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Purification and Biological Activities of Bombesin Like Immunoreactivity

from Skin of the Frog, Bombina orientalis in Korea

Hyeok Yil Kwon, Yil Kim* and Hyoung Jin Park

Department of Physiology, College of Medicine, Hallym University, Kangwon-Do
and Department of Chemistry, Dankook Untversity*, Seoul, Korea

The present investigation was performed to purify bombesin-like immunoreactivity (BBS-LI) from the
skin of frogs, B. orientalis inhabiting Korea. For extraction of BBS-LI, the fresh skin of 360 g from frogs
was immersed in 1,800 ml of 100% methanol and then kept at 4°C for 5 days. BBS-LI was partially
purified by liquid chromatography using an alkaline alumina column followed by a Sephadex G-10
column. BBS-LI was further purified by using sequential HPLC of reversed phase C18 preparation, gel
permeation, SP-ion exchange and reversed phase C18 analysis. BBS-LI in fractions of each step was
monitored by radicimmunoassay for which bombesin antiserum with a titer of 1 ; 188,800 was raised
in a guinea pig. Eventually, two different BBS-LI were successfully purified and each BBS-LI showed
the following character.

1) BBS-LI was well separated into two peaks in SP-ion exchange HPLC. One (BBS-LI-K1) bound
to the column while the other (BBS-LI-K2) did not.

2) BBS-LI-K1, 73.8% of total BBS-LI, was not differentiated from synthetic bombesin in reversed
phase C18 analytical and gel permeation HPLC.

3) BBS-LI-K2, 26.2% of total BBS-LI, eluted later than synthetic bombesin in reversed phase C18
analytical HPLC, but it eluted with a retention time identical to that of synthetic bombesin in gel
permeation HPLC.

4) The two forms of BBS-LI and synthetic bombesin identically stimulated gastrin release and
pancreatic exocrine secretion including volume, protein output and amylase output in anesthetized rats.

It is concluded from the above results that the skin of B. orientalis contains two different forms of
BBS-LI which are very identical to bombesin immunologically and biclogically. In comparison with
synthetic bombesin containing 14 amino acid residues, the major form shows quite similar pattern in
all HPLC used in the present study, but the minor form exhibits quite different pattern in SP-ion
exchange and reversed phase C18 analytical HPLC.
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1 peptider} amine 5o} o] Elo] e Ao
2 o2 g 196037 FE AAA ez A2
AT Qlste] b T Ao} AATEE 2He
2 H-E] eledoisin, physalaemin, phyllokinin, caeru-
lein, phyllocearulein 22| 3 phyllomedusine] #H:7
)9} © i (Erspamer et al, 1984), 1970:0] &= Er-
spamer et alol] 2] 3}o] bombesino] -8 AF kA
2]9] AdZql Bombina bombing?] 3| H-ollA] =Zx]9]
. 2 % ofe) 25 T2l oA ranatensin
(nakajima et al, 1970), alytesin (Erspamer et al,
1970), litorin (Anastasi et al, 1975), ranatensin C
(Yasuhara et al, 1979), phyllolitorin (Yasuhara et al,
1983) 53} 7+ X 2% bombesin A} peptider}
A4 Bazolcl o] peptides:-2 C-utrle] amino
acid 24 3} &34 4] bombesin} of ¢ F-A}
3}7] wl)Foll bomesin-like peptide (BBS-LP) & 2&
Hel d@A7A 2752l BBS-LP7} o=l gleh
(Erspamer, 1988),

g, ZAf-FollAx bombesin A=l 9 uh-g-E-3
(bombesin-like immunoreactivity, BBS-LI)o] w7
=9}, McDonald et al(1978) & == 9] YAzt
22X ¥ gastrin releasing peptide(GRP)E, Mina-
mino et al (1983) & = 2] 9] A 4ol 4] neuromedin-g-
FZsd o
RIA) 3} wiod A ¥ 318 (immunocytochemistry) 2]
etz Qlste] BBS-LIZL Alghg 233 o8] %
o AAR o AZANA BAE o} (Creely et al,
1984; Major et al, 1983; Moody & Pert, 1979; Roth
et al, 1982; Walsh et al, 1982),

