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Selection and Cultural Characteristics of Whole Chicken Feather-Degrading Bacterium, Bacillus sp.
SMMJ-2. Park, Sung Min, Hyuck Jun Jung, and Tae Shick Yu*. Department of Microbiology, Keimyung
University, Daegu 701-704, Korea — Feather, generated in large quantities as a byproduct of commercial poul-
try processing, is almost pure keratin, which is not easily degradable by common proteases. Four strains,
SMMIJ-2, FL-3, NO-4 and RM-12 were isolated from soil for production of extracellular keratinolytic pro-
tease. They were identified as Bacillus sp. based on their morphological and physiological characteristics.
They shown high protease activity on 5.0% skim milk agar medium and produced a substrate like mucoid on
keratin agar medium. Bacillus sp. SMMJ-2 had a faster production time for producing keratinolytic protease
than other strains. This strain did not completely degrade whole chicken feather for five days in basal medium
but completely degraded whole chicken feather when supplied with nitrogen source for 40hours in kerati-
nolytic producing medium (0.7% KyHPO4, 0.2% KH,PO4, 0.1% fructose, 1.2% whole chicken feather, 0.01%
Na,COs, pH 7.0). When supplied with chicken feather as nitrogen source, keratinolytic protease activity was
89 units/ml/min. When soybean meal was used as nitrogen source, the keratinolytic protease production
reached a maximum of 106 units/ml/min after 48 hours under 30°C, 180 agitation. To isolate the keratinolytic
protease, the culture filtrate was precipitated with (NH4);SO4 and acetone. The recovery rate of keratinolytic
protease was about 96% after treatment with 50% acetone. The enzyme was stable in the range of 30~50°C
and pH 6.0~12.0.
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Keratinolytic protease assay
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Fig. 1. Growth of Bacillus sp. SMMJ-2 on 5.0% skim milk
agar.

Fig. 2. Growth of Bacillus sp. SMMJ-2 on 2.0% whole chicken
feather keratin agar.
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Table 1. Morphological, cultural and physiological characteristics of selected strains.

Characteristics SMMJ-2 FL-3 NO-4 RM-12
Morphological:
Gram staining + + + +
Shape rod rod rod rod
Endospores produced + + + +
Colonies form white-yellowish, smooth  white-yellowish, smooth  white-yellowish, smooth  white-gray, smooth
Mobility + + * +
Physiological:
Catalase + + + +
Citrate utilization - - - -
Gelatin liquefaction + + + +
Indole test - - - -
Milk hydrolysis + + + +
Oxidase + + + +
Voges-Prokauer test - - - -
20°C + + + +
37°C + + + +
52°C + + + +

*Mobility was very slow.

3 % NO-49] 7A-¢- AAAe B8 o] A3l mucoid
type°]$3-2¥ RM-12= mucoid type ©|GAISF wisk 3454
B MA13] F249] He] Ag Ao Wi AL
el i}, Bacillus sp. SMMI-2, FL-3, NO-4 & RM-12%&
45°Coll M F21-8 kATt 55°Cel M SA181A1 %319
“}(Table 1).
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Keratinolytic protease®] AJAHS- $l38led |5 2 uh el A
AF3 5 FF9 keratinolytic protease®ll X5 Z+7+ 50 ml
AZ3 F pHE 7.002 ZAsN 121°C 1587 73 5
AF8-314 T}, LB brothE o] &3} Bacillus sp. SMMJ-2,
FL-3, NO-4 @ RM-125 30°C, 180 rpmel| A 2447+ Sk
Hujokat F, Zujekel 0.5 mi(1.0%)E Z2+] keratinolytic
protease A4 W A]ol] A F-sped 24A12F Wl ks 10,000
rpm, 4°CollA] 1087 AlEelst §, o 3SR S 284
0.2 o]83}o] keratinolytic protease TS ZH 3o}
Table 20|42} 7o), wi=] 1, 2, 3 X 49X ¥ Bacillus sp.
SMMIJ-2, FL-3, NO-4 ¥ RM-12%= k538t keratinolytic

Table 2. Keratinolytic protease activity with different culture
medium.

