SR A A 2R Y
K St S alAR B0 A 2 L A A AR SR A
B S HE R fe A US4

2 AEHENS T YR
2.1 AREEMEMREY
X} AR AT IR Y S Y, A B TR L
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DA R A R = e A R . HET, &AW
PRI 71 8 11 T DR S 2 s B 0 I, Gn b A 2 00T
PWD-1%! 4555 SCUT-31 | &% i KERBP®
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BT /D80 & AL R 51, 2500 & AR
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Table 2 Comparison of N-terminal amino acid sequence of keratinases and subtilisins

EHE]ZS)E S N-3i AR 7 471 275 3CHk
Protease type and source N-terminal amino acid sequence References
Keratinase A (B. licheniformis PWD-1) AQTVPYGIPLIKADK [45]
Subtilisin Carlsberg (B. licheniformis) AQTVPYGIPLIKADK [47]
Subtilisin E (B. subtilis) AQSVPYGISQIKAPA [48]
Subtilisin BPN (B. amyloliquefaciens) AQSVPYGVSQIKAPA [49]
Streptomyces griseus protease B (Str. griseus) ISGGDAIYSSTGRCS [21]
SFase-2 (Str. fradiae ATCC 14544) IAGGEAIYAAGGGRC [50]
NAPase (Nocardiopsis sp. TOA-1) ADIIGGLAYTMGGRCS [51]
Fervidolysin (F. pennivorans) SKAKDLASLPEIKSQ [52]
Keratinase Pm (P. marquandii) ALTQQPGAPWGLG [38]
Keratinase Dm (D. microsporus) ATVTQNNAPWGLG [38]
Keratinase Af (4. fumigatus) ALTTQKGAPWGLGSI [53]
Keratinase Pa (P. aeruginosa) AEAGGPGG [54]

£ Subtilisin Carlsberg AL 99%, 1 Subtilisin
E. Subtilisin BPN FH{I: K 65%, 5 Fervidolysin
ARALE A 309%™

JE F. pennavorans ;=4 Vg ) 25 F N i
REEIR T 9 5 A REAT TR 2R AN R]  (H TSP A
DX ol 5 4 FEAT B B A 2 A R R . I
P 2R L N i 2 L TR Y 51 1 HL s R BB T S G
R TR AR A O FR HOOER TR A B LY DG R
). ok FBEER T AR B I R K R A TR
(Str. griseus)E 1M B, J5 & B4R R E MM F
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EEM N LR T8 s B S AL A Y
1 8 AR RL PR N o

Wu R E T 598 G R (Meiothermus
taiwanensis) WR-220 i 25 1 iff MtaKer 1.50 A {4
gk, HmES K. N S5k A (R
3N, %R Asp39. His72 Fl Ser224
B 5 A R0 v B R ST AL SRR S A, O AL
TE R rtMtaKer Z5H) R BT 2 M85 T
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IEfTE MR e i E EEEM, ZaaT L
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MR SIS A HASRME M S IR E &6

AP Kim %380 T F. pennivorans 1.7 A f17%&
SR NT I NS W o 28 oo B AN B A 117N
ZER IR 2 > B- = BHIA S5 M A A 5 A 25 A
SR R FAT R AR 2R, Ho, AR gAY
SN )55 25 4 3 5 5 Subtilisin B 584 — 3™,
1 o3 1 Y Ff AR L RT RE 2 4 A B R R
PG4T R, X Fh 2 458938 Fervidolysin & A 45 14
SRR T i T Vi s A A A 5+ 35 R It
TR
22 AEEMIRERFYS FHLR

fdi I MEGA 6.0 %2 14143 (Neighbor-Joining,,
NN)EMWEF T AEAOMAIRERFTWN ., H
15 A AR 2R P SN NCBI T3, A i
# KERB R 51 A SCHR[3614545 , A 14545 #
EAMENE. B 2 ATLUE X s 2 ol
2 N, B—AERT S8 MR, Hrh,
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SRR AR B A T T A Sy S, BB AR
P. aeruginosa KS-1 KP1 J&F M28 HHMRIK,
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Bacillus licheniformis (AAG00492.1)

100 Subtilisin Carlsberg (TWO11642.1)
100 Bacillus licheniformis MKU3 (AAY82467.1)
Bacillus pumilus KS12 (ADK11996.1)
56 Bacillus methylotrophicus KIN-2 (AGC81872.1)
W: Bacillus amyloliquefaciens (AKR05134.1)
99 Amycolatopsis sp. BJA-103 (QGA70043.1)
52 Thermoactinomyces sp. (APY 18977.1)
68 100 { Bacillus thuringiensis (APS24128.1)
100 Bacillus cereus Wu6 (AEI83225.1)
Stenotrophomonas maltophilia YHYJ-1 (ADK74828.1)

Trichophyton sp. 95 KERB

— Actinomadura keratinilytica Cpt20 (ASU91959.1)
100L— Streptomyces albidoflavus Fea-10 (AQX39246.1)
 — Pseudomonas aeruginosa KS-1 KP1 (ADP00719.1)

53— Pseudomonas aeruginosa KS-1 KP2 (ADP00718.1)

2 Ao AEEBIRAERFIS TREN

Figure 2 Phylogenetic tree based on partial keratinase amino acid sequences
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Note: The confidence values over 50% from 1 000 replicate bootstrap samplings are shown at each node; GenBank accession numbers

are shown in the parentheses
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