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Characterization of a Ligninase Producing Strain, Serratia marcescens
HY-5 isolated from Sympetrum depressiusculum

Ki—Duck Kim, Doo—Sang Park, Dong—Ha Shin1, Bo—-Na Han, Hyun—=Woo Oh, Young—Nam Youn®

and Ho—Yong Park*

Insect Resources Research Center, KRIBB, Daejeon, 305-806
'Insect Biotech Co., Ltd., Daejeon, 305-811
*Department of Applied Biology, College of Agriculture & Life Sciences, Chungnam Nat’l. Univ., Dagjon, 305-764

ABSTRACT : A ligniolytic bacterial strain was isolated from the digestive tract of a red dragonfly,
Sympetrum depressiusculum. It was identified as a Serratia marcescens HY-5 by 16S rDNA sequence
analysis and physiological and biochemical analysis. The isolated strain showed proportional increase
of ligninolytic activity to the cell growth in the culture media which include lignin compounds. It showed
about 25-45% decomposition of lignin compound by 48 hr incubation especially, showed effective
decomposition of monomer lignin compounds, vanillin and guaiacol, and a dimer, dealkaline lignin. PCR
amplification of 16S rDNA followed by denaturing gradient gel electrophoresis analysis showed high
density of S. marcescens HY-5 in the gut of the S. depressiusculum at both gut samples which collected
at different site.
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232 AgaollA 7 s AEL o 2 A vheRgt
wlolgn} e AZEHY b ehia Qo B
olgdt 5o MEEAS g 259 T4 nAES
S8 AL BEITA SH AT F1ER
Rov, B3 3ol Mg YHT Belo] gl A
m) &l g A7t Eibs] o] fojx|aL gick A=,
| mAEo] Elfn] o] A%t W Gl HolstaL vk
54(Breznak, 1982; Breznak and Brune. 1994)9} S-E4]
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Atl(Lee et al., 2004), AFYTH(xylan)o] FFFF A1=29]
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shal 542 783 Aldi(Heo e al., 2006)9F 71 9 4]
5, 95 23l oy 71| 2504 EAHE
S 7S 283 A 09ES) A AT50) K1
=31 QQeEgert et al., 2003; Broderick er al., 2004).

2| 1d(lignin)2 A1EA|2 8 9] FHST 12} Al
wol Bast= 1B A} SGHEE cellulose 28] hemi-
cellulose®} 3 AEAEZHE FAoh= A& Fo shit
o|tiTuncer ef al., 1999). 8|12 nf& Exbst 12
AT glon ofdl Hateh PR 717 21y Hale
A sigsty] fsto] ST FARE 2 SEE
oj-gstyirt 1E|al gjad Faof g 2d SE
Askahs Bafol ok @] Yel o E|ri(Kinya er
al, 1998). AHoiaele] 2] 1de she et tickde) 4]
EE o]FoZ HHlEtE=E = 4 9lem(Claudia e
al., 1996) 2} 1dol A== d3rso| TS 7L
7] Wl 2l1de A Bat £ o Wik oz
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stsict.
2|J4 EsfZFol MY

a2 E52 Sundmand}t Nase (1971)7} 7|3t
simple plate testH o] e} RAFSFE T} 0.025-0.1%
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e - sheba AE2 30221 ol =519 2 M, oxidase
ZHA], catalaseZH4, indolA A, nitrate$ P} EHAAISH=
Smibert@} Krieg HHH(1994)S ARSI T, 7141 AY
glsl A%S. API 20E (BioMerieux St. Louis, Missouri
USA) 2| A& 5]= kitE o]-§sto] =aYsiaich Azt
Aol B B3 Mgk MIS library generation software
(Microbial ID)& o]|-&38}o] 48349 o, ZAiul= MIDI
Aerobe Library (version 3.8)@} Wl st4ct.
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B #F5F S marcescens HY-59] 2|71y 313HE
ot Raksg 2A51] Slsje] 2 7 21 29 s
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2] vanillic acid, guaiacol, phenol % p-coumaric acidZ,
oleA| 2l1y IRHERA] dealkaline 2]1JL wjoflo
200 pg/ml (wiw)o] EJEE ML 37°CollA] HhorstH
A ZE ATHE R ARS A Fcte] dalEest Al
A8 2ad SRS fasS ARl Has
2 g1 e] 212 compounds ] FellA] A7to] Rgell
ufeba] 24 EE 9F2 spectrophotometer (SmartspecTM
3000, Bio-Rad, USA)Z ARES}od 275 nmol]A] Z4J5haict

