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Isolation and Characterization of Endo--1, 4-glucanase from the Midgut

of the Earthworm, Eisenia andrei

Lee, Myung Sik, Sung Jin Cho, Eun Sik Tak, So Young Hur, Jong Ae Lee,
Bum Joon Park, Hyun Ju Cho, Chuog Shin' and Soon Cheol Park*

(Department of Life Science, Chung-Ang University, ' Department of Life Science, Yonsei University at Wonju Campus)

ABSTRACT

Endogeneous endoglucanase (EC 3.2.1.4) cDNA was cloned from a representative species (Eisenia anderi) of the
earthworm family Lumbricidae. Endoglucanase from the midgut of the earthworm is composed of 456 amino acids
and belongs to glycosyl hydrolase family 9 (GHF9), sharing high homologies (50-51%) with those of selected
termite and crayfish. This endoglucanase consists of three consensus catalytic domains found in most microbial
cellulases. A phylogenetic tree was constructed using the amino acid squence data matched through the BLASTX
program and showed that GHF9 families could be divided into four groups of arthropoda, bacteria, plant and

annelida.

Key words : Endoglucanase, earthworm, Eisenia andrei, midgut, glycosyl hydrolase family 9
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A AN 74 FHE eeEtE GFAEA F9 skt
d AER oA F2 SAANE F skl o5 AAats
o, @& FIIAEY] Holdor o] &H Al B AE
2o MEHE FASE FL42A 1, 4-glycosidic
bondel] &)s] HE= B-D-glucopyranosly unit2 FAE o
TFiolet Aol s FokllM Agz oo BEHQ 9
42 A Fo ¥k ohel A diA &t Fast 3
Ae] dAfe] H Aol dulHoz AE20AE TRFO
2 Bl Y Al /XY 5401 27"k B, 4-
glycosidic bond2] W #-& AwtslE= endoglucanase (EC
32.14), gz Ao WboaRE] o|FF<l cello-
bioseE Aw}a}= cellobiosidase (EC 3.2.1.91) ¥ cellobiose
E Zwrtoz ylpRa)sl= cellobiase (EC 3.2.1.21). o]8
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B 5252 o2 A Yehz B, A B4 o)
e 58702 1B o= REEe] 9)od (Henrissate} Bairoch
1996). o|2 3t 7% 39| 3}= glycosyl hydrolase family 9
(GHF9)o] 9] o™ (Henrissat ef al. 1989), o] 1Fo &3l
BEAaEL 5438 971Mde] A543E Bslvk (Watanabe
= 1998).

IR FHIFFEAA A2 Fajdd 3t
TS AE2ox B8 & 7 e A v E
A Bl 24& Foow, I E AEgR A Fi 5
g2 Y v E (el 7F 9 AAFEB)T A B
7 A o Aoz dHA Qi) o3 #AAN FE
WA endoglucanse SFAAES A7) Y3 =xe] A
Asjoleh. A7 A2E %R (plant parasitic cyst
nematodes)ol| A =E-7]42] endoglucanase 542 xS
2 B3l o (Smant ef al. 1998), o] & 317)v] (Watanabe
1998, Tokuda 1999), 7}4} (Byrne ef al. 1999) S|4 A=}
Eol #HEHGH.

ke A Rl A3 z]gole] 9& (Chan¥} Heenan
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1993, Oades 1993), E°o¥ H]-&-x9] Z2d (Edwards®} Lofty
1980, Stockdill 1982) 2 87]E »#7]¢] =] (Edwards
1985, Butt 1993)ef] &3t w2 AF71 o] gfet. A=
ol BfEde X3 AlE HiFe] A -‘?*E‘ﬂ] gl
G5l 23 dda] WET &3l FoF 9E¢E
gale= Aoz odeA F-83 F-Eoln (Lavellesl Martin
1992, Kaushal 5 1994), 2 £} Bl viAdEe 39 &
FollM Bt o &2 v EEo] £ FA o] 4-F A
T A0E BUFARES Wol I 7] dEe FHY =
Froh o] XA A ul&xr} FdFe] HAE
o} (Murray et al. 1985, Daniel#} Anderson 1992, Tiwari %}
Mishra 1993). 3t X|Zo]& ol&3ld 1A, v Y Aty
MM MY HE= gL F71E 2878 MYy 98 YEE
o] "5t #Alo] Z7)31ar ¢ vk (Edwards 1988, Neuhauser et
al. 1988).