BBSLPE 9142 3 A4AeIA Agshd 38
2 e Aoz el ek 2, BBS-LPE 9
A} (Bertaccini et al, 1973), #]|7o (Erspamer et al,
1974) &)z B 71z &2 A3 peptide (Ghatei
eval, 1982) 8] Hu|5 2R F2AHANA
L A& RA (Brown et al, 1977), 3% (Cowan,
1988) = kA (Woods et al, 1983) Sol Zlo]

Beisju} H|ah4a] A hormones] ¥ E 243}

Bl Abw] of 2 A W (radioimmunoassay,

+ Aeog 48z 9o} (Minamino et al, 1988), =
g} BBS—LP—‘;— #Hoke] 929l oat cell carcinomas}
carcinoid tumor Sol| 4 % A E]o] o] & A3z} =l
A3 AL A& THeA ol AAEA
al, 1982; Moody et al, 1981), =z®]= g BBS-LP<]
Aeled 7158 olahshn ol Aol A sakate) 4
BBAE olHf3tr] Hstoldt BBSLPS Ed

(Erisman et

45 AT B4 BY APV Be G Ao
A7,

AAEL ofo] GFA} Fxd7)F-2) (Bombina orien-
talis) | 7+ ZAo] ZA) ekt BBSLIS) o o) ¥4
7 o)A A (Park et al, 1988) 7} =¥ 2 ¥ g] BBS-LI
3 YA ATEd $4e BAY ) U
(Park et al, 1989). webd] 2 ol Fo Hi 2344
3} BBS-LI & high performance liquid chromato-
graphy (HPLC) & o] &3] 2 A 2 ¢34 8t
2 o A EA Y AEEH 48 4 bom-

besing] 212} ) wahn 3hoich,

48wy
1. BBS-LIo| &4H x|

1) Alkaline alumina column chromatogra-
phy : AL4T AT 1% 3605 5u) 43 (v/
w) 2] 100% methanolo]] & o}-g 4Col4 59 &
o WA a3ich, Methanol 230 73H5F 3]
methanolz} & A A 4|7l t}2 petroleum etherZ-
200 ml¥ -l shal A ubA-g AAR R A o]
A A% ZZoRL& alkaline alumina column (3.6 X 65
cm)of] §2HA]7] 3 ethanol ¥ %5 95%0l 4] 60%77}
A 5% AR ez FaATRA $EAE 2R
o}, 7 829 Z¢| BBSLI 9k RIA Moz 2
Aads

2) Sephadex G-10 column liquid chromato-
graphy : 47] &2 F BBS-LI §ko] £ £8
5(85%, 80% S2)E SEshe) s5mle) 10mM
acetic acidof] §-3l4]7] 3 £-&4 22452 A4 £
(Sorvall, 17,000 rpm, 30 min) 8}od A AA| A}, A+
A oll-&- Sephadex G-10 column (1.6X 95 cm) of] 3}
3t3 10 mM acetic acid2 -£&A|7]w4 3mle] 3

& 14005 =gteow 7 F3e FHEF 254nm
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(Uvikon 930, Kontron Inc, Swiss) o 4] £ 51+ 3}
% BBS-LI &ak& S 5tsich

3) Reversed phase C18 preparative HPLC :
Sephadex G-100] 4] Q12 -3 Zoj4 BBS-LI g2
o] ¥ TEFT vl Zol BF A=A H 400
(o] starting  buffer (0.1%
TFA : 50% CH,CN in 0.1% TFA=6: 4)of] &3}
A]7] syringe filter (Gelman, 0.45 #mX 3 mm) 2 o]
s}aha 150 gl 23] o] 150 HPLC (model #2150,
LKB, Sweden) of] -2 reversed phase C18 prepar-
ative column (ODS-120 T, 7.8 X 300 mm) o] 3= <] 3}
ek CH;CN FE& 20%0l A 30%7kA & 30+o
a3 50%7HAE 100%e] AH XAz F}
Al7]ed A 1.5 mle] B3-S 1007 =.9kc}, olw flow
rater= 1.5ml/ming 3}gjern] L£&N9 FHrE
HPLC variable wavelength monitor (LKB, model
2141) ¢ AHE3tod 254 nmoll 4 A sk & 2 &
%] BBS-LI 2% RIA Ho.2 Z43i5ch,

