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Isolation and Identification of Feather-Degrading Bacteria for Biotechnological Appllcatlons of Ke-
ratinaceous Protein Waste. Hong-Joo Son*, Yong-Gyun Kim and Yeon-Kyu Park'. Departrent of Bio-
technology, Miryang National University, Miryang 627-702, Korea, 'Department of Environmental Engineering,
Miryang National University, Miryang 627-702, Korea — Feathers, which are almost pure keratin protein,
are produced in large amounts as a waste by-product at poultry-processing plants. Keratinolytic
enzymes may have important uses in biotechnological processes involving keratin-containing wastes
from poultry and leather processes. In this study, screening and identification of keratin-degrading
bacteria were investigated. Five keratin-degrading bacterial strains (F3-1, F3-4, F7-1, C1-1, C1-2) were
isolated from compost and decayed chicken feather. On the basis of morphological, physiological
studies, and Biolog system, all isolates were identified as the genus Bacillus. Among them, the strain
F7-1 had the highest feather-degrading activity and was selected for further taxonomical study.
Phylogenetic analysis of strain F7-1 based on comparison of 16S rDNA sequences revealed that this

strain is closely related to Bacillus megaterium.
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Fig. 1. Formation of clear zone on protease production me-
dium containing 5% skim milk powder. Strain F7-1
was incubated at 30T for 3 days.

Table 1. Screening of feather-degrading bacteria

Protease Feather
Strain Sampling site activity  degradation
(unit/ml) (%)
Cl1 Compost 10.3 57
Cl-2  Compost 9.8 60
F3-1 Soil near poultry 10.8 60
processing plant
F3-4  Soil near poultry 19 62
processing plant
F7-1 Feather disintegrated 12.5 65
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Table 2. Taxonomical characteristics of the isolated strain F7-1

Content Characteristic Content Characteristic

Cell shape Rod or ellipsoidal Growth in 10% NaCl -

Cell size 3813 pm Arginine dihydrolase -

Gram staining + Lysine decarboxylase -

Spore formation + ONPG +

KOH string test Catalase +

Motility + Indole production -

Chain of cells VP -

Colony shape Circular, convex Utilization of citrate +

Colony color Pale yellow Casein hydrolysis +

Glucose (acid) + Starch hydrolysis +

Growth at 50T - Gelatin hydrolysis +
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GACAACGCTGGCGECETGCCTAATACATGCAAGTCGAGCGAACTGATTAGAAGCTTGCTT
CTATGACGTTAGCGGCGBACGEGTGAGTAACACGTGGGCAACCTGCCTGTAAGACTGGGA
TAACTTCGGGAAACCGAAGCTAATACCGGATAGGATCTTCTCCTTCATGGGAGATGATTG
AAAGATGGTTTCGECTATCACTTACAGRTGGGCCCGCOBTGCATTAGCTAGTTGGTGAGE
TARCGGCTCACCAAGGCAACGATGCATAGCCGACCTGAGAGGGTGATCGGCCACACTGGE
ACTGAGACACGGCCCAGACTCCTACGGBAGGCAGCAGTAGGGAATCTTCCGCARTGGACG
AAAGTCTGACGGAGCAACGCCOCGTGAGTGATGAAGGCTTTCOGGTCETAARACTCTGTT
GTTAGGGAAGAACAAGTACGAGAGTAACTGCTCGTACCTTGACGGTACCTAACCAGARAG
. CCACGGCTAACTACNTGCCANCAGCCGCGGTARTACNT ANGTGGCAAGCGTTATCCGGAA
TTATTGGGCGTARAGCGCGCGCANGCGGNTTCTTAANTCNGANGNGAACCACCGCTGCTC

Fig. 2. Partial nucleotide sequence of 165 rDNA from the
isolated strain F7-1.
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Strain F7-1 : 124 cttcgggaaaccgaagctaataccggataggatcttctccttcatgggagatgattgaaa 183
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Strain F7-1
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IR RN
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Fig. 3. Alignment data of 165 rDNA nucleotide sequences of the isolated strain F7-1 and Bacillus megaterium (AJ 550462). The
alignment was generated by the bl2seq program in NCBI Blast. Differences between these sequences are indicated by

asterisks (*).
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Bacillus methanolicus NCIMB131137 (X64465)

Bacillus clarkii DSM13T (X76444)

Bacillus halodurans DSMA497T (AJ302709)

Bacillus horikoshi DSM87197 (X76443)

Bacillus pseudofirmus DSM8715T (X76449)
Bacillus alkalophifus DSM485T (X76436)

Bacillus thermoleovolans DSM53667 (226923)