Aol A& 2ol oled JFEL HolUE A
AozA AAEH, A& 1] 2 {718 2Y7E
A7l HANA A F7For Fulse diiAld o) £
3 g} (Millott 1944, Edwards®} Fletcher 1988, Whiston%}
Seal 1988). X|8 o]2] FA} (midgut)-2 AZHozA gy
o ) W 28lE U, A3RE F4E PV 3
Aro] o}H B A amylase ¥ proteases} 7S &AL ¥
Aol ¥A el (Tillinghast er al. 2001), 3 el A4 2]
cellulase R chitinase®] #Ade] R =l u} ¢l oy} (Tracy,
1951, Mishrag} Dash 1980), §-A=}el] #3 7= o}=)7}
A 495 o gk

£-2)% SSH (suppression subtractive hybrisization) ¥H &
E3te] Ago] FA A MH=E endoglucanase 1A
342bpe] AHE Fr3Yrl 2 QoM Hx2 JYF
<) R|Z o) Eisenia andrei®] F# o)A endoglucanaseE =
dfs}—b— S 72 R AFes BAY AA I

2o W2 EHE AL,

Mz W Y

1. X|240| (Eisenia andrei)2| HjQt

FAl 7|4 RA|F o] (Eisenia andrei)E -18te] 7}
2 g Aed AAE Adgsle Ao dde
Aol FR4z 4 A AR 2Fe wokme
Adulgg 1: 12 &3sle] AMgslgern 15x20x7em
Z719] EpAE £70 o 60ute]d o] 234+ 1°CE #-A]
st el A v Fatlet. Wik Aol Bk A o] AR

o F2-¢ MEge] MALL FHadlslr] 95l 65°C A=
4 A7) 28X 1222 o) A:=AIR F ARSI
A F=x F7H o2 ZFHE TIFEA 80% oS &

Korean Journal of Soil Zoology

December 2003

ASES s, Heldos $Eg Y =¥ dde] e
Ak 4 WE2e) MEE st APe] A2l ed4 25
mM NaCl, 2.5 mM K,SO,, 67.5 mM Na,SO,, 0.5 mM MgSO,,
13.25 mM CaCl,, 5 mM Tris, 2.7 mM glucose) & Zﬂ/}l filter
papers| A B 48417k o4 Wikt F Aol AHg3hsek

2. Total RNA & mRNAZg| 22|

A48t x]ge] Ao = WE] total RNAE Tri-reagent
(Sigma)E o]L38}9l.em, mRNAE dynabeads (DYNAL)E
o]-g-3le] A zAL] ubel] wlel &3l

3. 5-Rapid amplication cDNA ends (RACE)-PCR

Endoglucanase 7-A2}2] full-length open reading frame
(ORF)& #1357} $8ted SMART RACE cDNA ampli-
cation Kit (Clontech)& o]£-3}e] A 2ALe] 8l ule} Al
d& Y3l F2 PCR wHe-E-2 T/A cloning vector
(Invitrogen)ol) Z3¥A}Z] =&, One shot TOP 10 E. coli (Invi-
trogen)oll HAHH AZc} FAH Y wegjols 1.4mM
5-Bromo-4-chloro-3-indolyl B-D-galactopyranoside (X-gal),
50 pg/ml ampicilline] 233 LB wjA) (5 g of Bacto Yeast
Extract, 10 g of Bacto Tryptone, 14 g of Bacto Agar, 10 g of
NaCl/l)el| A &3l

4. EgtA0|= 22| " HUIME 23

Az = P49 2=d 2 ¢ 10709 94 F2se =
2}¢) = ol Smle) LB HjA] (amphicilin 100 pg/ml)ol] A&
ate] 37°Col|A] 18A|2F F<t mRE sefstsdet. vl ekd it
otz HE] ZgtAn|= DNAS] 2] QlAprep spin mini-
prep kit (Qiagen)& o|-§-3te] A zAle] vhyel| we} 433}
At Belgd Eeian)=r AgE4gl EcoR 1(10 U,
Roche) 1 pl, buffer H (Roche) 1 pl, plasmid 8 pl1= &3}sle]
37°C B2z A 1A]7F 308 ¥ief ¥ 1.2% agarose gel =
cDNA®] 4] o558 3t 9714 E 2AL A%
¢-2 AmpliTaq DNA polymerase7} £3% Dye Terminator
Cycle Sequencing Ready Reaction KitE ©]-8-3}e] MJ resear-
ch Gradient Cyclerol|A] 4>813}9] .25, fluorescent-labeled 3
He olske Agel sla) AASAS BAR BEEe 25
42 4393 & ABI 3700 sequenserZ o| 83l G7jrg
A€ pAsAe 971 d e AL Poly (A) tail, HE 9
7114, A (adaptor)e] 71 2 =53 F7IM4G
N)E =331 gl 2L AAT 5 National Center of
Biotechnology Information (NCBI; http:// www.ncbi.nlm.nih.
gov/blast/}o|] A BLASTX 2 7.8 o] 8&3led Izl 25
(nonredundant)2} v wsli o}




