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Purification of a Bradykinin-Related Peptide from the Skin
of Hagfish, Eptatretus burgeri
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A hagfish bradykinin(BK)-related peptide was isolated and characterized from the skin of hagfish, Eptatretus burgeri. The hagfish
BK with a molecular mass of 875.8 Da was purified to a homogeneity using C;s reverse-phase and cation-exchange high performance
liquid chromatography. The primary structure of the hagfish BK was determined as Gly-Thr-Ala-Gly-Ile-Gly-Pro-Phe-Arg by a
combination of an automated amino acid sequencing and MALDI-TOF mass spectrometry. This amino acid sequence contains five
substitutions (Arg' — Gly, Pro? — Thr, Pro’ — Ala, Phe®— Ile, Ser® - Gly) compared with that of mammalian BK. The hagfish BK
showed a contractile action on the intestine of hagfish, Eptatretus burgeri. The threshold concentration of hagfish BK was around

107" M.
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N E
# 29 nontetrapod vertebrate® 248 Kallikrein-kinin system
o EAe) #g nuvt F7ksta lok (Lipke and Olson, 1990).
Bradykinin (BK)2 E#%F ¥ddA kallikrein-kinin system®)
8432 A8 A AT 2F9 YARY Ev o23d 2R
Hel A& 2 5% Factor M (Hageman factor) 7} 8435 3, Fa-
ctor M #4432 U8 23 E= glandular kallikrein®] 23}
serine protease= lysyl-BK (kallidin)& THE7] 93] AEAH
kininogenE¢ £# &t (Clements, 1994). 1 23 & ¥ BKe
ol 2 FHAE S/, AR EFAHE vE B o}
Yt 558 #2409 (Geppetti, 1993). BKE 9789 ojrjeit
o2 7Y 328 Heol=o|n, dATxE th5H 2ok Arg-
Pro-Pro-Gly-Phe-Ser-Pro-Phe-Arg-OH.

A2 948 £79 A7y Jr2%H BK7F AAH A} Euro-
pean frog (Rana temporaria) ¥ ¥ 200~250 pg/g tissued] %
wge] BKE ¥#32 d2v (Roseghini et al, 1988), African
frog (Rana galanensis) 3% 150 pg/g$ Tt B s
(Roseghini et al,, 1989).

A7e] B opet AHEol (Conlon et al, 1990), 4ol (Co-
meau et al, 1992), ® (Conlon and Lance, 1994), £} (Conlon
et al, 1996), 17 (Platzack and Conlon, 1997)°] A/ = BK-related
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peptides7} EZHHAT. T2t ob37tA] AT7HA HF25H
BKY AAd #¥ Bie Qi

gehd g F7odAMe HAes A% F2E2RH smooth
muscle bioassayE ©] 83 AZE BK-related peptideE #&
AAER, o]Fd ¥E 7 BK-related peptideshe] TFo} vz &
A8y &3 #3) Bustaz gt
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Agol AH4¥ HFol (Eptatretus burgerdc 19993 V&% 3
HAZOA TIAT Aolgle AH e HAIZRY HRE 2o
T ¥, 3 dAA22 FAAA A AHEE] AnA 70T
Haagd.

Hyof fR2REH FEH2 A

529 9470 HEE 329 (methanol: 5% acetic acid=94:6)
o W& O, EWGE FAsete 4ToA] 4843 &34 @
A3t 32892 QAR (10000Xg, 20 min, 40)3to] F3 9
Do} AdsEaEn, $3d 349 (3,000mL)& NaCl 45¢
A7be £, 9AEF (13,000Xg, 30 min, 4C)3Fe] A 78k
239 AdeSE F292 JdHEE 94 489 EFS
LAEF (20000Xg, 30 min, 4C) & T ALES AP A&

A 10N HCl S0mLE 98329 (500 mL) ol #H7Hstd A&

o alo
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g (20000Xg, 30 min, 4C)3t3, Sep-pak Cy cartridge (20 mL,
Waters)- S o] &3t £}, 289 %3 10% vgE &5
o (retained materials, RM 10), 60% ®&& &394 (RM 60),
100% WEe £29 (RM 100052 HAolo] A% JEZ 4 &
£284E& A8 (Fig. 1.
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Fig. 1. Typical tracing illustrating the contractile response of
hagfish intestine to hagfish skin extracts. Each arrow
represents the sample applied to the hagfish intestine.