Keratinolytic protease activity (units/ml/min)

Strain - Medium Medium Medium Medium Medium
No.1 No.2 No.3 No.4 No.5
SMMJ-2 32 39 36 84 6
FL-3 35 43 41 56 3
NO-4 30 34 36 71 12
RM-12 45 49 45 80 4

protease TS eRlglom] 7 FollA] ALY LE soybean
meatS AREEE WA 4ollA T B S Veplidleh
2y wix] 59 79l = vh-$- 2 keratinolytic protease &
AL Jepligled o)A w9 ARl o3l o] A5
o] }%3lA] E3t Al & Hoz ARHA. 774
F-¢} whole chicken feather®h2- ARE3} wij=] 19] ZH o)A
A5 o|AF wieksled B A, Bacillus sp. SMMI-2, NO-
4 2l RM-12% feather® X5 ¥-3)319].2v) Bacillus sp.
FL-3& #8812 Rl on] =3t BE 7550 Zle= ¢
AsHA kA et o] A FUI WA E AR
gted wioF F 5~6d 73S o ANE 38 whole
chicken feather® 25 Faf3teix ¥ w3l 7052210 23}

sh= Abolalate).

HHEA|ZHO| 2 keratinolytic protease @ protease
activity

7} 0k 53} keratinolytic protease S vleldl uiz] 4
£ keratinolytic protease A AF Wi X2 A& 3 ¥ Bacillus
sp. SMMIJ-2, FL-3, NO-4 ¥ RM-12& Fdst Ay e
2 wokale] 5UzE wioFshHA wickdoll ukd keratinolytic
protease 37} protease B3-S SA3IG . wiokd gl ot
2 keratinolytic proteaset= ¥l 14 A Bacillus sp. SMMJ-
2, NO-4 % RM-12¢j|A Fig. 3% #°] 80 units/ml/min]
g4 Yehlgdl e}, Bacillus sp. FL-32 o}& #3559 H]
glo 67% A= AL Yveplsich. et wick 2R
Bl keratinolytic protease A4d2] 2}el7} =4 vehix] &
k2.0, Bacillus sp. SMMI-22] 739 ¥k 394 106
units/ml/min® 2 7} &2 keratinolytic protease 1S 1}
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Fig. 3. Keratinolytic protease activity of selected Bacillus sp.
strains. Symbols: @, Bacillus sp. SMMI-2; O, Bacillus sp. FL-3;
¥, Bacillus sp. NO-4; V, Bacillus sp. RM-12.
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# 4dA 71 2 protease B ERIG 2}, Bacillus
sp. FL-35} NO-4%= 397 714 =& protease 34-& e}
WSl3L, ©]7-2 keratinolytic protease AT BB FAS

el ISk (Fig. 4).
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activity
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Fig. 4. Protease activity of selected Bacillus sp. strains. Sym-
bols: @, Bacillus sp. SMMJ-2; O, Bacillus sp. FL-3; ¥, Bacillus
sp. NO-4; ¥V, Bacillus sp. RM-12.

uj 2} ¥]5:3qF keratinolytic protease A4S el i
Bacillus sp. SMMJ-2¢} NO-4 % RM-129] A% 713} =&
keratinolytic protease 4] 81% 7}eko] wiok 1A YA
"Hoebs 32 vleko 2 Bacillus sp. SMMI-2E A 72
2 Adbsle] wieF 2719 keratinolytic protease B4d-L FA}
sioleh. wioF F 1, 3,6, 9, 12 9 24A]7F B Fho] A
S UolE A wioF ¥ 6417+ o]ulell = keratinolytic
protease TS JePA] ¢kghont 9A zho] 7 whah A
keratinolytic protease A& LleliglEd] o] o2 B¥
keratinolytic protease®] AJAte] 7] F2l3} #A|7} ¢)&-4
& 9 A Fig. 5).

Bacillus sp. SMMJ-22| whole chicken feather 0|2

Bacillus sp. SMMJ-25- F-AF 2.2 3l whole chicken
feather®] #-3llE ZA}817] $18}ed keratinolytic protease AJ
Ab wiRIQ] WA 45 7] EeiRA| 2 s} 7] RS o)
ZTE S eAUH ALY ® whole chicken featherS
A7V S del JFE 23] S8l B2 e 0.1%
whole chicken featherE A 7}3lg]on AL o gL 129
whole chicken featherE A 718}e] Zpzke] wiA|2 A28t
AufFd 500 plE H7F F 4Y 72k wjcksbaA o] 59
keratinolytic protease 4 % protease S FAlslglt}.
Fig. 63 7o)X} Zro] di2F2 AME3) 7| Eu) =)ol A 713
2 keratinolytic protease A3 el iglon], Ahgde
2 1.2% whole chicken featherE 3718t 7 ¢ =2
keratinolytic ptotease Z41-E Velsit}. &4 0% 0.1%
2] whole chicken featherE 3 7}3F 7 %ol = keratinolytic
protease BAJe] - A ZAIEGEH ol=gt AHE v}
B2 2 whole chicken featherS AP O Z AMRE 4= 9]
e AE U o, gAhY o ARgs]ele B
gelete Ze FAF 4 dsiet. olejdt A 3t =