K

In

X3P o} endoglucanase 2 F% X

1 M A TR L MM L L GM I AL CMS GV AGOQYNYTDE 40
GGATTCATTCGTTTTGT TCGAGAAAGAGCACAAATAACCATGGCGACACGAT TGATGATGCTGCTGGGCATGATTGCCCTGTGCATGTCGGGAGT TGCAGGTCAATATAATTATGATGAA 120

41 VLEKSI LFYEAERSGDLPSNNRIPYRGDSALGD Q@GN GGG QD 80
121 GTTCTGGAAAAATCAATTCTCTTCTACGAGGCTGAGAGATCTGGGGACCTTCCCTCAAACAACCGTATTCCCTATCGAGGAGACT CAGCCCTCGGAGACCAGGGTAACCAAGGACAGGAC 240

81 LT GGWYDAGDOHVYKFGFPMAFATTTLAWGT'H LEFRDGYTEHA AASG G 120
241 CTGACAGGAGGATGGTATGACGCTGGAGACCATGTGAAGTTTGGTTTTCCGATGGCAT TTGCTACGACGACGT TGGCCTGGGGTATTCTGGAGTTCAGGGACGGT TACGAGGCAGCGGGT 360

200 YW LALDS I RWTLNYFLKAHY SDNEFYGQVGOANTDODHAMWW 160
361 CAGTACAACTTGGCCCTCGACAGCATTCGATGGACCCTCAACTATTTCCTCAAAGCCCACGTCAGOGATAACGAGT TCTATGGTCAGGT GGGTGATGCTAACACT GACCACGCCTGGTGG 480

w1 G RPEDMTMERPAWS I SPSAPGSDLAAETAAALAAGYTLVYEFHR R 200
481 GGTCGTCCAGAGGATATGACAATGGAAAGACCAGCCTGGAGCATCTCACCCTCTGCCCCTGOGTCAGATCTAGCTGCTGAGACTGCTGCTGCCCT YGCCGCCGGTTACCTCGTCTTCAGA 600

20100 L DAAFANNLLAHSARTLYDFALNNRBRGI! Y SQS I SNAAGTEFYA 240
601 GACTTGGATGCGGCGTTTGCCAACAACCTACTCGCTCACTCGAGGACCTTGTACGACTTCGCTCTTAACAATCGTGGAATCTACAGTCAGTCTAT TTCCAACGCCGCTGGATTTTATGCG 720

241 S S AYEDELAWGAAWLYRATEEQGEYLDRAYEFGTTTNTAMWA 280
721 TCATCCGCATACGAGGACGAGT TAGCCTGGGGTGCAGCGTGGTTGTACAGGGCGACGGAAGAGCAGGAGTATCTCGACCGAGCCTACGAGT TCGGTACCACCACCAACACAGCCTGGGCC 840

280 Y D WNEK I VGEGYQLLLTTSAGQRQTDFLPARVENTFLRNWE® GG GS SV 320
TATGACTGGAACGAGAAGATCGTCGGT TATCAGT TGTTGCTCACCACTTCTGCTGGGCAGACGGACTTCCTGCCTCGTGTGGAGAAT TTCCTTCGGAATTGGT TTCCAGGAGGTTCAGTA 960

[o3]
B

321QYTPLGLAWLAQWGPNHYAANAAFlALVSAKYN‘ILASESE 360
961 CAATATACGCCGTTAGGTCTCGCCTGGCTGGCTCAGTGGGGACCCAACCGATACGCAGCGAATGCCGCCTTCATAGCAT TGGT GTCCGCAAAGTACAACATCCTGGCTTCGGAATCTGAA 1080

%1 QF ARSQIHYMLGDAGRSYVVGFGNNPPQQPHHRSSSCPDOQ 400
1081 CAATTCGCCCGTAGCCAGATCCACTATATGCTCGGAGACGCCGGAAGAAGCTACGTCGTTGGTTTTGGCAACAATCCTCCTCAGCAGCCACATCACCGATCATCGTCTTGCCCCGACCAG 1200

