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Partial Characterization and Induction of Ferulic Acid Esterase and Xylanase from Pseudomonas sp.
LG2. Kim Yong Gyun*, Lee Sang Mong, Park Hyun Chul, Kim Keun Ki, Son Hong Joo. Dept. of Life
Science & Environmental Biochemistry, College of Natural Resources & Life Science, Pusan National University,
Samryangin, Miryang 627-703, Korea — Lignin degrading bacterium Pseudomonas sp. LG2 was able to
degrade lignin substrate to a lot of APPL compound. APPL compound was detected in culture super-
natants from Pseudomonas sp. LG2 grown with BSG(brewer’s spent grain). FAE(ferulic acid esterase)
and xylanase are induced from Pseudomonas sp. LG2 in the presence of carbon sources such as oat
spelt xylan, HBSG I, I (hydrolyzed brewer’s spent grain [, II) and AFBSG(autoclaved fraction from
brewer's spent grain). However, xylanase and FAE are not induced by growth of Pseudomonas sp. LG2
on xylose and arabinose. Pseudomonas sp. LG2 is grown on medium containing oat spelt xylan, HBSG
[,0 and AFBSG and the induction of FAE and xylanase activities of extracellular proteins de-
termined during 14 days. Maximum level of xylanase activity(5.3 U/mg) found at 6 days in culture
contained oat spelt xylan as carbon source, whereas maximum level of FAE activity(15.4 mU/mg) was
found at 8 days in culture contained AFBSG as carbon source. Most ferulic acid was released in cul-
ture supernatants when Pseudomonas sp. LG2 grown on oat spelt xylan, HBSG 1,1 and AFBSG. FAE
of extracellular enzymes was also specific activity on methyl ferulic acid, methyl caffeic acid and
methyl p-coumaric acid respectively, but not methyl sinapinic acid, methyl vanillic acid and methyl

gallic acid.
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Ferulic acide o2 7}A] A& MEyd vlud 15EE
ZA) 3= hydroxycinnamic acide]th. A& $]o]A, ferulic
acide 2|9 FHEe A BAHA v} fFE &5
38 EPARZA oA 7tA edER Zske 3y 95t
A EA 8 ollzt B AAEET 8 7HA ester B
amide 3B} 2 monomeric 3-& dimeric |2 T3 HF 2
st £A18}5,6,14]. 181 flavonoid 2 malic acid,
tartaric acid, tartronic acid, hydroxycitric acid, quinic acid,
gluconic acid, hydroxy A%it 22 o8 7}A hydrox-
yearboxylic acid9] ester2 A3t AL}, BlF4 ferulic acid
esterE5-& o] 71A A& sterold}t 71 Al<& alcoholE3 A
3le] &) §c}24]. Putrescine, tyramine £-2 trytamine}
amide?] ferulic acid®] &2 A 5o QlojM 87 AEHA
9 A2 A7H3 eH32]. Ferulic acid esterase(FAE)
= 2¥ lignocellulose &3] rlAZAAMT 228 =4 Al
X9 8424 FAEE ferulic acid9} hemicellulose 7t9] es-
ter 23S 7145 38)8F1, hemicellulosed] &4 2 E&d tj
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T2 hemicellulases$} §F5H o2 ZA-&3t}13]. o] HF
ahe @A lignocellulosed H71 &9 AESH HE7

