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Abstract

Hagfish belongs to cyclostomata which has different characteristics from teleost and chondrichthyes. So,
they are considered to have important taxonomic position. They are consumed as food and their skin can
be used for leather. Cathepsin B is an enzyme classified as cysteine protease and papain family. Also, it
can act as endopeptidase. It is involved in the process to degrade proteins in lysosome. In this research,
we identified nucleotide and amino acid sequence of cathepsin B in Eptatretus burgeri. The nucleotide
sequence length of EbCtsB is 1694 bp including 5°-UTR (107 bp), ORF (1002 bp), and 3°-UTR (585 bp).
ORF encode 333 AA (amino acid sequences) which molecular weight is 36.8 kDa. And we purified
recombinant EbCtsB and conducted activity assay using diverse pH condition, substrates, inhibitors, metal
ions, and detergents. Z-RR-AMC considered as good substrate of EbCtsB have optimal activity at pH 7.5.
Antipain is the best inhibitor of EbCtsB. Also, ZnSO,, CuSO, and HgCl, can decrease the activity of
EbCtsB. MgSO, and CaCl, can increase its activity. In the presence of SDS, the activity of EbCtsB is
decreased.
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71 ZIntestine)S 7FAl 1 Qltf &, 3]F(Skin)oll+=
Ads w03t A A Mucous gland)o] UL
153 A=gu7t gle 545 7FAaL dtkDo
Yong-Hyun et al, 2014). 919} 22 SAE i
of Wil Aokl Aol el 5 AF
T3 SIAE AA sk Qi

7} A1 (Cathepsin) B Al 2~EH|QI(Cystein) Z 2
Ho}A|(Protease) &  papain  familyol] &3t}
(Kirschke H. et al, 1995). & A|¥Eof| = 9
oA =0l ©HAS HaF: doA Edlish=
7o oI stti(Bohley P. and Per Ottar Seglen,
1992). 7}Felxl B2] 7] & (Substrate)o] AEHsl= 9]
A= 209A1 2] A AEIQ)(Cysteine) 2t 1997 A 2]
8| A~ E] Tl (Histidine) F¢l°o]th(Musil Dj et al,
1991). 7kl B thE AIAHQD ZEEopA| 9}
= 2 ol27|d(Arginine) = AeS I 5 e
), 24597 9] FFEAK(Glutamic acid)7} A8k

jur)

tflx-l (¢} o7 =

7] wlito]th(Hasnain S. A. D. 1. Q. et al., 1993).
o] R opiz} e D A E thokA
(Peptidyldipeptidase) =4 &= 288 4= ‘R}E]r. o0&
papain family2}= @] F 7149 &4F J5s
I WL A $A2E AT
(Endopeptidase)=412]  7]50] "ol tK(Cygler
Miroslaw et al., 1996).

ZFA| G714 EX(Next  Generation

Sequencing, NGS)¢] &z <QI5}e] Al (Human),
HAMouse) 5] EfF ol FolA = ZEAAEA
A B 2} 4(Zebrafish)x] & Al
¥ (Genome)®] FHS} FHAEE] HE7F LA
Sk ST Wagol A%, Aw AnE %A
YA, FAAES U Fuis € glo] FEa
thooleldh Aol Hlate] B AFAES #AhE
el weid #eiel 3N S E E(Thyroid
hormones)®] “3/dell #ojste= 7hg4l BE A7l
A FARZE AR THMort John S. and David
J. Buttle, 1997).
E AFoAE=

(Model organism)<]

Wgo] fele WA B 44

[AER BEY, U U B2 BY 5

el MdEs ws|3, A (Escherichia  coliyS
o] &3l A3 wF(Recombinant protein)s
dstalt. 7 S AAE Fal oot
A F2st] B4 S (Activity assay)= sHSITE
L Rl @Jﬂr% Rl *“q‘ﬂr ThEoE 2ol
= ] 5H9]r a

=%

0. o7 2

1. HZto{(Eptatretus burger) Cathepsin B2
cDNA Cloning

Az AA delE
218 38k7] Y8ll, AR cathpsin BAIA =4 REH
F3ellA AAE  OligonucleotidesE T A1 8}
t}. & RNAE 3}o]H ] =R Kit (GeneAl)E AR
sted - HAolZRE  FEE9ith. cDNAG
Transcriptor First Strand c¢DNA  Synthesis Kit
(Roche)®} SuperScript™ RT (Invitrogen)S A}&-3}
o F2l¥ mRNASIA 4= ek

