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Abstract

We investigated the optimal conditions for keratinase production by feather-degrading Pseudomonas geniculata H10 using
one variable at a time (OVT) method. The optimal medium composition and cultural condition for keratinase production were
determined to be glucose 0.15% (w/v), beef extract 0.08% (w/v), KH2PO4 0.12% (w/v), K;HPO4 0.02% (w/v), NaCl 0.07%
(w/v), MgSOy4 - TH,O 0.03%, MgCl, - 6H,0 0.04% along with initial pH 10 at 200 rpm and 25C, respectively. The
production yield of keratinase was 31.6 U/ml in an optimal condition, showing 4.6-fold higher than that in basal medium. The
strain H10 also showed plant growth promoting activities. This strain had ammonification activity and produced indoleacetic
acid (IAA), siderophore and a variety of hydrolytic enzymes such as protease, lipase and chitinase. Therefore, this study
showed that P. geniculata H10 could be not only used to upgrade the nutritional value of feather wastes but also useful in situ
biodegradation of feather wastes. Moreover, it is also a potential candidate for the development of biofertilizing agent
applicable to crop plant soil.
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uRS 7}E o] AR AR QIck 12t o] M2l
= e} of | e ® 217t e e He s,
A 2] v]-go] ol A A o], UK ofu|=ito] up
&7 qhek B3 AR R o] 83 B9, 71| 45}
T YolA] Asheo] Rk Wk ZHA] AL Qlek wek
A S REA 1 A 2o} Hlg Hike el i ES
0|83t S &dl 7lwo] tigter wWe=a ik
(Papadoulos -5, 1986).

2t g o7 e SE nAlEe] ofsf A4
5] o=t o] vl 523t &S 5= Ao g
Zoll 415z w]Eo] AASHE Tl Hafadel
keratinase W+= keratinolytic protease®|tHBertsch2}
Coello, 2005). o] &t AR o] BF&] 7l o] %, A AJA 1A
S g g AL Qe S5 HrlES AEdEe
2 Agstr] Q1 A7t ErdetA A3y e qlom,
A= o] A4FSh= keratinase S 214 A|AE 91t 3t
A AR L AR BE, 7 AE 3ol Als
A& $8stele e A& QJtHOnifade 5,
1998). 3HH, AR &4 H7|[ES Ao Hm=A A
|7 w2 A0 R HuEo] gl s slet
Aom et AbES wEHEY] A SXskH
(Nustorova 5, 2005), $-2= 9484 A v 5224 AF
& 7Fs/d0l =2 A o= B ¢ith(Hadas o} Kautsky,
1994). o]2|3t W ol A S-2E Eofish= njdEo] A
2 AL 2251 B ZITE S R
2o wrh 59l A3 YEn R BohE 5
91 Aol

R|27VA] Bacillus sp. (Lin %5, 1992; Zaghloul,
1998), Chryseobacterium sp. (Riffel 5, 20070),
Vibrio sp. (Sangali®} Brandelli, 2000), Actinomycetes
(Bockle 5, 1995; Mitsuiki 5- 2004), Aspergillus sp.
(Parag®} Hassan, 2004), Microsporum sp. (Lee 5,
1987) 59 W2 n|RyEE0] keratinase S AYAFSH=
Ao g Baxo] glo] B4 Fof| 91 EafAlto] uj
- chopsbl £A1eHE o 4 Sl

2 A o] 4o keratinase & AJAkste] S E
agzog Bag 4= Q= Pseudomonas geniculata
£ 2z pejslo] 7|4 Sol4 58 mist v} oot
(Go 5, 2012). whA] 2 Ao A= o T ol
keratinase A4t 2| H| 23S 2ALSEAL, FAof ARt

T A £ 24S HETO RN JdEd
Au

Qo] ESHA 7] U BaiHEo] HEH| R 2N 9
©990 o3l 7| 2R E I EskA} 5.