4) Gel permeation HPLC : Cl18 preparative
HPLColA] ol€ BBSLI 33%< AzA7 o
thA] 100 pl2] 50 mM acetic acid 2ol £ A7
50 pl 23]o] 1}o] gel permeation column(G
2000 SW, 7.5 300 mm) o)) 9] 3}3c}, 50 mM ace-
tic acid £ e 2 08 ml/ming] &5 2 £ZA]7)d
A FHEE 2R3 27 04mie] $5] 4045
of 7 23] BBSLI g2+ S4s)5icl,

5) SP-ion exchange HPLC: Gel permeation
HPLCoj| 4| 9-& BBS-LI 232 7247 th t}4]
100 z1¢] 20 mM NaH,PO, (pH 5.5) buffero] &3
A} 7] SP-ion exchange column (SP-5PW, 7.5X 75
mm)ol] F3A]7l2 NaCl 52 80%o) ZAX 0
mMol 4 250 mM7}R] RAAH o 2 Z71K]) 7|4 &
£417ieh ol# flow ratex 1 ml/mine]glo= &%
99 FREE ZARE 4U 1mle) 23 804E
wo} 7t 39| BBS-LI 28 &7 shlch,

6) Reversed phase C18 HPLC : SP-ion exchan-
ge HPLCol|#] BBS-LI&= F7H¢] peakz -F2]=3]
o}, 7 peakel] EsH BBSLIZ s3] 9]
s}od 7z} peake] 23)8 peak Wl E =o} Sephadex
G-25 column (0.7 x40 cm) o] Z}7+ ¥-313} 2 10 mM
acetic acidz &-ZF38}e) F719E2 AAAAS

trifluoroacetic acid,

BBS-LI 315 wo} WEAZA| 7|2 t}A] start-
ing buffer 50 410} & &} A} 7§ reversed phase C18
analytical column (ODS-120T, 4.6 X 250 mm)ef] =zt
7+ Z4)3k9it}, CH,CN F 5% 20%0l4] 50%77}]
402 Sotoll AAH o2 F74A]7]9 4 BBS-LIE &
Z A7)t} o] ol flow ratet= 0.8 ml/minojglow] &
Zolo] FREE 2HFE Bl 04mls] 2L 80

A urol BBS-LI #4254 sgieh,
2. BBS-LIS| MESS g4 53

1) o} BFoIM B gastrin Lu|o| ojxjE
& 300g ==& 37 A 200 E 244
A7) T urethaned 1g/kgd E7h FAeh
of slAZ, AAAE Bolel 15mis| G
ge 5 Imel geldd+s gz 334905
158 3o AA3 BBS-LIKI, BBS-LI.K2 2123
34 bombesing 0.5 ug/kgdl 77 Aoz o
3ol Foislsich, o 30 Fofl ANz FE 4
me dde AAsd e YTl ¥R
gastrin F% 2 RIA ¥ (Tai & Chey, 1976) 02 2
Ashsleh,

2) atx# EFoIM HFE =Z2b] 7S pixle
HE300g H=s= A 43 17ete]E 244)7%
A4 B8 urethaned 1g/kgHl %70 Ak
of wpadldct, FES €2 Park et al(1986) o
g meren] Adel AAE o 158 pHes
W73 o] 0.64 mm=]+= polyethylene #ol] Zgtt) 7]
Z Aol A 158 70of Fulsle HAAE 23] A3
3 che 243 BBS-LIKI, BBS-LI-K2 mx 34
bombesing- 0.1 ug/kgXd 717 74 Ao g Fofsta
AR HH A, A AFHo2RH I5E
7k} F-] 2k (volume), =l Fu]& (protein out-
put), amylase §-¥] 2k (amylase output) & &2 35}91
o, wuld S 280nmolAle] 5T F4%
of A& 39l 3 amylase &A% = Rick & Stegbauer
(1974) o] uho] whe} 24 3heie,

3. Bombesin®o| HiAlH A &N

1) Bombesin ##|2| Al 3FA [Lys®]-bombe-
sing bovine serum albumin (BSA)ol 1-ethyl-3-(-3-
diethylaminopropyl)-carbodiimide (EDC) & Znj &
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st} AHAPAIA dYoz AHE-EHgiet (Boehm et al,
1974; Goodfriend et al, 1964; Park et al, 1989},
2 mge] ¥4l [Lys®]-bombesin, 20 mg2] BSA 8|
200 mge] EDCE 4mle] FFgol P Ao
20/) 7} ¥ dozich gl 4ColA A
gAled4z 288 FAA7 ohg 125 p1(50 pg 4
t}re] [Lys®]-bombesin Z3H) M4 B3l —70Ce]
B33kl A83 33} 500 ple] Freund com-
plete adjuvant 2.2}3 Ae]Ad 375 s 23}k
o 83 4olF ohg o] A7 A 255+ guinea
pigol Al 3154} shgich, FuiA) W A A
o 23 Fol 2 g FAshl o] A g
Bl ol 45 AR FAgch T Hy
2 o 234 El& ol ARz Pk
HHZ FAE H A&