A 2 A0 2 whole chicken featherS AM-4-3}91&
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Fig. 5. Keratinolytic protease activity of Bacillus sp. SMMJ-2
for 1 day.
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Fig. 6. Effect of whole chicken feather as carbon and nitrogen
source on Bacillus sp. SMMJ-2 for producing keratinolytic
protease. Symbols: @, control; O, carbon source; ¥, nitrogen
source.
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Fig. 7. Effect of whole chicken feather as carbon and nitrogen
source on Bacillus sp. SMMJ-2 for producing protease. Sym-
bols: @, none; O, carbon source; V¥, nitrogen source.

o o, T gAY W A visle 22
keratinolytic protease -3 vjelditlal ¥ 178k Mohamedin
[2319] Bl Abolgt A viehlgiet

g$AY9 22 whole chicken featherS AH8-8F 7
keratinolytic protease 413} protease BA- wil-§- W]k
wjoFd ol wlel B I T FIEE S e
o o)A Fo] A Ao] gl AR Ao
Protease 4 = keratinolytic protease B3} Zro| 7
7} 7V B XS Vgl er] sl oz AREE B
7} 7P B2 28 eRiY. 497 vieksl F 2F pH
= 47 2Tt 1.62, AaleR AHye 9ot 754, ®
2902 0.1% H71 397} 7.682 BF FAe) pHE
ede}. Bacillus sp. SMMJ-22] 735 wiA] 19] 2714
A5 o4t ket 9ol ANE AT featherihE 244
1A 58 8l9] 21, whole chicken feathers AAYPLE

2 days

Fig. 8. Feather-degradation by Bacillus sp. SMMJ-2 for 2 days.

1.2%= 3718} 735l 4047t o[ o]l ZINE F33t feather
£ 2% ek (Fig. 8).

o] Are) A2 HE) Bacillus sp. SMMJ-2¢]] 2|3k whole
chicken feather?] F-8l= 7142 EFe} whatde] Aol
W o3k et AE o & d9em, =3 Bacillus
sp. SMMJ-22] 73-%-¢ll keratinolytic protease®] JAHS $13}
o] 24222 whole chicken feather®¥= soy bean meal
o] frEalrhe AL & ¢ UK A ARIHE vAE
o] JA8l= keratinolytic protease®] 41-8-3}7) #is}x] ¢k
L 7 Zo]| 7P 2 o]-f= whole chicken feather?] E-38]&
Asted @2 AE 737 Wl B8 Bacillus sp. SMMJ-
28] 75 AkdA o] 4e] rlsAde] v T2 AoR Uty
At

Fol

20| =N ¥ otEy

FEAY 50 mle] ammonium sulfate® 0~30% 2 30~
60% E3}E A Arksted 4°ColM 12417 wkAgk F, 12,000
rpmol| A 2082 Al Ee] dled AAES Aok Al A
A zls 22ko) 50 mM tris-HCI buffer(pH 8.0)el] £-3)
AA FABPEA & AT F, T8 E A8 2
39| 25%= wi-¢ WAl vebgttk(Table 3). Z22v 10%,
20%, 30% 40% 2 50% B]-&Z. acetoned A7lsle] AR
28 ¥, JAEL 450l 50 mM tris-HCI buffer(pH 8.0)
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Table 3. Recovery yield of (NH,),SO,4 and acetone precipitation.

S Activity Recovery
Precipitation (units/m/min) (%)
Culture broth 104 100

(NH4)2S04
0-30% 9 9
30-60% 24 25
Extra broth 0 0
Acetone

10% 5 5

20% 10 10

30% 11 11

40% 50 48

50% 100 96

o] S3A1A EAAS S43 Ao 50% acetonedl|A] 96%
9 ¥ &g vepdeh uebr B EhE 50%
acetonedl| A wil-$- oFAEH 7o w AQHY T 4 AAE 9
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