2, Mz A W

21, AGZZ U HUEH
Keratinase YA QJ8]| AFLSF = B A3 Ao

o
o

A Ed 3 o
e Y P. geniculata©] THGo 5, 2012). o] A
2.2 71ge] 84 o] S0l Qe Mk
B 223t #5o]th AujokS 50 ml 2] nutrient broth
7} &5 250 ml Erlenmeyer flasksof] w55 53}
o] 30°C, 200 rpmolA] 24 AZHESF Wleskct. o
2 A FH 2% (v/v)E 50 mlo] 7] Euj x| 7} g5
% 250 ml Erlenmeyer flask o] &35t &, Aulj o} 5
A7t oA HFsERATE AR 7] EHlR] o] 24
2 KHPO4 0.04%, K,HPO, 0.03%, NaCl 0.05%,
feather 0.1%°]310H, 7] pH 7.0 ¥ 2 25|
Ak

Fa
5 %V RS BE S
=

2.2. One variable at a time (OVT) gHoj| Q|8
keratinase MAIRZ1 ZHE

Keratinase AJA=271S 2| 2|5}1517] 9falf ARSRE =
e OVT olm, ghagd, a9, 77|19, pH, &
T 9l A& oA iR Bl ajfEtde A
7| A] keratinase 42 ZA3FAch

7+ eAQ(glucose, fructose, sucrose, maltose,
lactose, galactose, glycerol, mannitol, soluble starch)
0.1%%E vlj&] ol 7Fsto] ujFet -, 24 ghadS A
Aekqinh. 24 ghaxdo] H7He wiR|of Z44F Haxgd
(beef extract, hammersten casein, casamino acid, casein,
corn steep liquor, gelatin, malt extract, polypeptone,
skim milk, tryptone, yeast extract, soytone, urea,
(NH4)2S04, NH4Cl, NH4NO;, NHsH,PO4, (NH4),HPOs,
KNO;, NaNO,, NaNO;) 0.01%5 d7}slo] ujjst
3, 2A] AadS A 0%, KeHPO,, KHoPOs,
NaCl, MgS04H,0, MgCl,yH,O d7} Ad e 214
o= ayskgich

HIA1 €] pH (4 ~11), #2520 ~45C) 2 1Y
(100 ~250 rpm)~7} keratinase A§Akol| w2 oJgF

A
=
3]
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o 2AVEF oW, 7| Hu) Ao} 2] A u) =] o A i SEA 7
of] W2 keratinase 24 0] Ha}=2 24519t}

5259l indoleacetic acid
(TAA)®] 443%5-- Tang¥} Bonner2] %4(1947)0] 9]
slo] ARSI ARlt2] Hijo) 45 Salkowsky
reagent 2} 231510 307 FHRGAIX] 25, HESH 0] Ato]
Ao g Mk Ze TAA /ol e slem 23
BTk AEH=e] o} AAds(ammonification)>
Dey 5(2004)2] "lHo] 2]}, siderophore XA}
2 Chrome azurol S assay (Schwyn} Neilands, 1987)
of] oJ}eq, A EH U ot AlEAJE: Fall G4y amylase,
cellulase, chitinase, lipase, pectinase, protease)2] &
3-8 standard method (Gerhardt 5, 1981)of 2J5}¢]

44 Bt

FeHE 2R AN O T ARSIYLO
keratinase EHJ 242 ¢J3t 7]2-& dimethylsulfoxide-
soluble keratin2 AME-5F T Wawrikiewicz 5., 1987).
Za4% 400 plE 0.01 g soluble keratino] $H-5-%
0.1 M phosphate buffer (pH 7.5) 600 plof Z7}8}o]
30°C, 13000 rpmoflA] 3AJZFERF WREAIHTE 5%
trichloroacetic acidE Z7}8lo] 30571 Ao Hhz]
3o g2 i a4 A4S AAAIZ] F 13000 rpm, 20T
ol A 3087 YAIEeISHcE 280 nmellA] ApSole]
Fes 2gslo] me S 2o, of
keratinase Z4J 1 unit= A7 0.019] &4 = =7}
2 ek F4e] oo olahlr