bio-pulping, bio-bleaching 4t} &8 5& 913 FHHsA
AFE 3 Aok FAEY ME S fXo]i= wheat bran, oat-
spelt xylan £-& AvicelZ& lignocelluloseid 7|2 E o] H
Q& Streptomyces olivochromogenes[12], Streptomyces sp.
C-2483} C-254¢] WA 3} Aspergillus{4,6], Pseudomonass;
[1,3], Penicillium%[79]5 ) RuE et W= Az 330
A EAe FAHEQ brewer's grain(BG)ol= 39% hemi-
cellulose(=2 arabinoxylan), 24% pectin, 17% cellulose, 6%
lipid, 4% lignin® 2 F45 o Yot AR A 71A4F £4=2
QoA e AN2(H, 23, 38 2 WHE FHAT s
5 wheat bran(WB)ell= F2 38% glucuronoarabioxylan,
16% cellulose, 6.6% lignin, 25% T2, Bd &3 AFH p-
D-glucan®} 3 ¥%0] 9l arabinoxylan®. 2 FAE o] 9o
o, BGS} WB 2R 4A%F 2 g7 22 phenolic
398 2 BE f8 dgFEol FHH AD214]
Monomeric &2 dimeric 8¢ ferulic acid+ arabinoxylan
9 pectino]] arabinosyl®} ester 23S 3l o]E diferulic
acids(diFA)= MX 9 2R 2 gadd wxt 23t A



de WHd, £43F sl AEA doA e ferulic
acid antiviral{10], A J484 2 FRIA[27], FIW
AR, FAAL62FOE o2 4 ol v A
BAAA Y8 AHEE F dof o #E 47t AR HT
At ol B Afte AR A F4F ¥ BAEY 2A
B 888 93 lignocellulosed B2 £8)¢t 71540l AU
+ aromatic acid AHE-<l ferulic acid A4 2 FAEE Aj4ks}
1A Pseudomonas sp. LG2E o] &3to] A XY E49 f:
% 0 zR4e 548 d7dd
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Pseudomonas sp. LG2E lignocellulose® &3] & 4 ¢l
wF2A oju] Bad FFo|w[17], Pseudomonas agar F
(Merck, Germany)uj x]o]) w] <} 2a3lH ALE-st$ ) Ao
AHg-E WA e 1% e29, 02% (NHy):S0s, 1% Na,HPO; -
12H,0, 0.1% KH;PO4 0.02% MgSOs - 7HO, 0.02% Nadl,
0.005% CaCl, - 2H,0, 0.6% yeast extract, pH 7.0%1 #iA &
250 ml 3zt Z et 236 50 ml BF8le] AFsgon], #F
E MRS v z]of 48417 T FF Wi T T2 1%7} HES
HZ383 30ToIA 150 rpme.2 U4 717 T W FTh
Bkl 7+ 7)7kwbe} %3 ¥, Whatman No. 12 o 3}3}
o #2351, 10,000 rpmol A 1057+ A2 kol &
A7 A wat 40%0]A 70% ammonium sulfate® ¢
A g BXNET ALSE o 7] 4T B e §2 A2
ko] Ay AMg-stAT

sAEN U DU B2 AE

Ferulic acid esterase(FAE)9] 43 ferulic acid $%4-&
Ralet[24]9) #H4-& ¥ 3led 0.95 mM methyl ferulic acid9}
MOPS buffer(pH 6.0), 32 2% 284 &4 10 mge
Z54 10 mlo) 8383 2a NG EF wikste] 37T A
1412 5ok ¥bSA171 3 100T Al A 5&7F A este] Aiukg
£ RAA A7 F UV spectrophotometer(UA-3000, Pharmacia,
Sweden)E AH&3le] 315 nmolA ZAs T E484L
2o 1 uM9)| ferulic acidE FA7le 849 Fog A4
ot ® 3 ferulic acide u-bondapack CI8(25 cm column)
< o] &3 HPLC(AKTA system. Sweden)2% 3213t} #
A Z2AL columng WA 0.02 M NaOHe} 0.02 M phos-
phoric acid7} 38 15% acetonirileZ B ¥ 3} 1, 497
acetontrile 7|2 2% 3t} =, 15-35% acetonitrile2 104,
35-70% acetonitrileZ 5%, 70-97% acetonitrileZ 1%,
97-15%acetonitrile2 22318 A 315 nmo)A st
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Xylanase 842 o]n] 9tollA B33k bincinhonic ¥y ol w
2t 1% oat spelt xylang £3fste] AAse #43Y F&
ZAstY a484E SASATHS. LBPL 37T, pH
6.00] £ 1 uMe] BYFE FEste F2 1 unit2 JYF
o} wjokole] vl &eke bovine serum albuming EF
v A2 3= Coomassie Bl a E4) A ok(Bio-Rad)g A}
£3 Bradforde] W oz ZAc}