Bacl/Ius pallidus DSM36707T (Z26930)
Bacillus smithii DSM42167 (226935)
[ Bacillus coagulans JCM2257T (D78313)
Bacillus badius ATCC14574 (D78310)
Bacillus azotoformans DSM10467 (D78309)
Bacillus circulans 1AM 124627 (D78312)
Bacillus benzoevorans DSM5391T (D78311)
Bacillus firmus IAM12464 (D16268)
Bacillus lentus IAM12466T (D16272)
" Bacillus pumilus NCDO1766" (X60637)
Bacillus licheniformis DSM13T (X68416)
ﬂBaczHus subtilis NCDO17697 (X60646)

Bacillus amyloliquefaciens ATCC23350T (X60605)

Bacillus silvestris DSM12223T (AJ006086)
‘—Lg———' Bacillus fusiformts ATCCTO557(114013)

Bacillus sphaericus IAM13420T (D16280)

Bacillus insolitus DSMS5T (X60642)

Bacillus pasteurii NCIMB8841T (X60631)
Bacillus globisporus DSM4T (X68415)

Bacillus psychrophilus 1AM124687 (D16277)

Bacillus cereus 1AM126057 (D16266)
Bacillus cohnii DSM63077 (X76437)
Bacillus halmapalus DSM8723T (X76447)

Bacillus megaterium 1AM13418T (D16273)

001 Strain F7-1

Fig. 4. Phylogenetic tree based on 165 rDNA sequences showing the positions of strain F7-1 and the type strains of some Bacillus
species. Scale bar represents 0.01 substitution per nucleotide position. Superscript T means the type strain.
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Fig. 5. Feather degradation by B. megaterium ¥7-1 after (A) 0,
(B) 2, (C) 3, and (D) 4 days.

ALe BE AES 3T F 9o, Mk 62 § feather
shaft7}#] & H?-_} T AR ol dHE J|RE B AY
aFE 7|R3¥ Bacillus spp.7} A4tele  keratinolytic
protease?] %*é ‘;—l $E Bzd Fo] Folg Aoz B

2

A 4e2d 0 2549 S o] A7E A
ba gl

B
ol

B oo AlL-F Bacillus megaterium F7-1& Agel e
A9 @43 BaE + sle 5L 7HAL Y wEhA
£ TFE A B 0}‘43} 7tEA e gRF A
A m R e ATAE Ake ?‘1171‘5‘}7] g 33
F RAE T ASd BeEdE e A AS
3 7540 98¢ ¢ 4 Aan

AgRoz P e $RE TA TRAN 302
2 0% w2sE 99 solBolth B4, £2)334 A3
£ Boo] $2E 7139 BT ABEEY) A3 B0l A

P Yot o WHE T IS AL o,
A}H 0 2 keratinolytic proteased] o] 842 $7e HEF
3t Mg A8 A Ba g AZEE ¢ 5 Ut B

Toll M=
teaseE XA o = A

29 A2 AYE 954 keratinolytic pro-
$28 BT & 9t ATE A9A



234 Journal of Life Science 2004, Vol. 14. No. 2

it

+H

U HA BT Y FHY E
E} keratinolytic protease &3 %]
At 21F A4 ANEY $2 o
F71e AR7FF2 Axsta 883, vjga 2 435
ENS 2AS A, Bacillus sp.2 FAEQLH, Biolog
system& 088 FHANME Bacillus sp.2 ZAA ). Ak
A& FF FAS Astod 165 IDNA F71NE ¥4 & &
st on, 1 AR F7-1 FF= B. megaterium A F 35}
gxog 71 FARAT B

He
n

e

P

[

M

Hn

ol

)

o

il‘

(it

ol

il

ob

4t

ul

[Raf
=

—o ol
HE > oy ©

ZAe =

o) EEL 20028E 73 AFATY A 2 (KRF-2002-
041-F00011)0] )3kl AFH Yo, olo] ZA=RU,

f

b
Ho
rek

1. Ausubel, F. A, R. Brent, R. E. Kingston, D. D. Moore, ]J.
A. Smith, J. G. Seidman and K. Struhl. 1988. Current
protocols in molecular biology. John Wiley & Sons, Inc., New
York.

2. Barrow, G. 1. and R. K. A. Felthanm. 1993. Cowan and
Steel’s Manual for the identification of medical bacteria. Cam-
bridge University Press, New York.

3. Charney, J. and R. M. Tomarelli. 1947. A colourimetric
method for the determination of proteolytic activity of
duodenal juice. |. Biol. Chem. 171, 501-505.

4. Drancourt, M,, C. Bottel, A. Carlioz, R. Martelin, J. P.
Gayral and D. Raoult. 2000. 16S ribosomal DNA sequence
analysis of a large collection of environmental and clinical
unidentifiable bacterial isolates. J. Clin. Microbiol. 38, 3623-
3630.