Agae] ASEE vl vof HEsi ol
3f| -*-2E Whatman no.l1 ojZ}2| & o]§5lo] A|ATH
F, AHO] FFEES 660 nmof|A ST RH el
SFEATE v kel o] Thl Al S5t = Bradford H(Bradford,
1976)Z o|-gste] S4st3l om, EF=4 == bovine
serum albuming ARESIGCE SO HE}Ee 9
o] A=A Hawre SN 5, % WiEER e

Ak

o] et HiX|E 13000 rpm, 4 Cof|A] 307F
a

J

=t

3. Zut & nH

kd

3.1. OVTZ 0|28l keratinase At Z[HxA

ehaiglo)] whE kertatinase S ARG Aik=
Table 10|A] Hi= v} 2t} 7F §ha& 0.1%4 3
71312 w] glucose, sorbitol Z1&] 3 glycerol©| ThE EF
Aol v|F) =2 keratinase AJAH6.9~7.9 U/ml)=
sttt BAUS A/ Aok ASoE 44
U/ml2] keratinase7} AJArE]o] w7} ekAg oz 2
= & 5 Uslen, olzgt Avk= Jeong 5
(20102)2] Ha1o} ARSIt A7) Al g 7t
TR HUlste] keratinase S ZRARRE Al
glucose 0.15%°l|4 714 =& &A4(11.0 UmDE L}
B lck(Fig. 1).

Table 1. Effect of carbon and nitrogen sources on
keratinolytic activity of strain H10

Carbon source Ke;ittliz?tl}}/’tlc Nitrogen source Ke;ac?ir\ll(i)tl}}/rtlc

(0.1%) (U/ml) (0.01%) (U/ml)
None 44 None 11.2
Glucose 7.9 Beef extract 14.7
Fructose 4.0 Hamme.r sten 13.6

casein

Sucrose 53 Casamino acid 144
Maltose 6.3 Casein 124
Lactose 4.8 Colrir; us(::ep 12.1
Galactose 4.5 Gelatin 13.4
Glycerol 6.9 Malt extract 12.7
Mannitol 5.9 Polypeptone 13.9
Soritol 7.8 Skim milk 133
Soluble starch 6.2 Tryptone 143
Yeast extract 13.8
Soytone 12.2
Urea 11.2
(NH4)2S04 10.9
NH,Cl1 12.3
NH4NOs 11.1
NH4H>PO4 12.0
(NH,),HPO, 11.2
KNO; 13.1
NaNO, 11.8

NaNO; 12.0
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Fig. 1. Effect of carbon source concentration on keratinolytic
activity of strain H10.

24 ehaglo] AHE iAol 2% Aa9g 17}
3}o] keratinase ]S FAVSE Aa), HAriE nE &
71842 keratinase E/4J& S7HAIF=H, 53]
beef extract, casamino acid ¥ tryptone2 714
] ketratinase E4Jo] =34TtH14.3~14.7 U/ml). 7]
21429 2 (NHs),S0s, NH;NOs, (NH,),HPO4, NaNO,
L keratinase Z4J-S AdstAL HokE Fak= ¢
o1} 77 9] F7) AU L keratinase TS F7HAIZ
). YHbA o g F7] - A2 keratinase 2492 A3
Qthal Hal(Rao -5, 1998)F o] qlo], & AdAuet
CthA Abolstgit) Beef extractE 0.08% A71312 w
keratinase &4J0] 16.3 U/mlZ 7} = tiFig. 2).
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Fig. 2. Effect of nitrogen source concentration on keratinolyitc
activity of strain H10.