Ferulic acid-rich fractions® HZ=

Ferulic acid-rich fraction& Bonnin{5]% 2] ¥¥ o ule} =
ZFdh(brewer’s spent grain)S o]43te] AZFP} ARl 50
mM trifluoroacetic acid® 100 oA 1A]7F 305 A=) & 4F
FEE 4 w9 ethanols FH7bste] HAAI|Z FFHS
283l 52 A%3 A 852 &4 Y HBSG [ (hydrolyzed
brewer’s spent grain [)Z 3t} E2A4 A9} ethanol &
AZL 35l thA] 150 mM trifluoroacetic acid® T &
ZA0 A 7h5E8 AlA ethanol AT A3} & AL 5
AE 52 Azdto E A3 @4 U HBSG 12 AHER
t}. AFBSG(autoclaved fraction from brewer’s spent grain)
o] A|Z+& Saulnier[28]% 9] o] W} autoclave(120TC, 60
A SaE 2L 44 B 2 AH= 5o 52
Az3 NFEE AFBSG(autoclaved fraction from brewer’s

spent grain). & 3}

APPLS &3

Pseudomonas sp. LG2¢} ¢35} 45 & APPL(acid-precip-
itable polymer lignin)e} &78-& oA B g Wyl wet
extractive-free lignocelluloseE A Faho] ZALSIHTH17].
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Polyacrylamide gel electrophoresis(PAGE)«= Laemmli<]
WH[19]S £A8e] AbR-8t Qo) 3% acrylamide® ¥ stack-
ing gel#} 10% acrylamide2 ¥ separating gel& A}-§-3}o
A g @3 30 pg g loadingdt ¥ A719F S 4A0S A
7195 F gel€ 2ALYHA st &2 B4 FH A}
4319tk Xylanased] &4 84 g4& Royer #WH[26]&
W3 et 243 YT} Agarose (Sigma type 1) 2 g2 phos-
phate buffer(pH 6.8) 100 mlo]l £33t xylan £ re-
mazol brilliant blue-xylan 2% §9-& 128 &3t gels
Azt Az geld dUA geldl B 71X E AAT
Z AR3te] 37CA A 1A 98 A}F) 3 95% ethanolel] 30
2 st &8 FAEY &4 E4& Ferreira [15]5 9
o] wil 71224 70 mM phosphate buffer (pH 6)
0.05% 4-methyl umbelliferyl trimethyl ammonium cinna-
mate chloride MUTMAQ)E &3 8o 37T A 1Az
HH&A171 3 312 nmoll A E4 ¥ bandE U3t AT
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APPLS &4

Pseudomonas sp. LG-2¥& lignin(aldrich #|%)& £asta
3t B2 APPLE AAFTH17]. Pseudomonas sp.
LG27} A4 lignocellulose 8] £ 7VeAS ZAMsl7] 9%}
o BSG(brewer’s spent grain}E extractive-free lignocellu-
lose A|8 2 A}8-3l4 Pseudomonas sp. LG27} A& 9] ligno-
celluloseE #3)5le] APPL 338 AAseA 1579 ¢
Ao g Fekg 2% ARE Fig 1o Yetdoh 7t wi gy
g APPLY & v Y71 4571

A A% F7rste] wioF 470 8315 mg/100 mio] A4
Aoy 1 o REE HAase AFE B ol A&F
5 A8 Za9 Euld 93 23