oj4E0iAS| DNA =2

HY-5¢] genomic DNA+&= Rochell (1992)--52] WHH-&
HEgsto] Eejstaict n|AE-S LBLAA|o A 37°Co|
A 24X)7F vljokst & single colonyZ ©]£5}0] genomic
DNAE Ee8tgict. &S STES ¢458H(05 M
NaCl, 0.2 M Tris-HCI, 0.01 M EDTA, 1% SDS, pH 7.6)
100 ueof] Hel &, WA Fulof 80% A= 2] glass bead S
ol uES mhsioIch ST o]AbE-Gole] 200
] TE (10 mM Tris-HCL 10 mM EDTA, pH 8.0) kol
7 300 4£9] phenol-chloroformE #7}6lo] & &35t
F 12,000 ool 1087 falEelsio] A5o4S 3o}
Sk LelE S | RNAsert SOl A28
TR ATHE 250 w7t HEF HEHE £, 37Co)A
3087 wheAjzTh 25 109] 3 M sodium acetate S 4110,
100% ©fehE 500 b F7kste], 4 Col|A] 2083 2|3t
% 12,000 pmoflA] 10=27F fAE stk HilEe
T ASHE AASL HHAEES 70% o= 23] HhE
M| A5kt B2t genomic DNAOJA} 16S rDNAS &

ot

7] @15l PCR H¥Fe-2 4=3Y8}5it}. 16SrDNA Q) conserved
region?] 5'-AGAGTTTGATCMTGGCTCAG (27Fprimer)
£ AYEF primer2 5-GGTTACCTTGTTA CGACTT
(1492R)E HH&F primer2 ARESHEITE PCRE W32

= z7]0) 94 Cofl A 5E7F 71¥86}e] denaturation X,
94°Col| 4] 187} denaturation, 55°CollA] 187} annealing
4 72CofA 1 5027t ¥h38telon o] REg-& 303
HRE £ FRoIICE ¥REo] B PCR 4HE9] H7IAEE
AA5}o] GenBank data base ZFAMS E5}o] 16S rDNA
2

TEEFAE Y] AU S A4S flsted 16S 1DNA
oH o] PCR £Z1} DGGE (denaturing gradient gel elec-
trophoresis)E >3 5} ti{Hastings, 1999). 11EZEZ A}
gofl A g &gt o AA DNAE F&3t(Ultra-
Clean Soil DNA kit, Mo Bio) PCRo]| 0] £-3}%ith. PCRE
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DNA 5354 2 5 1, 2.5 mM2] dNTPs (dATP,
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AuRSE primerS 212 5w, 1-2 ©+$]9] Taq DNA 315
A(Promega, USA)E H7oto] 2E 50 pl §E-g-Ho] ==
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o] v3 Rojof st 193 mEeQElE S22 98|
3431%itt. DGGES 213t Eof primer24] G-C S
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sieick A7) selolnlie % 4om 7 elvl4e 2 o
FolAe] 165 IRNA $3010] she Q)as 517
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ZulgF priemr : 5'-CCT ACG GGA GGC AGC AGC
GCC CGG GGC GCG CCC GG GCaG GGG
CGG GGG CAC GGG GGG-3' (E. coli 16s
rDNA position 341-358),

88} priemr : 5-ATT ACC GCG GCT GCT GG-3'
(E. coli 16s tDNA position 534-517)

PCR HF&-2 94 Col|A] 587F9] denaturation2 =343}
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ulz|Eto g 72°Col| A 1087} extension &2 ulalslar
4°Co|A A=At} PCR AHE-2] DGGE 42 Deode
AlAHl(Bio-Rad, USA)-& o]&3lo] EA5H3 o, 30%-
70% (100% = 7 M urea, 40% deionized formamide)2]
shs12 A% THH7k A 8% (wiv) ofEolutols
Hl(acrylamide : bis-acrylamide 37.5 : 1 w/w)S o853
t} 71952 20 2] PCR AHEE loading & TAE
2F90(40 mM Tris, 20 mM HoAc, | mM EDTA, pH
74)0ll4 60°C, 12417F B¢t 60 VO] ALSIol|A AAE L
7195 3 A& SYBR green 104 3027t G453

2|34 23 232 Rz

ofelofAl AU thre] 250 EHE L E2lo]
2 St HEE AlEsiien O 5 15E
Ze] %9 Ao 2 HE simple plate test Bl ]3|
% 21d Sl sk g Rkt
o] Adof o}-g-H simple plate test -2 ferrichloride2}
potassium ferricyanide”} Hj&7|2} ¥h-3slkod 2] o] 4|
#5719 S ETS 4T & vk ©Ho] AT
o2 gad BEAHIE 2 wmEL A 8¢t s
3L Floldl Q= AAHo] 9t

i
O
fl
il
I
th
1
%

o,
Q
E.
=]
S
_?1_‘,
)
gjo
2
__)&‘
2
N
>
e
lo
i)
ox
Ot
o
=
s
it
Q
(]
7

™ =

Bank data base A2 AX|%t A1l Serratia sp.2 165
IDNAQ} 97.3-982%9] =2 J54E 7HIE & 5 AU
tHTable 1).