Hetol=y E2] ¥ ""Hl-l—f’g

Hgo] A it +584-& vebd RM 602 HPLC 3
A#ZE 37 Ad) CM-cellu]ose°ﬂ 2439 20 mM phosphate
buffer saline (PBS, pH 6.0)% 05M, 10M NaCl& E¥3te
20mM PBS (pH 60)Z ZtZ £&3t9 HFo] Foo U 5
4L 24390 CM-celluloses] +5E4E Yetd 4% Y
2 guAld 23 HPLC AAFAE AF U9 58 2=
Zasgt (Fig 2). 449 22 dAdA d& 25L& 33
ZHE AHEY 584 & YT

E. burgeri
Skin
¥
Vydac Cis
(0~60% CH,CN, 120 min, 2 mL/min)

Step

Ist

SP-5PW
(0~0.6 M NaCl, 120 min, 0.5 mL/min)
{
u-bondapak Cis
(5~25% CH:CN, 40 min, 1.0 mL/min)
\
Heparin-5PW
(0~03 M NaCl, 60 min, 0.5 mL/min)
\:
p-bondapak Cis
(0~15% CH;CN, 75 min, 0.5 mL/min)
\
SP-5PW
(0~03 M NaCl, 60 min, 0.5 mL/min)
i
Spherisorb ODS2
(5~25% CH:CN, 100 min)
}
Spherisorb ODS2
(19% CH,CN isocratic, 0.5 mL/min)

Fig. 2. The flowcharts of HPLC purification steps of hagfish
skin extract.
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Final

A gA2 94 HPLC (Vydac Cy, 7.5X250 mm, 5 pm)S ©l
L2354 18 AAsigion Hezde gy 2o A £9;01%
trifluoroacetic acid (TFA) &< (pH 22), B £; 0.1% TFAE
E¥S 100% acetonitrile (pH 2.2), B 49 F=74; 0> 60%
(120 min), % 20 mL/min, 9% 220nm. ¥$-< vehd €4
23e ol FF columnd! TSKgel SP-5PW (Tosoh, 7.5X
75mm) ) %3 A £v)2 10mM PBS (pH 60)% B $92
A 10M NaCl® E#3e 10mM PBS (pH 60)& AH&3
0~ 10M B &9 FZ7HZ 20087 0.5 mL/ming] F422 3
35k 5 A @A) ol &g HPLCAA dojF &4 £82
A&HA 48 @A 94 HPLCY Yol g HPLCY ZAAR
wEFAGAT. 3EHY A #F4L 94 HPLC (Spherisorb
ODS2, 4X125mm, 5 ym)E °]43 % 05mLl/mind] 2AL
2 0.1% TFAE ¥ ¥3= 19% acetonitrile (pH 22)¢ T8
zHez §2A#Y (Fig 3).
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Fig. 3. Reversed-phase HPLC profile of the final step onto

Spherisorb ODS2 Cis (4X125mm) column (A). The
arrowed peak shows the contractile activity on the hag-
fish, E. burgeri intestine (B). The active peak was elu-
ted isocratically with 19% acetonitrile in 0.1% TFA at
pH 2.2,
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Hepol= 9] opv|xit NEE A7) 34 peptide sequence
analysis (Shimazu PPSQ-21A protein sequencer) & ©] 83t
£¢ 2A% 238 959 MALDI-TOF MASS (Voyager
DETM STR, Perseptive Biosystems)E AHE-3t%dh.

HEelol=o &4 % A

oldd] Bugold Fmoc-H& A43td 1APLZ etol=
2 §AYL (Park et al, 1997), HPLCE ol 43ld % HA
3o

om0 RTo| HE FHBY 5

Ygo] Aue) BEE VEV] 93 WEVE Y2 Zozyn I
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A F, FE Z02RE 10cm B $H2RH 9% o2 Fa&
~4cm Ao A¥z HEHYY HEE T 10cm I=Y
o) FEE FL ¥, ofAlZ TIg gz Y A% 1%}
& % isometric transducerd] 9ZA3NA 929 &
. H, 4LdA 158 HF 22 TS5 (ASW)
g wASHAM HFJAHG $£FUEY positive controlRAE
cholinergic receptor agonistql carbachold AHE-3tdth &4 &3
of AHE-3 AF A4 2L G Tk NaCl 45 mM, KCI
10 mM, CaCl;'2H,O 10 mM, MgCL6H.0 55 mM, Glucose
10mM. ©] &94& Tris-HCl 43 4E o] 834 pH 782 2R3}
Aok 584 23L& ALdA g2 e F7E FY3EA
F2E % 4 HPLC BARAAAN @& &L Wiz 4
&ted physiograph® 71 E3 4.
srgEdoz B AL YI}ALn, mammalian
BK ¥ hagfish BKY 584 $H L& 5X107"M carbacol®)
daFe] g A3 5 %24 Yt BE o284

-

o Romy
2,
5
) .
1o
oX 4
Eivk
tijo
N

2 EDy (31 %9 50% 8 Yed 9 ¥%) ¥ Emax (A3~

3% %)X ¥4 EDs %S H2ASHOZ AL
o 24 A AE student’s ttest2A] YTt REWVEL means
+SEE EA% g