Bombesin &%) 4715 Z43}7] 93te] 1mlY
2 o (50 mM NaH,PO,, 0.5% BSA, 0.02% NaN;,
pH 7.0)all 5,000 cpm (0.86 fmole) 2] ”51—[Tyr4]‘
“bombesinst 44 84 FUHL T 4Col
A 7247} 2R 8 F 50%¢] 1#51-[Tyrt]-bombesin

A

188 S S
] S

e
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o Aok FLAY 341 §E T 47l &
Astsich, weig 3utelel guinea pigh FokeiolA
(LBE 2G-2) 83] w33} Fo] d7}r} 1! 188,8000]
#] bombesinol] o 4lo] £ BHAlE oich,

2) Bombesin x| B} E Aol &
bombesin &4 (LBE 2G-2) ¢] 0] A& ¢olu 7]
3}od bombesin, litorin, ranatensin, GRP, neurome-
din 5-¢] BBS-LP 2] i substane P, neurotensin,
vasoactive intestinal polypeptide (VIP), secretin 52
943 pepideSstel AP L =4
(Fig. 1-A), gl A3} (affinity) 3 F 2 ¥4
(total binding sites) &= Scatchard ¢] 4! (Scatchard,
1949) & 81-3hall ub-gofl A-&A]# I Scatchar-
d plot (Chang & Chey et al, 1980; Rehfeld et al, 1972)
cz2uy A4zdgion (Fig 1-B), a2 o244
%) 4 (heterogeneity index)+ Karushe] 2 A13]H %
4 ¥ (Karush, 1962) & o] & 3 Sips 2] A (Sips,
1948) © 2 ®g| Al23}9lt), Bombesin 3% LBE
2G-2+= bombesinofl= A stafo] wi¢ Fhort 2
o] c12 BBSLPol: Ashd o] ol S okch Bom-

B

28
— lSJ 2
? %
=
x
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- \\
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@ | N
®
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i T T
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Fig. 1. A: cross-reactivity of bombesin antiserum, LBE 2G-2 raised in a guinea pig. Extent of the cross-reactivity was
expressed as tracer binding ratio at various peptide concentrations comparing with that of zero concentration
(Bo). Abbreviations: BBS, bombesin; LIT, litorin; RT, ranatensin; GRP, gastrin releasing peptide; NMB,
neuromedin B; NMU, neuromedin U; SP, substance P; NT, neurotensin; VIP, vasoactive intestinal polype-
ptide; SEC, secretin. B: Scatchard plot of labeled (open circle) and unlabeled (filled circle) bombesin to

bombesin antiserum, LBE 2G-2.
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besin2] half saturation concentration(C,;)¢] 15.8
pMgl uluio] bombesing 23§l peptide Zoll 4]
LBE 2G-22} s xjul-g4lo] 7}2 =2 litoring 562.3
pME bombesinol] 8]3d}e] 364 &9t} Ranatensin
7} GRPo] o3l #x}ut-3-41-2 bombesine] 0.19 9}
0.05%% el 7]} o}2 peptide s 2 &
107 MR8l ol d mababgol ofuba] bk
t}(Fig. 1-A), LBE 2G-29) §& =zl &ha] Ab<(ef-
fective affinity constant)+= 1.03x1011/M, ZF =
3} A} 4~ (average affinity constant) &= 0.65x 101/
M, & Z3}H-9| (total binding sites) = 3.79 uM =2
2} 31 o)A A =] 4 (heterogeneity index) = 0.85% v}
Ehgl