Eat o] 271420 5L glojol A - At
S42E stk 1 A 2w
-galactosidase, citrate @ acetone AY4J50] 2121 glucose,
mannitol, saccharose 5o} Tt AF AJAdEElo] Uit
(Table 2). &4 9] o] &=L ZARE A3} dextrin, fruc-
tose, galactose, maltose, glycerol 52 ©AYLE o835}
AtHTable 3). A=W T4 A HAF TR Cl16:0 straight-
chain saturated fatty acid— 32.3%, C18:1 straight-chain
monounsaturated fatty acid7} 13.3% 12|31 C17:0 straight-
chain saturated fatty acid7} 11.9% % thHE-S 2}X|35}5]

FF+= urease, 3
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Table 1. Similarity matrix based on 16S rDNA sequence of S.
marcescens HY-5 and other bacterial strains

Strain Accession No. Similarity (%)

S. marcescens DSM 30121T 98.26
S. marcescens ATCC 13880T 97.35
K. pneumoniae subsp. pneumoniae 95.81
JCM 1662T

K. planticola ATCC 33531T 95.65
K. preumoniase subsp. pneumoniae 95.50
ATCC 13883T

K. oxytoca JCM 1665T 95.33
K. pneumoniae subsp. ozaenae 95.33
ATCC 11296T

S. ficaria JCM 1241T 95.21
S. liguefaciens JCM 1245T 95.18
S. rubidaea str. Ewing 2199-JCM 1240T 95.05

Table 2. Physiological characterization of S. marcescens HY-5

Physiological property

Orthonitroiphenyl 3-D galactopyranoside +
Arginine dehydrolylase -
Lysine decarboxylase -

Ornithine decarboxylase

Citrate +
Production of H2S -
Urease +

Tryptophan deaminase -
Indole -
Aceton -
Proteolysis of gelatin +
Acid production from

Glucose

Mannitol

Inositol

Sorbitol

Rhamnose

+ o+ o+ o+

Saccharose
Melibiose
Amygdaline
Arabinose
Osidase

+, Positive reaction; -, Negative reaction

+ 4+ 4+ o+ o+

THTable 4).
ESE 2ed 759 gejE B4 A A, 24
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Table 3. Assimilation of carbon sources by S. marcescens HY-5

Carbon compound Assimilation

Dextrin +
Glycerol -
Cellobiose -
D-galactose +
a-D-lactose -
Maltose
D-sorbitol
Sucrose
Xylitol
D-raffinose -

L-ramnose -

Table 4. Cellular fatty acid composition of S. marcescens HY-5

Fatty acids Compositions (%)

C12:0 4.1
Cl14:0 4.9
C14:0 20H 33
C16:0 323
C17:0 cyclo 11.9
CI8:1 w7c 13.3
C19:0 cyclo w8c 2.1

£ ASHA o= a7 SA4olH, 03 W] 0.5 ume]
EZ3 0.7 WA 1.2 um?] ZolE zh= g A=A,
L=Ao] 7Fste] AN A H-F{Enterobacteriaceac) 2} -3-A}
3 HHld BYS AT 92 SIS,
ot o] Ael - ek @ nlEe] AEAA 2
A} A3} S marcescens?) -SAF0E BRE|goH, 2=
02 S marcescens HY-5 (KCTC 1009BP)Z 543}

o
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Fig. 1. Time profiles of cell growth and pH changes of S.
marcescens HY-5 on LB medium contained each lignin model
compound at 37°C. Symbols are : @, dealkaline lignin; O,
Vanillic acid; ¥, vanillin, ¥V, guaiacol; B, p-coumaric acid;
], phenol.

48A17k A7)0 Sl S Btk 3 pHE
HieF 6A17k] pH 6.5 -A151H7F pH 7~82] W {{oll 4]
deths P EAHFig 1), 2lad 29 sitEl
93} Bajl =2 vfjoF A1} vanillic acid, p—coumaric aicd
i il phenol—i— R HiR oM = W2 Eelles e

H o1} vanillin, guaiacol 712]11 dealkaline

LH‘— OTZ/U-O
229 wlRloflA] I Rallse] HAlrk £, ﬁté% o5
£ 12ARPEE 12A7F Eet wjoket £ 1 HallsS A
gk dal 20~45%9] Elise UErllH E3F cell
growtho]| x|} Zro] wlieF 43417t 71 Hallso] A=
& USNKFig. 2).