Zn o

kJ
flizt

HEO D FESS HEo Y HEZO U +EEY

Hgo] fr2hy L& JAE S, RM 10, RM 603 RM
1009] HAol FaAd W PYE2 284S ZAEYYG (Fig
1. £33 RM 1002 YA Zo] 3 58S JeliA
AT, RM 105 RM 601X 53584 ] ety

Fig. 1014 YEhf%o] RM 602 RM 102 dHeg Z&
FE284L ey gEd ZBEEEA Hdelo|=g AA 37
A RM 60 AHE3th olRe @ 93¥, RM 109 &
z2dde Y2 £5L feste ALEAZY amineF7t EA
otz Bnge] 9171 W& (Muneoka and Kobayashi, 1992)
Aol gy 2EE25H 223 RM 10914 % wf3A7lA 2 ol g
% AL amineF o EAZ A3 FF £5EAol YEtn
A ZtE oA,

HEo mR=FE A Helol=o M

g4Reol=g A7 4dM 58498 JEd RM 602
CM-cellulose 2R FU3Hh NaClg X34 Y= 20mM
PBS (pH 6.0)$} 0.5M, 1.0M NaCl& ¥3#3}E 20mM PBS (pH
60)2Z step-wised NaCl BET7HE 4539 £2848& &
& A3 NaClg X#3a 42 20mM PBS £& oA £28
Aol FZHAYL

o] A HYZo U £584 AHE 2 AEe 9%
9 g9 94 HPLCY %o)]2x @ HPLCE i wE 3oz
g3t el &4 HEol=g AAHAY (Fig. 2). #%¢
A9 94 HPLCAME 01% TFAE EF3E 19% acetonitrile

CREE S RN E R E

£ A} L8t §4 05ml/min 2708 AZERL FAY
I, retention time 25% 14 €259 (Fig. 34). %Xz A
AE 2L A3 A U3 2F 53848 YT (Fig,
3B).

YAFE M Y HAEE HElo|=o Y
Hole ARZRE HF AAT Y oty NdH
EA%FE& MALDI-TOF Z#E47[¢} opv]edt HE BA71E A
£3te] 2A3Art
A% AAE Heol=9 BAFL 8758 Daol AL, ofv|=iHA
¥ Gly-Thr-Ala-Gly-lie-Gly-Pro-Phe-Arg2Z T4 ¥ nonapeptide
Z 933} (Table 1). Nonapeptide®] obw] =4t M E9 FAH &
ZAMG 27, AAE seo)ne 7|Ed ¢8R BKEH FAE
AV AU (Table 2). Wk B dFA Y] fF 25y
A g Welol = BK-related peptide® B ¥ 9 t}. Mammalian
BKS 2 7oA AAF hagfish BKE ¥ A& 9 Arg' - Gly,
Pro’— Thr, Pro® = Ala, Phe* > Ile 2 Ser* > Gly® WA 79
ofjimite] ztzh X $eEle] glod, Gly'st C ZEd EAde
Table 1. Automated Edman degradation and molecular weight
of hagfish BK isolated from the skin of hagfish (E.

bugeri)

Cycle Phenylthichydantion Yield m/z
No. amino acid (pmol) (M+H)*

1 Gly 67

2 Thr 38

3 Ala 70

4 Gly 30

5 Tle 33 878.5

6 Gly 18

7 Pro 15

8 Phe 27

9 Arg 3

Table 2. Compositions of the primary structures of bradykinin
(BK)-related peptides isolated from the species of di-
fferent vertebrates

Amino acid sequences References
Arg - Pro - Pro - Gly - Phe - Ser - Pro - Phe - Arg Schluter et al, 197

Organism
Mammal

Chicken +o- - - The - Lew - Werleetal 19%
Alligator =~ - - = = T - - - Eddosetal, 197

Turtle = - - - = e - - - Sekietal, 1973

Monitor - - = = = T - - - Lietal, 19

Bullsnake Vol - - - - The - - - Lietal, 198

Amphiuma Phe le - - Lew - - - - Lietal, 19

Lungfish Tyr Gy - - - - Al Po - Lietal, 1998

Trout = - - - Tp - - Lu - Conlone al, 19

Cod = - - - Tp - - Llaw - Platzackasd Conlon, 197
Bowfin = - - - Tp - - - - Patzack and Conlon, 1997
Gar =~ - - - Tp - - - - Platzack and Conlon, 1997
Stugeon  Met - - - Met - - - - Lietal, 19%