SMART RACE cDNA
(Clontech)E A}F&3lo] ¢cDNA £3&37 5-RACE
8l 3-RACE Zzjo|HQl #go] 5 Zejo]
W ¢} Universal X2to|HE o]g3to] 5-RACES}
3-RACE ¢DNAE Al#sl3itt & o] AR
setolv] M AL <Table 1> 533t

%% RACE AHE2> pGEM T-Easy HE
(Promega)ell st AZFAE w1, °lE
E.coli DHS @ & AM3Ee] Jd A Z

FAAsE  EColit  100g/ml
40g/ml 5-bromo-4-chloro-3-indoly—D-galactoranoside
(X-Gal) 2} 04 mM isopropyl-thiogalactopyranoside
(IPTG)7} #7}%l Luria-Bertani 3§ FHulj 2] o A] wfj<F
shof, F2AQE wiokd 3 2SS ITE PureHelix
Fast-n-Pure Plasmid Kit (NANOHELIX)ES A5}
o] ZAU|= DNAE FE33th

E.burgeri cathetpsin B

amplification kit

]x%o

of ampicillin,
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<Table 1> Oligonucleotide primers used in PCR amplification

Forward; R, Reverse)

- HE

o.o0l8s

[t
[=) S =

of Cathepsin B gene of E. burgeri (F,

Primer name 5'-3' sequence Information
EbCtL-F GCG ACT TCA CCT GCT GAT A Primers for
cDNA library screening
EbCtL-R AAG GAG GAT TCA TAT TTA TTT CCA C
5'pGEX GGG CTG GCA AGC CAC GTT TGG TG S‘;qrti‘;necrlsng
3'pGEX CCG GGA GCT GCA TGT GTC AGA GG
EcoRI- CCG GGA TCC CAA TGT ATT CCA CCA th:t‘;f::mfc‘gon
EbCB-pro CCCCCA C of expression vector
Xhol- CCG CTC GAG TCA TCT AAG TTT TGG
EbCtB AGT CCC AGC
ANz A7IMELS MI3(200F/MI3(200R = CCACCACCCCCAC-3'; Xhol-proEbCtB-R, 5'-CCGC

glo]HZ  o]g3le] COSMO co, Ltd. (Seoul,
Korea)ol Al A @&A2 stleh ezl 47144
< GeneBankDatabase (http:www.ncbi.nlm.nih.gov/

BLAST/)& &3te] fAMdS ZAsEIth

2. HEo|(Eptatretus burger) Cathepsin B2|
N2 9 ASsis 24
EbCtB oFv]:eAt M A FAMY 4] BioEdit
(Hall Tom A., 1999), Al-1d FEfo] ==
4.0 server (http://www.cbs.dtu.dk/services/SignalP/)E
o] gato] EA3}tt. GENETYX Version 7.0.3
(Genetyx Co., Tokyo, Japan)= ©]&3}o] ofu| Ak

SignalP

Mdel vs dde A8, MEGA 69

neighbor-joiningH-&  o]&3te] AFSFE 13T

(Tamura Koichiro et al., 2013).

3. M=%} proEbCtBL| £ Coli k& 2 HA|
Az EpCiB FAWME|E E. Coli  strain

BL21(DE3)°ll  +=3t7] S8, E burgeri

procathepsin B A1 go] 323 A Qeof BamHI/Xhol
restriction sites (underlined)E ©|&3 =ZgloIHE
FHeel vhe meolul  Adg Az,
EcoRI-proEbCtB-F, 5'-CCCGGGATCCCAATGTATT