3) Bombesin2| HlAlM EX| : '251-[Tyr!]-bom-
besing] Az Park et al(1989) 9] ul#8 wleic)
o] uilofl uwlel Az '251-[Tyr*]-bombesin ]
specific activity &= self-displacement method
(Stadil & Rehfeld, 1972) o1 ¢J3f A3+ 722} 3,300
4 Ci/nmole ] ¢} o v =uied&3tel (immunoreactive
content)2 82%-0°]%lc}, Standard curve2 EE| A)
AHgE RIA2] &4 217 (detection limit) &= 3.2 pMo)|
e,

4) AlS} [ Peptider= 2% 343 A

A

ot
o

A3

4.0 -
£
cC
<
Y o3.8 4
]
Z 2.8 4
@
m
(4
o)
0 1.8 -
m
i

v}, Bombesin, litorin, ranatensin, neuromedin B 9}
U, substance P, VIP3= Sigma (USA) o} 4] [ Tyr*]-bom-
besin, [Lys®]-bombesin, GRP, secretin -& Pennin-
sula Lab, Inc.(USA)ojlA] zbz+ qlsteich BSA
(Fr. V) 2} EDC, Freund complete adjuvant+ Sig-
ma (USA)l| 4], Sephadex G-10, Sephadex G-25,
SP-Sephadex, C-25 &= Pharmacia (Sweden) ol 4],
alkaline alumina= Merch (Germany)o}} 4}, lactope-
roxidase = Cal Biochem (USA)eol A}, Nal!?5:
Amersham (England) o] 7}z st ok, 7]l A)
of-2 reagent grade (Sigma, USA) ¢} HPLC grade&-
AHgage,

484
1. BBS-LIS| & 4% x|

Tt 33 360gol4 o2 methanol 3%
ol o] BBS-LI §8k2 17.8 ug/g of wet tissue® &
BBS-LI 322 6.41 mgo] ¢ o}, Alkaline alumina
columng] ethanol 8ol 809 ethanololA] 1.77
mg 2] 85% ethanolof4] 2.25 mge] BBS-LI7}
747y 82350} alkaline alumina columnol] ¥-3}3}
% BBS-LIZ 83.4%7} 80~859% ethanolo] 4] 425

[\
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Fig. 2. Chromatogram of BBS-LI in 80~85% ethanol eluent from a column of alkaline alumina on a column of
Sephadex G-10, fine (1.6 X 95 cm). Dotted area represents content of BBS-LI in the fractions.
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sk 80%3t 85% ethanol &% A& ¥ % 5o
Sephadex G-10 columnol 23}5}3 82 ] 7]w A
$2)$ o} 7} 23e) FFEF BbnmolA] 24
3HodS = 6702 peakst EF¥3}oler], BBS-Lie
Al peak ¥ 2ol 4 %59 ch(Fig. 2), Se
phadex G-10 columneo]] 4| 93-& & BBS-LI &-&8k2. 3,
2mg o] ¢f t}, Sephadex G-10 column off 4} o1 &
BBS-LI 3352 W5z A17] 5 2|43 (400 4l)
& Cl18 column®] starting buffero]] *o] {J4]5g]
(17,000 rpm, 30 min) 3+3. A}A B-& & 3lod syringe
filter (0.45 pmX3mm) 2 o] 3} 319 o} (F] £ 2 5],
300 ul), Reversed phase preparative C18 HPLC
columnol] 553 BBS-LI #3& F9J3d& o)
20%5 CH,CNoll 4] o] o] gro] AAHlon o]
< 254 nmof| A Bohe 214 nmell A o glo] &3
= 350l o] Aol BBS-LIE= reten-
tion timeo] 7883} 8029 ¥4l peakE t}ElUQ)
ot -2 FAEY &&= (Fig. 3-A), F
7Ne} BBS-LIE Rz2|3s}l7) 93l gel permeation
HPLC columne}] BBS-LI 23] &8 Fq]8lg o) ¢F
7kl ol EAEu AA=AE ¥ BBS-LI: skt

ooy

3 A B

£

o

% 50 %

TR I .

E)J ............. 350“
..... :

<Z( o

&DL 20.5

O -

1)

s}

<

BBS-LI,mg/fr
Qo w

0] 50 100 0
TIME IN MIN.