AA7HA] 2lad Bass ishs njYERe o
34 BRI/} WL Hof o0 AlgoRe AR B
adEA Qe AL dfulel HFozRE E3t Burk-
holdera cepaciaZ} SIth. oJAre] AR EEZAE] Q)
Ao g HE Balg S marcescens HY-5 w5+ Kinyas-
(1998)9] =ofx K.l Burkholdera cepacia KK019]
kol Hs ¥ Edltes EHAT, wiAIZtof °]°1
A 8 g w717t Woll St Yad Eels
Uelfjo] & 57t Aabste eladEsaae) gk 5
At at o-87bs ol tigh A At 7€
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= S marcescens HY-5 2%2| %t

HY-5 §#29] 12z
sho] 2R} ‘POE—,—H total DNA Balshal PCR}
DGGE®] 2]} 16S rDNA tHH 9] s8-8 EA351%{ chFig.
). w28 w4 HY-5= DGGE 4 A] 3712 band €l
o EO:]ZJ—L gjom A& o2 X (@A Tl e,
ATAL 2lBelA ARE MAREE Begh 1552t
2]9] total DNAO]| tfgt DGGE £4] A] o]} FUst $4|
oA 3709] band7} 2= w7} o] F band7} THE
Megol Blsl wf-¢ Z3kA el Ao Hol HY-5
w7F AFEAA ] AoA ST o2 EXfjsk= v
e 2o R Ak Serratia 49 NdE F W
Fe°l "E o] Aot b=l & Trdste 18
Aol Aol A 7|1Asks 7131290 WA Aldolct
(Marty er al., 2002). Serratia= 3t T 3120 2 HE
EYE o FABAE 7HAAY Hed TAE 7HA
= Zlog od7x Qo] A(Schmitz and Braun, 1985;
Grkovic ef al., 1995) W& 72| A9 tjito] Hi
Ik gt o] 9] DR ol T shebel
a4, 71 Fejad, AEsiaa 5 AAeR /-89
chofgt TR0 ViR aas A o 3oz s
o] AtdA S 7 wol] o] 8531 QItHHines et al., 1988;
Kawai er al., 1998). Ydd|59] 2t &8 A Alg
A F/de) -’—XLXPE]—J A gHgolA Blad =4 ‘ﬂ
ool WAt Serratia £:2] w574 e ol
P57 e e WER Bk AoR 4R 2}

= 999 et & 4 qlrh 259 33]+= polyphenol
complex¢l g1y}t SARSE LR E Xe FEE22

7FA® ©]+= phenoloxidase2}= fAof 213 phenolic
compound Atgto]| <3| :[lHEh:} E3}F o] FAE A
o)k gol St olE el Holt Aol oj3) &
4J3}=]of phenolic compound?! quinone S ZHE =
2ol SAMEAR] melaning st} AARYE
Ay QEAIQIR 2] FH o noduled FASH % SHH E
g 2% AMe] ARl He dom dEA vt
(Lai-Fook, 1966; Ashida and Brey, 1997, Park et al.,
1997). of2{3t T4 & HAFtollA EE elad 23
d57F Aol A LA 7E AIgE Holof| EAjs)
+ phenolic compound @] ajjo]] T Lo} & 715Al0]
uen ZEio] FAA 750l JlojA ofd de 9
gk Aof| thgt Bok g2 A7t dad Aow gzisich
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Fig. 2. Time profiles of lignin model compound degradation
through the cultivation of S. marcescens HY-5 on LB medium
contained each lignin model compound at 37°C. Symbols are :
@, dealkaline lignin; O, Vanillic acid; ¥, vanillin; ¥, guaiacol;
M, p-coumaric acid; [J, phenol.

Fig. 3. DGGE profiles of 16S rDNA fragment amplified by PCR
using two primers designed based on the 16S rDNA sequence
of E. coli. Forward, nt 341-358 with GC clamp; reverse, nt
534-517 without GC clamp. Lane 1, PCR amplified from geno-
mic DNA of S. marcescens HY-5; Lane 2, total DNA isolated
from the intestine of S. depressiusculum colledted near KRIBB;
Lane 3, total DNA isolated from the intestine of S. depressiu-
sculum colledted near Gyeryong Mt.
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