Ao 71 dtReL 2 ol F RElE 3 AEe] Z4F A
29 al o8 o] HHSA @& FAR LeHE Ao
"2 AZEY. Monties[21]59] R w2 Streptomyces
viridosporus T7A9] 7% lignocellulosed] ®38jj= 2317 &
g3} ¥ 0 2 intermonomeric f-ether 23S 133t
2l2d $@ Aol phenylhydroxyl, a-carbonyl ' carboxyl
acid group$& SHETha R on, APPL & 2ad Fa &
+ ethylated p-hydroxybenzoic acid(4-hydroxybenzoic acid),
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protocatechuic acid(3,4-dihydroxybenzoic acid), vanillic acid
{(4-hydroxy-3-methoxybenzoic acid), syringic acid (4-hydroxy-
3,5-dimethoxybenzoic acid)7} #fEHo gion, =3
APPLsOl& 7)1 24 (2-3%) B318(2-3%) 3L (4-5%)F £
&gt ozl w) gad AEe] B odx g 28y S
viridosporuso| M = aromatic acid®] &go] Etor}, S. bad-
wusol M= APPLsS mj$ Al AR 9t} Benzoic acid )
& GA) AHEE 27) 7] 0] softwood, hardwood &-& grass
lignocellulosedl] w}g} APPL £3) &= p-hydroxybenzoic
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Fig. 1. Production of APPL compound by Pseudomonas sp.
LG2 during growth on media contained BSG
{brewer’s spent grain)

acid, vanillic acid, syringic acid, ferulic acid(4-hydroxy-3-
methoxycinnamic acid) 2 p-coumaric acid Z-& aromatic
acid7} %o g-f=lof Ut Sterptomyces lignocellulose
53] A ester23-L 7}458)5to] aromatic acidE 8] A1 A
DES 929 2 duUXdoE YA ojgdtde 59 A
£ v]Fo] B o Pseudomonas sp. LG2 A A9 ligno-
celluloseS F3) o] 8-8t7] 43t 4 742 AxE9) A7)
eI A=A

B4 A st BARI0 HE

oA 7HA] A Y& o] &8t Pseudomonas sp. LG22 E-E]
F 5= B 5E FAES xylanase A|¥9 ZEAE 7)Zu)] 2]
BA9E 1% T3 wiAo) 5 Bt wlgs F w45
Aol FA8HE ZAEA] Table 19] Y} Th FAE 549
Bt AU E RRE AU WG WA
FAES] &0l gllom, o] Pseudomonas sp. LG27} glu-
cose, xylose & arabinose 7+& TE-Fo)) ¢} FAEQ A Alo]
FEHA FE AL vFo] B o 3o Had x| g
2 o5 $4 o3k o2 Azt oo W oat
spelt xylan, W o}ul(brewer’s spent grain)o.ZHE A =3
ferulic acid-rich fraction¢l HBSG(hydrolyzed brewer’s
spent grain) I ¥ [I, AFBSG(autoclaved fraction from brew-
er's spent grain)g AU oE H7ISH wlzlofA] FAES &
AL vLstg o olE F AFBSGE HF 1S of 5409
FHO71 mU/mg)ol A3 5& 20T ek,

3 xylanased] 7%, 9Fi FolA glucoses F7heh
#1210 2 xylanases] 24(0.24 U/mg)o] ZA}5)o] FAES]
A9k ztol7t AAth 1@y} oat spelt xylan#} HBSG [
L9} AFBSGE #7}g vl A A& xylanased] &4jo] &

Table 1. Effect of different carbon sources on ferulic acid es-
terase and xylanase activity in culture supernatants
from Pseudomonas sp. LG2

Ferulic acid  Released ferulic Xylanase

Carbon source esterase activity —acid contents activity
(mU/mg) (mg) (U/mg)
Glucose ND ND 0.24
Xylose ND ND ND
Arabinose ND ND ND
Oat spelt xylan 0.56 0.07 1.34
HBSG 1 0.33 0.63 0.78
HBSG I 0.60 0.67 0.71
AFBSG 0.71 0.77 0.84

Maximum ferulic acid contents determined in culture super-
natants from Pseudomonas sp. LG2 grown in media contain-
ing different carbon sources, Results are the means of tripli-
cate assays.