7] 2 uf 2o H7FE o] ¢l+= KoHPO4, KH,PO4,
NaCl9] ‘== of| k= keratinase TS ZAFSH 2it=

&

o .
A& T

Ho - &35
Table 2] 4] ¥i= ve} 2} KH PO, 9 5= 571
upet 54 2 v[EH 08 F7FsEe] 0.12%014] 7}
% =2 3207 U/ml)-& Yetfiglow, 71 ol ite] &
Lol A= keratinase &4 o] A3t KoHPO, Q)
A9, 0.02%0 4 7H =2 34 24(21.4 U/ml)=
UER ¢, 71 o]/2] o] A] keratinase 2Hd->
v 12 AA5HA -2 = Qleh T8 NaCl2 0.07%7k
A Feof vlFste] m4 €44(22.4 U/ml)o] 7]
ow, 71 o]Ae] = of A keratinase BrA]-L 7FAS}
At Keratinas AJ4te]] G v)2]= A o2 Lefxl

Table 2. Effect of inorganic salts on keratinolytic activity of

strain H10
Tnorganic salt Concentration  Keratinolytic activity
(%) (U/ml)

0 9.8

0.02 11.4

0.04 14.9

0.06 15.5

KH,PO4 0.08 16.2

0.10 18.3

0.12 20.7

0.14 18.1

0.16 17.4

0 12.8

0.01 214

0.02 214

IGHPO: 0.03 19.9

0.04 20.8

0.05 21.1

0 14.9

0.01 15.7

0.03 16.1

NaCl 0.05 18.3

0.07 224

0.09 19.6

0.10 17.1

0 19.4

0.01 20.9

0.02 21.5

MgSO4 - 7TH,O 0.03 23.8

0.04 23.5

0.05 23.9

0 20.5

0.01 21.1

0.02 24.6

MgCl, - 6H,0 0.03 253

0.04 26.2

0.05 18.4




W

G2 A ST ES) Pseudomonas geniculata©l 23t Alebel Eaj| G4 AU 25497 22 S 1461

(Rao 5, 1998) MgSO, - 7TH,0 2 MgCl, - 6H,02] =
7} A7 AR AR Aa), = 57]9 5 keratinase
S 771 2P stk & MgSOo, -
7TH,0 2 MgCl + 6H,02 212} 0.03%, 0.04% Z7}1A]
T B40] 23.8 U/ml Z 26.2 U/ml-S Ul 2k
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Fig. 3. Effect of initial pH (upper) and temperature (lower)
on keratinolytic activity of strain H10.

uj x| 9] 27] pH X vk =7} keratinase Z4J 0]
1A= P AR 2= Fig. 304 B viep 2
t}. pH 4~6.52] ¥ o)A keratinase 242 10.1~
12.1 Uml& A8 dde] g9 oz Fhof wet
A F7Fko] pH 11014 24.5 U/ml &] 2|31k e}
Y2t} o]@]st AT keratinase AYARS: A ~okzh
24 ol ofitrh ol He| Hue} B X3}
A tHSuntornsuk®} Suntornsuk, 2003). Z1}of A|A|
SHA| = EUAITE A=) A5 = pH 7ol 4] Aseo
710.5575 Yeh Rl ot de] d 2l pH 9~119]

4] 0.819~0.8425 YERY o] B 5= alkaliphile )
S & 4= Q)i E3E 20°Cof|A4] 17.3 U/ml, 30~35C
o[ 4] 19.9~21.7 U/ml, 40~45Coj|4] 3.8~6.8 U/ml
o] 3| g3l= keratinase /- YEFY 0T, 25T
4299 Uiml©] 2)31gk& et gict. ke, Ag

== keratinase 4] Oﬂ = ke u| x| x| &Fkom, 200

rpmof| A 71 23S HER ATHTAIAD.