TCGAGTCATCT  AAGTTTTGGAGTCCCAGC-3")
PCRS st % 37 #E 969bpe wHHES
pGEX-4T-1 (Amersham Pharmacia Biotech)®ll 4%
shodrh A3 ZEkAr] =20 proEbCtB/pGECAT-1
S E. coli strain BL21(DE3)¢] @A Agallc}. &
AdgE Axres guad (Sogmlye]l TE LB
wj oAl oF 3AI7HERF 37 ColA wiFe &
Isopropyl-D-thiogalactopyranoside (IPTG)E #HF%
&= 04mMZE H =S 7R F 20TolA oF 64
s wiekRich FEdd TEato],
phosphate buffered saline (PBS)°ll AAEAIZ] %
sonicator (Vibra cell, Sonics & materials Inc, USA)
o] &l FAAZ TS 4ToNA
20,000g2] &FEE 20483 AAFEET 1 &
glutathione S-transferase (GST)2l& $I8 4Te]
A]  glutathione-Sepharose 4B column (Pharmacia
Biotech Co., USA)E ©] &3l proEbCILE F%E3}31
ot &% @92 Centrifugal Filters Centriprep
30K devices (Merrck Millipore)S o] &3 F=%

AL FE,

Al 2=

AEZE

4. SDS-PAGE 3! Western Blotting

A% proEbCB WAL 12% SDS-PAGE gel
o] loading®}®] Commassie brilliant blue R-250%
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A3 TE Western blotting Prestaind molecular
weight markers (Bio-Rad, USA)E Standard% 3}
gl A7|9E & o
anti-GST (1:2000,
Biotechnology)= ©|-&3}o] =3 = it}

mouse monoclonal

antibody Santa Cruz

5. SASIM EAM

= T

EbCtBS] T¥ld 2J 2 Barret and Kirschke]
Hy B el £ 5 9 ch(Barrett, Alan J., and
Heidrun Kirschke., 1981).

Microplate  Fluorometer (Packard Co. USA)
excitation wavelength 380nm, emission wavelength
460nmE ©]-2-3}%1 7-amido-4methylcoumarin(AMC)
= SAskdth g4 @49 HF pHe 714<
Z-Phe-ARG-AMCE ©]-&-3F]  100mM
acetate buffero A pH 3-11 mﬂoﬂ’ﬂ =73 sk3lTh
ol wtgow uekdt 714, AsfA, FSole,
AAEIAE o] &3} Assay*g 18313,

sodium

m. 47 Aol

1. HZEo{(Eptatretus burger) Cathepsin B2
cDNA Cloning

ol A9l BY] A AEE wsl7] 9
i, W7ol Z2Ao)x FE3 total RNAZFEH T
gk cDNAE AHE-3Fe] PCRE 1 &atgleh. WA,
AE AMdE ¥ks]7] $18] National Center for
Biotechnology Information (NCBD)ZHE E}E2
7F44 B 8 AES o] &3l degenerated primer
= Ak o5 & B AqdE ol g3l
Z}7} 5-RACE (Rapid Amplification of cDNA End)
PCR (Polymerase Chain Reaction)®} 3’-RACE PCR
= B

224 A, wieo] 784l B d7144E 4
o] F 1694 bp oM, 5-UTRE 107 bp,
3"-UTR> 585 bp2] Zol& 7kAal Atk =3t

oX .
12

O

[AER BEY, U U B2 BY 5

ORFE= 1002 bp= & 333709 ofv|wAbe] AR =
7FA 3L QAATH([Fig. 1]). olZHE ve= Hx
FFEA1 BO| A oF 36.8 kDao = sl it}

2. HHEO{(Eptatretus burger) Cathepsin B2|
MYEAN 3l AHSsA BN

ol JglAl Bel AlZ1d SiERO] =(Signal
peptide), X% FE}O]=(Pro peptide), mature
peptides €71 913l A& AASHith #4 A

3, 194 dE 2 (Methionine) T8 204 Z &
A(Proline)7HA17F Al1d Helo| =, 2194 ==
2 (Proline)F-E] 80 A 2FE4KGlutamic acid) 7}
2] xg FElol=) 81 Al FAl(Leucine)F-E 333
A o} =71 (Arginine)7F A 7} mature peptide =
u+5] 5 th([Fig 2)).