5. Fox, G. E., J. D. Wisotzkey and P. Jurtshuk, Jr. 1992. How
close is close: 165 tDNA sequence identity may not be
sufficient to guarantee species identity. Inf. J. Syst. Bac-
teriol. 42, 166-170.

6. Gerhardt, P., R. G. E. Murray, R. N. Costilow, E. W.
Nester, W. A. Wood, N. R. Krieg and G. B. Phillips. 1981.
Manual of methods for general bacteriology. American Society
for Microbiology, Washington, D.C.

7. Holt, J. G, N. R. Krieg, P. H. A. Sneath, ]. T. Staley and
S. T. Williams. 1994. Bergey’s Manual of Determinative Bac-
teriology, 9th ed. The Williams and Wilkins Co., Baltimore.

8. Kim, J. M, W. J. Lim and H. J. Suh. 2001. Feather-
degrading Bacillus species from poultry waste. Process
Biochem. 37, 287-291.

9. Kim, Y. B, ]. B. Lee, K. S. Sung and N. H. Lee. 1998.
Effects of physical processing on protein content and
pepsin-digestibility of feather meals. Kor. ]. Anim. Sci. 40,
103-110.

10. Korea Chicken Council. 2002, www.chicken.or.kr/3data/

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21

23,

24.

25.

do.htm.

Lahl, W. J. and 5. D. Braun. 1994. Enzymatic production
of protein hydrolysates for food use. Food Technol. October,
68-71.

Lane, D. ]. 1991. 165/235 rRNA sequencing, pp. 115-175,
In E. Stackebrandt and M. Goodfellow (eds.), Nucleic acid
techniques in bacterial systematics. John Wiley and Sons,
New York.

Lee, N. H, Y. B. Kim, H. J. Kim, K. S. Seong, J. H. Rho
and C. K. Han, 1999. Effects of physiochemical treatment
on the isolation of keratinaceous protein and amino acids
of feather meal. Kor. J. Anim. Nutr. Feed 23, 15-20.

Lin, X, C. C. Lee, E. S. Casale and J. C. H. Shih. 1992,
Purification and characterization of a keratinase from a
feather-degrading Bacillus licheniformis strain. Appl. Envi-
ron. Microbiol. 58, 3271-3275.

Lin, X, J. C. H. Shih and H. E. Swaisgood. 1996. Hydrol-
ysis of feather keratin by immobilized keratinase. Appl.
Environ. Microbiol. 62, 4273-4275.

Macfaddin, J. F. 1980. Biochemical Tests for Identification of
Medical Bacteria. The Williams and Wilkins Co., Baltimore.-
Onifade, A. A., N. A. Al-Sane, A. A. Al-Musallam and S.
Al-Zarban. 1998. A review: potentials for biotechnological
applications of keratin-degrading microorganisms and their
enzymes for nutritional improvement of feathers and other
keratins as livestock feed resources. Bioresource Technol. 66,
1-11.

Oyeka, C. A. and H. C. Gugnani. 1997. Keratin degra-
dation by Scytaiidium species and Fusarium solani. Mycoses
41, 73-76.

Papadopoulos, M. C. 1985. Processed chicken feathers as
feedstuff for poultry and swine. A review. Agric. Wastes
14, 275-290.

Papadopoulos, M. C., A. R. El Boushy and A. E. Rood-
been. 1985. The effect of varying autoclaving conditions
and added sodium hydroxide on amino acid content and
nitrogen characteristics of feather meal. ]. Sci. Food Agric.
Abstr. 36, 1219-1226.

Rao, M. B, A. M. Tanksale, M. S. Ghatge and V. V.
Deshpande. 1998. Molecular and bjotechnological aspects
of microbial proteases. Microbiol. Mol. Biol. Rev. 62, 597-
635,

. Saitou, N. and M. Nei. 1987. The neighbor-joining method:

a new method for reconstruction phylogenetic trees. Mol.
Biol. Evol. 4, 406-426.

Taha, I. Z. 1998. Cloned Bacillus subtilis alkaline protease
(apr A) gene showing high level of keratinolytic activity.
Appl. Biochem. Biotechnol. 70/72, 199-205.

Thompson, ]. D., T. ]. Gibson, F. Plewniak, F. Jeanmougin
and D. G. Higgins. 1997. The ClusalX windows interface:
flexible strategies for multiple sequence alighment aided
by quality analysis tools. Nucleic Acids Res. 24, 4876-4882.
Williams, C. M., C. S. Richter, J. M. MacKenzie, Jr. and J.
C. H. Shih. 1990. Isolation, identification, and character-
ization of a feather-degrading bacterium. Appl. Environ.
Microbiol. 56, 1509-1515.