MZZHOA keratinase A§At
oko] A13)-S E5}o] 3121 keratinase ABAF A%
A& glucose 0.15%, beef extract 0.08%, KH,PO4

—@— Optimal medium
—l— Basal medium
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Fig. 4. Keratinolytic activity and cell growth by strain H10
in optimized and basal media.
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0.12%, KboHPO4 0.02% NaCl 0.07%, MgSO, + 7H,0
0.03%, MgCl, - 6H,0 0.04% (pH 10, 25 2 200
rpm)°] Aet. | ZJufR|of| 4] HHFAIZE Ztfof| whE 7t
T o] HEkE WSk A= Fig. 404 =
ukel e}, 7122 ofl 4] At v 1241207
A BEs7E A 710 =Eekglom, keratinase 2
A& 230 6.8 UmlS e gick. v, 220
A ioFEl AR oF 6 Ake] GE71E A T,
o417 ]o) e, Mok 36 A7) A4 0
= A3 Keratinase o] Ak w4 53 B2
slo] Z7FsHt7E 36 A1 Aol 31.6 Uml o 2|11 &
HoZzo] 7] HulR) 2] 4.68} 0] 35]= keratinase AJAF
NAE7} Sl A e® vepgth gk, 72 x]o
A S BHRE 56.1%2 LrehGLOt 2 &)<l
A H74E E SR} Bal(100%) HAEE o
1tk Wl Ao M7k $uo] g, Hankg
o AHEEL 714e] 7 9 WA SOl Aol om
Qlstod 7] B a1E keratinase 43t 2 A9 ALE %
AFo7 v|wst == AW Xanthomonas sp. P5
(Jeong 5, 2010b)Q} Bacillus subtilis S8 (Jeong 5,
2010a)°f] &J&t keratinase AJARS- 5T} 4 0] A Q5]
HiH, 2 Mgl o3t Ja YA 24 A)TF o]
o] o] Kt Zh2 TheAlLte] keratinase S A 4Hek

2 O O OF A
T(})J]\\:le E]—Tg}\(}dq'

-.

Protease Lipase (tributyrin)

Ammonification Indoleacetic acid

& 3t5= Chrome azurol S B x| 2=Y =
2]of orange zone-2 &4 tol| wet siderophore YA
5ol A= & 4= AUk Siderophore= A o] 23}
At 4= Qs AR A, A2 B9 Aol A
2 o3k Wyt ohje} AR ol 4d S gl e
4 AE ABBNHORA B Bl 2R Fi
Ao 7 HiEo] QltiPandey %, 2005). 3tH, A3
50} 1AA A4 1 hEuioh A5 A1)
91k AR Mok APEOS: A7 HEAIT ekl
o= Wsigo] w2 Ap@a 1AA 9 ghmujo} A
A0l 9L o 4 SlSiEh IAAL ThEA Q) 418
A mamo 2, W2 A4, T 94 5 Eois
Ao 7 Bl gltiKhalid 5, 2004). E3}H v| &
< Aol AL Foto] FAHES Aol Rt
Zato] 52 AAlske Aoz A A AtiDye 5,
2004).

4,

my
I

& dollde e Eefd

4
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rir
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o
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i

Lipase (Tween 80) Chitinase
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Fig. 5. Various plant growth-promoting activities of strain H10.
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= P. geniculata®] keratinase YA+ FHZ AL OVT
HhH-S Fto] ARSI T 2 H keratinase AJAF |
& vjR] A glucose 0.15%, beef extract 0.08%,
KH,PO4 0.12%, K,HPO4 0.02% NaCl 0.07%, MgSOs *

TH20 0.03%, MgCl, - 6H,0 0.04%0] .01, 4] ]
FZ AL 7] pH 10, 25C 9 200 rppmo| it} &
2710\ A] keratinase AJATF2 7] 2 u) 2] H o} 4.68) 7H
AE|Row], SR 95| Bafsidln B AgRrs
protease, lipase & chitinase 2} -2 A EHAA] 249
A2Ed well Ay, Al TEEQIIAA, A
A Ao ABL-2 A 3l5}= siderophore, ammonification
5] S 7P ek whebd 2 3 Su
7)) ek H2lE Fa o] Ao 7
ot S5 H7]E0] dAoA ] EafiEnt oy
oh e = Tl -8 7Fs Aol e U 4=

ATt
zAel 2

o] 1R 2010 FH(IET & 2] A
O = FHATATEY AL ol AR 72 AT
A YTt No. 2010-0023046).
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