obm|Abe] M fAMd A4S Sl NCBI

genebank 2 F-E A (Salmo salar), ‘B *|(Paralichthys

olivaceus), A\ (Larimichthys —crocea), S(Gallus
gallus), A B2 5] (Danio  rerio), % 1(Cyprinus

carpio), NE& Y o= (4nolis carolinensis)] 7}%)
21 B obH| At DS ATt o]F o] &3 EE
o WA BS} B4l FHA B ot A
4o fFAMS Wkl Bl 23, GNFD
=2 X1(Glycine), ©}7~3}2}7](Asparagine),
7 d &2l (Phenylalanine)> FL3F ot AMS
7HA L QIRAA R, o} ATt E Esk(Aspartic acid) AF
o= ZEU(Proline)o] EASFATE Tk, A
-9 (Active site)Q] Al Z~H|Ql(Cystein), =FFA
(Glutamic acid), °}Z~3}2}7](Asparagine)> TFE %
H dAsh= opv| At ZHA AL QUSlHh

A8l ot T8 ZEEoH
(Protease) ©}7]iAt A d-E NCBIZFE ATt
T R2HoA Y] o} 1E(Out group)SE& AN}
ZEAF ZZ e o}A|(Aspartic protease) 2t AlH T
H|o}A(Serine protease) S AHESFATE &, FhEIAl
B-like®] oF%IwOoZE FHAl Lliked AHE-S}
ATt

motif &

¢

ABHY BN
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a8
a3

138
10
183
25
228
a0
273

55

318
J0

363
as

408
100

453
11s

498
130

543
145

588
160

633
175

678
190

TZ23
205

T6e8
220

813
235

858
250

203
Z65

948

280

993
295

1038
210

10832
225

1128
1173
1z1i8
1263
1308
1353
1398
1443
1488
1533
1578
1623
1668

GCG
AGHA
CAR

TTG
L
cCh
»
ACG
™
GTG
W
GoTC
W
TCG
GAC
TCC
GTT
e
GGA
TGG
CRR
ART
CAG
ARG
GRAG
E
GCT
e
GTT
w

L= =l=]

(=l =il
F.9

BB
STT

ToT
AT
SGTT
TGT
CTG
™Tc
™rTc
GAG
STC
(==t
™=

TST

GGG
AGC
GGA

CTA
L
cTG

TGG

CGA
CGG
CAG
ATC
CAC
H
ATG

ACT

GAC
TAC
k4

cTC

[=i=d N
ATT
SCT
F2N

GCA
TAT
GCA
AT
ChAD
TSEA
GTG
coo
TST
ThAR
AGEE
GCC

GCT CAT GTG
TCT TCT ATT

AGA ATC ATC

™
ATA GTG CAA
T v [=] A
ACC AAC GAG
T N E M
ARG GCT GGA
K A [=] H

cTC TGT

CAT
H L. L= G

CAG TTG AGG
@ E
ACA GCA TGG

T A L B

GGC ATC TGC
=1 c L=

TCT GAT CGT
= (=] R F

ATC TCC GCC
I E
GGG TGT AAC
L] (= N L]

CGG TOCG GGG
R s
TGT CGC CCA
L= R P w
TCT CGC CChA
s R P L=
ARA CAC ATG
K H M c
ARG CARAC TTT

L=

K H

CAG ATA CGA
L= R T

TTC AGT GTG
F W k4
CAG CAC GTA
(=1 H w r.Y
TG GGC TTT

I. (=] F (=
ARC TCC TGS
™ E=] w ™
cTT
I

GGET
H

[=t=l=] CCh
(<] K

TTC TTT A/”RR

TTT AGG

AT TOG

AGHA TAG TGO

ATGE ACT TGS

ATT ACC TTT

ETT ETG

CTG TTG ACT

CAT CCT TCC

GAR CCAR TTC

ACT GTA CTC

TTT ACG GSCA

ARPR ADR ADD

[Fig 1] Full nucleotide and

ATC
cTG
ATG
™
GCA
ATG
v
CAC
N
GGA
T
T™TT
cCcT
GGT
=
T™TT
GARA
GGT
TG
TAC
T
TR
TGC
=
GET
AChA
TAT
L=}
GCT

GGT

AT
ko

CAT

ATG
CAG
ATG
GG
=TT
GAG
GEG
oTT
TGA

AP

TGC
ARC
ATG
v
CTPhAR
SGTT

(=]
APC
ACC

I
CAR
CaT
TCA

(=
TGC
GAT

L
GGT
GTA
T
ACH
F
TGT
AGC
GRG
GG
I
GGRhA
GGT

GAR

Falele)

i =]
G
cTT

GTT

T™TT

TCC
SAT
TAT
EGC
SR
ETC
STT
STC
ADG

BrE,

2
i
0R
°
)
]