* ND. not detected



T ZAME NS, 53] oat spelt xylang H7}3 wjFol A
o 84(1.34 U/mg)S et} Pseudomonas sp. LG2& &
2992 HBSG I 2109 AFBSG, oat spelt xylang- 7|4 &
Abg-stel vjFd A3} FAES xylanaseE EF A4behe A
o2 vt ol g@add o3 AE Axdyg FA3)
+ clellulose, hemicellulose @ 213 B3] o]8d Fa3d
BAV = £ € Aog g o) g Adle ligno-
cellulose® ¥-3)31= Phanerochaete chrysosporium(8), Penicillium
xepansum(9], Aspergillus niger[6]32-2 Fungi$} Streptomycess;
[5], Pseudomonas2:[1,3]3 2L t]AENME o3 cellu-
lase, hemicellulase, ligninperoxidase 2 Z}% esterase® A
A+ 3te Bust AR 43S BEAY. FAEY 24 =
NAYL Z+E SdAYE 7|42 AFR-S Wl kol A Pseudomonas
sp. LG29l| 9Ja] &3} AAHE ferulic acide] §t#S wluwz) 2
o] oat spelt xylang 7|22 vjFd s FAo) A9 ferulic
acid 9t vf¢ wgkon, Axeld i dY FFH et
Me A F & Aol7E A B FAES] 843 ferulic
acid®] Faobe 45 A7 gle AeZ AZHAT. oY
& A g49 Ak ferulic acid R e 45 AH 0
U ThH= Tenkanen[31]9] B9} {84t

= ©®AYU2A oat spelt xylan, HBSG IO 2
AFBSGE gt e A oA wljk717kol whe} Pseudomonas sp.
LG27} Aibetes Az delde] FAES xylanased] &4
245 zAsto Fig. 24 Uglth 33/ € AEd g4
A3} oat spelt xylan & 7] A& 3lo] FAES] #A& &4
A3 HBSGIS 74 uj7|zro] 1098 7$ Ao 47
mU/mg)g Ben, HBSGO Y 2% Wi 12¢9) Huj 2
44124 mU/mg) Bt =3 AFBSGE w4 8o Hul &
’3(154 mU/mg)& velgc} 28y ©499] oat spelt xy-
lan 7§ FAES] &HAo] v} 8UollA Hof &A4(44 mU/

Ml oy o

LN
1l Oreenee HBSG | / \
~—-9-—— oatspettxylan / o
—--g-—- HBSGII / >" ~.
121 — -« — arBSG : A\
N
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Incubation time(days)
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mg)-& B Xylanase?] &4 GA| LE @4 E 748
AR v ROl 2AF g, HBSG T, 19 2% ul% 8Y
A EA BAH(L5 U/mg 2 13 U/mg)o] 242t 273tk 1
O|FRE < HAF Aaste BEFE HJon, AFBSGE &4
d4o2 P& Ur 2 AFE BYH17 U/mg). 13y
oat spelt xylan®] ¢ Wi 6U(5.3 U/mg)7tA Z713ck 8
Q21 U/mg) o F3E = FAGH] 2AsHYTh Ralet24]5
& AES A A wheat brand]& feruloylated arabinox-
ylango] Ff-5 o glof v & of3) Wad 4L BF
B4 Celluclast(5Z proteinase, p-glucanase, xylanase
37)S wheat branol] Ax]]dte] arabinose?] Cso ferulic
acid7} ester A% % feruloylated oligosaccharides® | %3}
3, ©] Celluclastg 7}835te] A& feruloylated oligo-
saccharidesE BAYO 2 ALE-3lS] Aspergillus niger 2 5-¥
FAE 1 #4191 mU/ml)e] FE5HE AoZ Bujlon,
2 xylanase®] 84 9A] Hi Ao Huct FH A
#& A AT sugar-beet pulpoll= feruloylated pectinso] 3t
frEo} dong ujAEel o) Aid FPE BFAaLA
¢l Driselase(arabinase, cellulase, xylanase, polygalacturonase
T3 Z2 glycosidase ¥)E sugar-beet pulpell Axj]a}
&] arabinose?] C; &£ galactose®] Ceol ferulic acid7} ester
A% feruloylated oligosaccharidesE )% 3}o] o] Driselase
2 71883 feruloylated oligosaccharidesE 7|2 2 A}4-3}
o ZALgE A3} FAE o] &X4o] 561 mU/ml ¥ o, 1
xylanase®] &4 94 Hrjel Aoz Bagch ¥ 499 2
& MacKenzie$} Ralet $[20,24]0] B3t A= 2L 2}
ol HEeH, ojs @AY E AISH 989 £5 2 7
g, 4 99, By, £54 59 948 A $AHe
lignocellulose] %3] A= 7]918 Ao g A7 At 1
U AHEE B YY) FF9 wet xylanase®] 847 FAE &
o] AA7I Tt Aol UUAT G4 AS Easte] o
AMEA Ee Uz Loz o] &3] 98t xylanased] 2§