TIME IN MIN.

peak2 £2 =)o)} (Fig. 3-B). BBS-LI 23 E&
A] ¥Z3}o] SP-ion exchange HPLC columnel| &
3kl W BBS-LI= F7He] peak2 #A13] £
7} 531 c} (Fig. 3-C). A A peaks A A BBS-LI¢]
26.2%% 531 9lom column A H A4 £
%5903, S peak: BBS-LI2] 73.8%% &%

3l ¢)or 180 mM NaCloj) 4} £& =gl

A A5 9Jk)A e 2 SP-ion exchange resinol] &
Ao £98 BBSLLKI 22l 284 g
< BBS-LI-K22} 3dtgdom o|5& 7
4 7519 ¢}, BBS-LI-K13} BBS-LI-K2 28
293 971952 o] £35E Scphadex G-25
columnol] A7) 22 &Aoo 2 AAHY ),
B9 %o0] A74% BBS-LIKI3 BBS-LILK2 3
52 HEXH o7 reversed phase Cl8 analytical
HPLC columne) 77 4181518 = o}&& shvt
9] peakZ 7t7} £Z% %9l vl chromatogramA}
95% ol42l =& Yeb U (Fig. 4-A, 5-A), 3
A g BBS-LI-K! 5 pg-& SP-ion exchange column
(SP-5PW)oll 329131915 wioll & 3}1he] peakZ &
5o A EAETE Aot (Fig. 4-B), A

C

S50s
. 25 ©

o

10 20 0 40 80
TIME IN MIN,

Fig. 3. Further purification of BBS-LI by using reversed phase C18 preparative (A), gel permeation (B) and SP-ion
exchange (C) HPLC. The experimental procedure is described in Methods. Upper panels represent the
absorbance at 254 nm and filled bars in lower panels represent the content of BBS-LI in each fraction.
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<Z( 11 0, .051 _
o 35T 15 ?
§ ....... ©Q z
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0- — R = n) 0 — T = ¥ g
0] 20 40 0] 15 30 45
TIME IN MIN. TIME IN MIN.

Fig. 4. A: a reversed phase C18 analytical HPLC for final purification of BBS-LI-KI. B: a SP-ion exchange HPLC of
purified BBS-LI-K1. The experimental procedure is described in Methods. A thick bar below the chromato-

gram represents fractions containing BBS-LI.
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Fig. 5. Comparision of BBS-LI-K2 with synthetic bombesin by using reversed phase C18 (A) and SP-ion exchange (B)
HPLC. The experimental procedure is described in Methods.

A& BBS-LI-K13} 34] bombesing HPLC Aol 4] &3 7}ol| zlo] A g wAE +7} gl (datat: A
vl m3t7] 93te] 5 pg/10 p19] A% BBS-LIK1#  AJ3kx] ekgks). 2ejvh, 5pug/10 plo] A A3
A bomesing- E3§}slo] reversed phase C18, SP-  BBS-LI-K22} 34l bombesin-2 & 3t5}ed reversed
ion exchange .2] i gel permeation HPLC column phase C18 analytical columnol] 3= 9] 819 & ul o]
o FY4s3E Wl =F shte] peak® §-F=|o] =  BBS-LI-K2:= 4] bombesin® o} th& 7| £45]
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2001

1501 *

*

1004

504

PLASMA GASTRIN, pg/ml

MMIMIMMYY «
R

0-

(N=10, FOR ALL CASE)

() BASAL BBS BBS-LI-K1 BBS-LI-K2
Fig. 6. Effects of purifed BBS-LI-K1, BBS-LI-K2 and synthetic bombesin on mean plasma gastrin concentration in
fasted anesthetized rats. Each bar represents mean+SD. An asterisk means the value is significantly (p < 0.05)
different from that of the basal state.

VOLUME PROTEIN AMYLASE
(ul/ 15 min) . (mg/15min) . (KU/15min)
- 1 P -—
60 T 12+ 34, .
* *
40+ 8- 24
20+ 41 1
o [ ol T o

(] BASAL BBS BBS-LI-K1 BBS-LI-K2
(N=7) (N=10) (N=7)

Fig. 7. Effects of purified BBS-LI-K1, BBS-_LI-KQ and synthetic bombesin on spontaneous pancreatic exocrine
secretion in fasted anesthetized rats. Each bar represents mean +8.D. An asterisk means the value is significant-
ly (p<0.01) different from that of the basal state.
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9] © = (Fig. 5-A), SP-ion exchange HPLCoj 4] =
o] Aol 2 BBS-LI-K2: 0mM NaClol 4 223 &
4] bombesin& 180 mM NaCl rxo|A z}7} £3
]o] (Fig. 5-B) BBS-LI-K2¢} g4 bombesino] 4] 2
deldt TAYS viehigich @3 BBS-LI-K29t
34 bombesin& gel permeation HPLC Afof] A &
= A skt