401 PAECOWDEFNOQPGPNY Q! LYGALYGGPDOQOQNDOFEDLRSDY 440
1201 CCAGCTGAGTGTGACTGGGATGAGTTCAACCAACCTGGTCCCAACTATCAGATCOTCTACGRGGCCCT GGTCGGCGGACCGGATCAGAACGACCAAT TCGAGGACCTGAGAAGCBACTAC 1320

41 L RN EV ANDYNAGTFOQGAVAALRATIOQLULURDGEK =+
1321 ATCAGGAACGAAGTGGC TAATGACTACAACGCCGGATTCCAAGGAGCTGTTGCTGCTCTTCGAGCCATTCAGC TGAGAGACGGCAAGTGAA TCATCTCCACGAMEGCAGCTCATCGCCA 1440
aat anseatinnesanse 550

1561 GTCAGAGUCGGT_AAATAAACCA 1583

Fig. 1. Full-length of cDNA sequence and deduced EiEG amino acid sequence. The putative signal peptide is underlined. The asterisk is
stop codon and dotted-line is sequence previously determined by SSH method. A part of 3’ untranslated region is written in italics.

5. Al E4 (Phylogenetic tree) 2 A 9714 de 1,371 bpel ORF2 FAE e} ¢)oh (Fig. 1).
ATG A 282 5 BekowRE] 40bpold Alztsie, ¥
et polyadenylation signal (AATAAA)S Z¥3le] 173
bpel|o}. Endoglucanase®] ORF: GHF92] endoglucanase®}
A& Helx: 456709 olw|xAbo g W En, signal
peptide (Nielson ¥ 1997)% 217) o|&}. PSORT II Prediction
=273 (Horton} Nakai 1997)0]] oJsf 2AMg 2z 2x
A+ extracellularo]™, PeptideMass 28 7.8 (Wilkins %
1997)0] ©Jaf ol akel ol 2Hal pIgke 4.5, ol2Hal Ext
Zat o nE £ 51kDao]c},

BLATX 2 73] & 0]83}ed Genebank A45.9} $-AMI S
Hlmaled AAG7IM L] HHA fHAES BRIH=
AE)3le] CLUSTAL X 2738 o] &s}e] AP 4
E BAo)= Mega I =2 7308 AR4-819] o™, NJ (neigh-
bor-joining) &312) e} 2)8)) AT BA (distance analysis)2
sl

1. X|&0| endoglucanse cDNA X7 |AMYo| EA

SSH P& Alg-3ted HFEgt HHol| o<l primerE

2. 0OfOl At Y7iAMYbe| H|m
3
A)z}sted 5 RACEE AlX)sle] 3919 endoglucanase?]

A8 o] endoglucanse= Z/Nu| (Nasutitermes takasago-

—9_
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EiEG
CqEG
NwEG b FYEAQRSG; LP‘IﬁKVﬁWR DS.L\Li
RsEG LFYEAQRSG%LP?'K\’g\\/R DSAL
RsEG2 LFYEAQRSGINLPEDEK VW
NtEG LFYEAQRSG LpﬁlﬁKv
) 100 110 120
EiEG WVKFGE PMAFESY TILAWGHIL[E RN 2
ST BIG Y DAGDIEVK FGF PMAF (Y, Ti[,A\\’G@WFA NGHS
NwEG THLAWGE 1 DI R
RsEG IVHDNE SAY SA
I YD AGDRVKFGFPMAYR EVIIDNE SAY SA
NtEG JYFDAG “ ) AQVIRNIE JIDIJEAGY SS

180 190 200
10 el S} PRV | N SRPGSD LARE TAAALAATE
CqEG Rpﬁ\’ﬁ 13 SEPGSD LABETAAALAARS

NwEG  AINZAMKIID TSIRIZENMIFAG PRI EEA S
RsEG S RPNYI §DT S!iPG SDLARETAAALAARNS
RsEG2 RPHYH] MSIEPGSD LARETAAALAAR

NtEG RP&Y&HIS PGSDLAGETAAALAALY

EiEG

AN EQENEDRRY EF G~~~ TTTNTAWAYN
CqEG  LIURARINIGDN S\IDRAKGHVSERNLLGTPSQF

NwEG A\VL‘RATI DNS
RsEG ANBYRERINDN
RSEG2 ANBYRENMINDN
NtEG AREYRYINDN T

TKRESLYNEFGLGNFNGAF.
NTRESLYDEFGLONWGGGL)

EiEG
CqEG
NwEG
RsEG
RsEG2
NG TLEHEESA Loslss YARENCG- -] IPHHRSSSC PIS

470
EiEG | A A
CqEG SALVGG P INe Nafivigear A 1 R —
NwEG ‘ FRNALA iL
RsEG ! ARSDY JEINEVARIDY NA QSLKAGV—--—
RsEG2 Vi ; ol B80S BLKAGY - ---
NiEG ! ) OSRENARVALGY -- -~