6
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Fig. 2. Times course of ferulic acid esterase(FAE) and xylanase production by Pseudomonas sp. LG2 grown on media contained
different carbon sources such as oat spelt xylan, HBSG 1,11 and AFBSG



572 BB URIX] 2007, Vol.17. No. 4

3} FAES] Xg0] N2 438E 280] Y& 02 47Y
t}. 38 Bartolome[3])¥} Faulds[13]§& Aspergillus niger$}
Pseudomonas fluoresscens subsp cellulosad ©]§-3t feruloy-
lated hemicellulose 7] (de-starched wheat bran)9] 3ol
B A7 A oligosaccharide chain¥} ferulic acid unit 7+
o} 2% Fejo] @& AolFH L dtn gt

&29| Phenolic acid®] methyl estersOil CHgt HtS

DPseudomonas sp. LG2& &4 HBSG I, HBSG [,
AFBSG g oat spelt xylang ARg3te] A4 7|3} vk &
Ao zFA AL phenolic acid¢] methyl esterd] meth-
yl ferulic acid(MFA), methyl sinapinic acid(MSA), methyl
caffeic acidMCA), methyl p-coumric acidMpCA), methyl
vanillic acidMVA), methyl gallic acidMGA)E A}-&3}o
Z 8429 esterase@ A S Z A tHTable 2). Pseudomonas sp.
LG29) Z& A methyl ferulic acid® t} methyl caffeic acid
o i o & 848 Btk 2y 2 cinnamic acid
9] #EA ¢ methyl sinapinic acidol] thaiM = E48A A
257 @gtcl. 38 vanillic acide lignocelluloseE 748}
+ p-coumaric acid @ ferulic acidell A %5 2| methyl
vanillic acid] methyl”] 7}4=23] &4ol §1%1.2H, methyl
gallic acidol] TH3J M T esterased] 4 A gl Ao X
ALE] Q). Faulds[13] 59 Bl ol31H Aspergillus nigers
o] &3lo] HAE FA 8 SAAA EE]g FAE-[ e &
A 9] &5 wte} phenolic aicd 9] Csoll ZTE methoxy
e 2SS AR, 8 4E GO methoxy]df
&) whg-o] A5 FAT, Ciofl hydroxyzle 8- A3
goha ok m=3 ol 849 7]d2 cinnamic acid®] 4
o] o3ty C=C 2% A%o| glod &40 gtk RuF
o} o33 g & o £ A¥e ALEH ghd o)
Pseudomonas sp. LG271 A& 54 ¢ f=se AXY
ZFArE C=C 2% ZAYo] ¢+ methyl vanillic acid Y

Table 2. Esterase activity(mU/mg protein) of extracelluar pro-
tein in culture supernatants collected on the 8day of
growth containing different carbon sources from
Pseudomonas sp. LG2