GCT CCC TCT
GCG GGG GCG

TTC GAA TAC

CcCcG TTG TTT

GTG
= I

TGT ATT
I P

CARMA TAC
W w
TTT GAG
E o
ATC CTC
L H
CChA GAG
E L
TGT CCG
P T
TGC TGG
w n
ATC CAC
H s
CTa CTC
L. =
TTT CCT
| 4 F..
ACG GGT
(=] (=]
TTT CCA
| o4 -4
TCC AGT
= E
CTA GGC
(=] : 4
ARA TOCC
= w
ATA TAC
b 4 =5
GAT TTC
E L.
TCA TTA
L ™
GARA GGT
(=} =
GAC TGG
W =]
Gan TGO
[ (=3
ACh TGH
-
TGA AGT
AR TCT
TTT AAC
ATC TTT
Amp, CTT
AT TST
TTE GAR
TTA ACh
EGT GAR
ARC CTS
ADRT CGAh
AR TAC
AnPR BRR

amino acid sequences

1142 -

TCA ATA
L.

cTG
)

CcChA TTT
B L. L

CChA CCRA COCC CCh
= =4 = L A

GTC ARMAT CAT CTG
» H k" L] T
GGT GTA CCC TTG
W P L L] w

CAT GGG CCT CGC
G P R Q P
CTA CCT AAA GAG
P E =]
ACC ATC CGA GAG
I R E I R

GCT TTT GGT GCC
E (=1 P w =

TCC AR GGG ARG
B (=] K w (2]

TCC TGC TGT GAT
L= L=3

GCT TCG GCT TGG
= A F

GGA ARAC TAT GCA
(2] k4 A K
cCA TGT GAG CAC
c E H H I
GAG CGT GGA GAC
R G D T P

TAC TCG CCC TCh
= P s E

TAC AGT ATT AGC
= I = = ™
TCG ARAT GGT CCT
(o] (<] P w E

TTG CAC TAC AAM
H = (=]

ATG GGT GGC CAT
(<] (=] H ~ I

GGA ACG CCA TAC

— h=g s w I

SGA GAT GGA GGT
=] (<] (<] E F

GGG ATC
E

GAR AGC
D I

AARC GET TST TAT

GTT CTT TTG CCA

ACT CCT TTA TOGS

FoV Vo N TTA TTC

TCC CCcaAa CCC GTG

TAT CTT TTC AAT

CCT SEA

CCT TAG GGET CcT

CCA GET GTG GTT

ATE AGT ACC AGST

TGEG CTA AGT GGEC

ACT GCC TCA GChA

TAT TAT TEG TTC

16924

of EbCtsB

ARA CCC

GTT GTT

CcCTG CTT
-

TG GCT
24
AR ACC
39
GGT TAT
Sa
CARA CCT
69
TTT GAC
84
ATC CGT
o9
GTG GAG

114

GTG ARAC
i1z9

TCT TGT
144

GARA TTC
159

AGT AAR
174

CAC ATT
i89

AChR CCT
204

TAT GAA
219

TCA ARC
234

GTG GARA
Zz49

TCA GGG
264

GCC ATT
279

TGG CTG

294
TS TTC
309
GARC ATC
324
TGT CGC

GAT Blh

SCA ATG
TST TGA
ACh ATOC
ShAC ACT
STT GAC
GhC TCC
SAC TCA
STA CTG
coG
SCC CTA

ATS

a7
o2
137

182

227

272

317

362

407

452

497

S42

s87

632

e77

T22

TE7T

s12

857

S02

=947

292

10327

1082

1127

1172
1217
1262
1307
1352
1397
1la4z
1487
1532
1577
1ez2
1667
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Pre peptide (Signal peptide)