Haglsh  Gly Thr Ala - e Gy - - - Thisstudy

*Dash (-) means identity.
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MY oAt F BEH YA EH7F BKY otvledt A
g3 8 58 429 BK-related peptided ofvjx=At MEE H|
239E 9 (Table 2), G772 HA] A f#E hagfish
BKoM B o B& ofniide] X3te} dojt & & + At
olde A7 o3 mammalian BKIA Gly'st C 229 Phe’

[<] ot

< rabbit aorta, jugular vein (Regoli and Barabe, 1980) % rat
uterus (Stewart, 1979)¢ W3~ E4& ve7] 93 88 9
&g dox AAE wrt ok mebA Gly'st ¢ EdiIt 2 B
29 hagfish BKE 98 23 &9 o3} mammalian BKS} §AHS
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Fig. 4. Comparison of reversed-phase HPLC profile between
the native (N) and synthetic hagfish BK (S). Reversed-
phase HPLC profile of the native and synthetic ha%ﬂsh

BK expressed (A) and (B). The mixture (N+S) of
hagfish BK was co-eluted as a single peak (C).

A84& Ul £ dde A& AA

34 Helolzg HAE Helolmote IS Huds] 93
A ZATAAHOE hagfish BKE 4891, 94 HPLCE A
439t (Fig. 4). Fig. 4914 Yeh Ro] ¥4 sietol=9 FAD
Ade Aetoleg £ ARgA £2HUD AL F o
=7} 2& #3%3 AHEE spAde Ag oudd. ¢ ¥
amide3t ¥ -NH, €19 hagfish BKE #4339 44 HPLCZ
AdE vag 27, HIED JE retention timed YERT.
8 amide3t ¥ hagfish BKE A0 o] Zdo] & 584 &
e A A8 B ¥ 848 B9 (o8 ). 9
#8 dFEL hagfish BK7F 3 58 ##9 BKS otisA 2
C BN amide#= A 42 -OH FHZ EA%de AL A
Al gt}

Hagfish BKS} 2{&of 2 Ha2ol s 584 53

Hagfish BK®} B8 $584¢ 2871 93te] 93 F3
Y2 L ol 48N en, vu A2 7|&d ¢HA UE mam-
malian BKE AH&-3t3th (Fig. 9). Fig. 514 Yetl X o] hagfish
BKE 107" MM Y¢S BHA Y mammalian BKE hagfish
BKETH o 1008] &L 10°MAA dA3& Jedd =8 §
£Ao 8 A3EE Yedl= Q) EDyS hagfish BK7} 20
X10"°M, mammalian BK7} 12X1077M9 g2 & hagfish BK
7b 1,0008) AE A Jebit7] 2o hagfish BK7H |40 &
#ol B3] #4844 A=t A 2SS ¢ F ok Hd @
¢ 9A hagfish BK7} 141 £ 11% £ mammalian BK 2% ¢ 22%
A Jebyt7] 9ol hagfish BK’F mammalian BKE T 2 7o]
Aol YA SoFA B UEES & & ok ody &
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Fig. 5. Concentration response curves to BK induced contrac-
tion in the hagfish intestine: mammalian BK (O) and
hagfish BK (@). Contractile effects were expressed as

% maximal response to carbachol, 5X10~" M. Each
point represents the means+ S.E. for 4 experiments.
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T4 mammalian BK® €42 B1% B29] +&AE #ilstd
3 849¢& Ueddz €23 Ad (Regoli et al, 1997). 2y}
AHgdte FEY F5 2 239 whA Bl B2 #EAY F23F
Apolgwt ohiet Bl, B2 T84 o199 = thE BK 449 su-
btyped] A& AAIS v 2k (Regoli et al, 1997). ¥ AN
hagfish BKe 93¢ Z#9) 28] mammalian BKE T} 59]F ¢l
Bhg-& e o] E e ZAEL HA A Yoz A2E F
9 BK #&A7} EAE 7154l Ade A& IO
=4 oF

Hagfish bradykinin (BK)-related peptide”} B3] (E. burger)
9 HRFZERHH £, AAHAHT. EX3Fo] 8758 Dagl
hagfish BKE Cis 94 R %°|22%# high performance liquid
chromatography® &3t AAH AT AH-gohn] =AM F ¥4 7]
9} MALDI-TOF mass spectroscopy?lAl @& ZA3e o2
hagfish BK®} YA}FZ% Gly-Thr-Ala-Gly-lle-Gly-Pro-Phe-Arg 2
#E A, of obr =44 E-¢ mammalian BKS} B 23 oAl
Mo ofulxite] X3S (Arg' — Gly, Pro*— Thr, Pro’— Ala,
Phe’ = Ile, Ser®—> Gly) E3#%0}. Hagfish BKE Y30 Zo]
W #5E4E JeEed, 4 107'MY FRoA X Bso]
vERs

ZEA

ZAte] &
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