Cultures
Substrates

Xylan HBSG I HBSG II AFBSG
MFA 0.8£3.6 11315 149+25 17.1+1.3

MSA ND ND ND ND
MCA ND 10.612.1 15.2+1.7 21.+15
MpCA 0.5+1.2 25422 2321 1.6+1.8

MVA ND ND ND ND

MGA ND ND ND ND

Results are the means of triplicate assays.
* ND. not detected

methyl gallic acidd] tha] A284¢] gle R

o FER Fiav FEHA ¥ A2E F3E4 A
Fauld[12]5& S. olivochromogenes®] 93] A48 FAEE
methyl caffeic acidol] th3] A& esterase®] &0l gItte
BooE 2oj7b Uit E3 Ferreira[15]5 & DSWB(de-
starched wheat bran), SBP(sugar beet pulp), soluble fer-
uloylated oligosaccharides(SFO)-DSWB & SFO-SBP 22 &
298 A3 S, avermitilis7t ARG A XY AAE o] &
3ted methyl esters phenolic acidE 7]2 2 ferulic acid9] &
g ¥&& 1080 A 308 vhg A7) 23 HA 6%AAN H
66% 9] ferulic acid7} A E o), SBPE BAUOE ALE-
3 AR oA F& FAE 2% A 16% 9 ferulic acid7} A 4]
HAohn B s QTh. Pseudomonas sp. LG29] M ES &4
o] FAE &A)o| S. olivochromogenes B S. avermitiliso] ]3]
F=%¥ FAEQ methyl ferulic acid$} methyl caffeic acido]
sl g2A Jdehged), ol & esterases®) f2of A& 7]
A9 Aol e FEHE AEY FAHELA A7t A A
oz 47es ol B @77t Basdnz 42 B0,

GelM9| A EM M

B AF X Pseudomonas sp. LG20 93] f% Hulse
¥9] g do] FAE 2 xylanase £4: @29 £4) #F
#l38t7] $8te zymograme HAStG) Gelidol a4
& ZA187] 93t polyacrylamide gel A719%5S A5+
¢tol A3 uielo| wel FAE 9 xylanase?] 3-8 umbelli-
feryl trimethyl ammonium cinnamate chloride (MUTMAC)#}
oat splet xylang 7122 7}7} AE-3le] ZAS AAE Fg. 3
o) Yebith. 52 A% Pseudomonas sp. LG22] N X9 29
BA2 A7]|9F e F xylanase zymogram (A)S AAISH A3}

ox M

Fig. 3. PAGE showing xylanase(A) and FAE(B) activity of ex-
tracellular proteins produced by Pseudomonas sp. LG2.
The cultures were grown on AFBSG. PAGE and en-
zyme activity are carried out as described in material
and method.



HhS gelo] £93 84 bandE F£o2 HIH0 @A
9] 8] Pseudomonas sp. LG2E 5B FE AAE AXe @9
A9 xylanase7} EATE ¢ 4 ATk FAEY zymogram
A4 9 gd BHeR #1719 ¢ F 70 mM phos-
phate buffer(pH 6}l 0.05% 4-methyl umbelliferyl trimethyl
ammonium cinnamate chlorideMUTMACQ)E 3#-3 &4
o 37TCoAA 1A 7 ¥+4-A)7] 3L 312 nmoll A &4 ¥ 33 band
£ glstg) 312 nmo A 2AMG A3 MUTMACE 7H
2alsted A4E ¥F bandE <l & + YAt Ferreira
1550 9} 7}A) B2 QL o] 83+ Streptomyces avermiti-
lis CECT33397} Aj4ksle FAES] A7idFs Aot fA8H4
t}. 28U Ferreira & o2 7}A &4 Y4 98 €2 F9
cinnamic aicd esterases7} = HTL FAH3H o, £ A
o} PAGE 9914 17] patterng ZAMS ARZE @299
Z5ol we} O esteraser} FEEEAE o] oAt

2 ¢
ad B M) Pseudompnas sp. LG2+ lignocellulose
& 235t} APPL 3 FES A4ste gt o &
BSG(brewer’s spent grain)7} &8 ¥l A|ollA ¥k
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