EbCtB
$sCtB
PoCtB
LoCtB
GgCtB
DrCtB
CaCtB
AcCtB

EbCtB
$sCtB
PoCtB
LoCtB
GgCtB
DrCtB
CaCtB
AcCtB

EbCtB
$sCtB
PoCtB
LoCtB
GgCtB
DrCtB
CaCtB
AcCtB

EbCtB
$sCtB
PoCtB
LoCtB
GgCtB
DrCtB
CaCtB
AcCtB

HARGHEYWLAANSWNTLC WG
ENe E‘YHL!ANEHNTIH

g
"

o ature peptids
. [

o U W W WD

HALVAGHE|R
S CGIESHIVAGH P ait i

eaxm  Motif

Active Site

[Fig 2] Comparison of amino acid sequences between EbCtsB and other species CtsB. Red lines indicate
cleavage site. Black arrows indicate end site of signal peptide and start site of pro peptide and
mature peptide, respectively. Red boxes indicate active site.

ABSH 24 A, wgele] el

BE 4

E 9 Al2~HQl X ZH|okA|(Cysteine protease) 2}
&2 Aged, 1 %, 7H5Al BeE @ T1Eo R

3. R{=g} proEbCtB| EColi L&l X M|

o] kg4l B Alx3 ©h# A (Recombinant

(Escherichia coli)y BL21(DE3)S AFE3l% 1, A%
o e AAE SsiAe
S-transferase (GST)S ©]&3t X3} AZvED
2| 7] (Affinity chromatography) W= A3}
A" e gl SDS-PAGES}  western
blottinga}o] 60 Kda®] %3 wras sHelakg]

Ch(Fig 4]).

glutathione
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Eb: Epeatrerus Burgeri
Po: Paralichthys olivaceus
Dr - Banio rerio 4_ _
Xt : Xenopustropicalis

Ac Anolficm::mnns S Focts

Gy : Gallus gallus Drcis

Mm : Mus musculus

VYOV OYOY Y Y Y

Hs - Homa sapiens
| Cathepsin
96 ’ MmCtB B - Like

Cysteine
HsCtZ |
HeGto Protease

100 HsCtL -
a6 HsCtv
HsCtS B
o7 Cathepsin
23 HsCti —

HsCtH L - Like

52
Hs Ctvy
aa

Hs CtF

— oo :l_ Aspartic protease

100 HsCtE

HsCtA } Seri
| . erine protease

0.20

[Fig 3] Result of phylogentic tree analysis.

KDa KDa
170 170 —
130 — 130

100 —
100 —— 70 ——
70

* 55 —

55 —

40 —
40

35 —
35 -

25 —
25 —
10 10 —

[Fig. 4] Expression and purification of recombinant proEbCtB. (A) Protein samples were separated by 12%
SDS-PAGE and were visualized Coomassie R-250 blue staining. (B) Western blotting analysis of
the SDS-PAGE separated proteins using monoclonal anti-GST antibody. Lane M, standard size
marker; lane 1, whole cell lysate of E. coli BL21(DE3) with expression vector (pGEX 4T-1-Self);
lane 2, whole cell lysate from 0.4mM IPTG-induced GST expressing E. coli BL21(DE3) with
expression vector (pGEX 4T-1-Self); lane 3, whole cell lysate from IPTG-not induced
EbCtB-expressing E. coli cells; lane 4, whole cell lysate from 04mM IPTG-induced
proEbCtB-expressing E. coli cells; lane 5, purified proEbCtB protein. The asterisk (*) indicates the
purified proEbCtB protein (60 kDa).

- 1144 -



HFol Rl 1A B REA 2RY, LH U BAAE Y 2

Az dds ARgete] thFSt pH,
717 (Substrate), #] 3} Al (Inhibitor), =%;0]2(Metal
ion) ¥ AL/ A (Detergent) F71el whep =g

o] 7helAl BS| &/9& FAsolch
4, pHE %27E pH 3%E pH 117H4 0.5
Aoz =H3Pow, 714 ZRR-AMCS

Z-FR-AMCE AF£&}9Ith Z-RR-AMC2] 7%, pH
35 pH 7k4+= & ¥/t §ivkrl, pH 554
gAo]l F7ksle] pH 75914 7 £ XS
B UH(Fig 5a]). Z-FR-AMC: pH 4% Ao]
S7Fstol pH 8ellA 7Hd & @4E BHIY
([Fig 5b)).
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[Fig 5] Activity of EbCtsB in diverse pH conditions. (a) Result of using Z-RR-AMC as substrate. (b)
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