Fig. 2. Deduced EiEG (Eisenia andrei endoglucanase) amino acid sequences aligned with endoglucanases from Reticulitermes speratus
(RSEG, RsEG2), Nasutitermes walkeri (NWEG), Nasutitermes takasagoensis (NIEG) and Cherax quadricarinatus (CqQEG). The
alignment was carried out with GeneDoc program and the identical amino acids are shaded. The conserved catalytic residues are
marked with a black circle and GHF9 consensus motifs are underlined.
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ABO13272

ABO013273

"II—LI

AB008778

Arthropoda

L AB019095

AF220596

AF148497

Earthworm " Annelida

AB092978 — Molluse

X60545
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Bacteria

_l

AF180561

AF206716

AC003672 = Plant

Il |

1 1 Il 1
T T 1

0.25 0.20 0.15 0.10

0.05 0.00

Fig. 3. Phylogenetic tree of GHF9 members based on amino acid using Mega II program. Genebank accession numbers used for the
analysis are: Nasutitermes takasagoensis ABO1327; Nasutitermes walkeri AB013273; Reticulitermes speratus AB008778 and
ABO019095; Panesthia cribrata AB220596; Cherax quadricarinatus AF148497; Haliotis discus AB092978; Clostridium
thermocellum X60545; Bacillus sp. BP-23 AJ133614; Myxobacter sp. AL-1 AF180561; Bacillus pumilus AF206716; Arabidopsis

thaliana AC003672.

ensis)2] endo-B-1,4-glucanase®} 51%, 7§01 (Nasutitermes
walkeri)®] NwEG®} 51%, 370w] (Reticulitermes speratus)
2] salivary cellulase, endoglucanase 28} 50% % 7}
(Cherax quadricarinatus)®] cellulase GHF93} 50%2] Ab=
A& Bolx Aoz Jeldol (Fig. 2). GHFY 282 A |
oo 2 wzse] e, of Aol rhrel Bl WS-
ZFo3lt A WA= &4 29 (active site) histidine (His-
3909)8 % Esle xgozA], [(STVI-X-(LIVMFY])-
(STV)-X (2)-G-X-(NRK}-X (4)-(PLIVMJ-H-X-R]o] HZ
= °=‘7]A-]°é_-‘2- vehd o}k (Tomme ef al. 1991). F HA= 7}
ZHae] F238F Z7|Ql asparatate (Asp-423) I glutamate
(Glu-452)8 =&sl= AdozA], [(FYW]-X-D-X (4)-
(FYW)}-X (3)-E-X-(STA)-X (3)-N-{STA)Jo] BER <7
A& bl (Tomme et al. 1992). Al H/E= %= 48] 7}
4338 #Ab7] asparate (Asp-89, Asp-92)F s A Ho
24, [G-(WY)-(YFH)-D-A-G-D-(HNY)-(VLG]-(KRM)-
(FY)]e] BEH A7|MdE& et} (Sakon et al. 1997).

SAET =

Fig. 32 AAF71Mde] #U" GHFY 15l &3l o
] FE9 cellulase ofv| Al §AMl ZAB ASSES
B3 Azjo|v) GHF9 159 cellulase?] A &4 4714

FEE AR vre] ek 1L o), wiE, 7 s
2 BAEE 2. eElok 3 A& 4. I EE o

ABE. o3st Ak 2 Aol ezl ol HE
< A 93t GHFY %2 catalytic domainel] A3t AES
BAo| Aol $AFSI} (Tokuda er al. 1999). wat uha g
o} A E), 7R} 3R] AR FARE A2 A 2 A
of MAIA|e] fFAMAdel ZAF UFTE H Aolrle ulF]
g 7b ssiuiz Asked s Aolgls EAYEESA &
Ag SR8 F3 3lo}h (Lo er al. 2000).

H g

A o) (Eisenia andrei)®) F7Fo) 4] WA 2) endoglucanase
ARl AA 971 M9 AT ORFY ol
1,371 bpe]=, 45670¢] olm|xAitoz WAl NCBIo| &
=% 7}ale) 3hn]e) cellulase W endo-B-1, 4-glucanase 2}
50-51%2] A& Boln, &4 He7l & BE= o] gl
. A4 $AINE o2 B2 2REld w7 GHFY
12 cellulase®} 29 BA7} ¢lS0] Fel=gioh

o

INER,

2 A7 2R el oA} ALel o)
SEEE
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