S45x|# BBS-LI| MESE g4

1) op3#t HF o)A BH gastrin EH[0]| o|X|=
@ Fig. 60 AAR vhsh o] A BBSLL
K1, BBS-LI.K2 28] 3 §4 bombesin 0.5 ug/kgE
SER EEEELEER P ERTEREIEES
8] ¥ gastrin FE7F 25§23 (p<0.05,
paired t test) Z7}3kglomd Al A7k FAH <
317} gisieh,

2) obH$t HFM HE 2E2H|7]50 olx=
% Fig. 7ol A|A7E ulel 7ol AA|g BBS-LI-
K1, BBS-LI-K2 2] 5 %4) bombesin 0.1 ug/kgS
A7} QA AAHL 2 FoI e o) Ao, by
4 293 amylase £4]Z BE7} 5213 (p<O.
01, paired t test) Z7}slgdon], A EA 7t 57
49 37k fgleh,

i &

% AdoldE 2E oAl RIA 4oz BBS-
U gae & A, RIA e L s
ity) & Fe MY TR E FAY TAB
g8 s 1 HH AT 4 g ol 3ok, ola
o1f Aol ARG H4L ANAE Fol 4 (spe-
cificity) o] 3 FALEH 7o @ abub-$A) (cross-
reactivity) o] ‘¥ A& ALS-3l Zo| F 83,
- Tﬂ-zﬂ-—] 3-8 B-43lol} 9lo] Scatchard plot
9] #7174 A= (initial slope) 2 #-8] AAbshe &
%1 3} Al (effective affinity constant) 7} RIAe] E
o] A (specificity) & uld 3= 583 842 4z
9lch (Ekins, 1970), £ A& o)A o-& bombesin &
A9l LBE 2G-28] $-& A 32 A4t 1.03x 101/M
oloj4 e 42 S8 SAAPEH LFHE
Aoz Gl z+el 1.00x 1011/M (Rehfeld et al,

re

r-|n

I FYAT 7ol EA|3H Bombesin FARA Y EN 434 % 4FA Y4—

1972) ¥t} Eo} BBS-LIS] Z4o] 9lo] 243 So]
A& AY+e Aoz AZAs}, =3 LBE 2G-2=
bombesin®} [Tyr¢]-bombesinol| ths}ed oL o
41§48 1¥.9] "4 bombesin A} peptideq] litor-
in, ranatensin, GRP2}9] wx}ul-8-4.& o9 lo}i
o|-Z 1} wAa}u}-g-4d-& bembesinzte] vF-Adol ©f
stof 27} 2.7%, 0.1% 722 0.05% % el
$olv}, =8| LBE 2G-2+&= ¢ A peptide]
secretin, substance P, VIP §-3l= #2o] ul&g 3
A ¥skeh, oleid AHEE ®o} LBE 2G-2&
bombesin RIAo| of - ¢4 Faeha Bekslof
£ Aol 4] BBS-LI¢] RIAo| 2183151},

o]u] olF3} vle} 7}o] bombesing Bombina <-2]
B. bombinaS} B. variggata®) ¥ oA} HzlE gl
(Anastasi et al, 1971; Erspamer et al, 1970), &
oba7b 4R ZEY FEA L) F2 A4
= B. orientalisol] A= bombesin®] £x)|7} ¥ 7% u}
glerd tha] bombesin FAHEA o] EAF 7154 o
ARG ol§T AFolH AAD w3l
(Yoshie et al, 1985), 33 # x5 & o|uv] B
orientalis®] 7+ ZAof| Avdeke] BBS-LIZ} &3

B 7135} o0 (Park et al; 1988), 3]3-o)4] BBS-LI
2 38 ANl 2 ALH BA3 22 ol
XS 3713515 ch(Park et al, 1989), HPLGE o] &
] rAAT & Age Ao oy B
orientalis®] 3] Yol = 27}2] ZFF-¢o] BBS-LI7} &) 38
t}, A4 BBS-LIg) 73.8%2 A%t BBS-LIKI
2. SP-ion exchange #} reversed phase C18 analy-
tical HPLCol| 4] 1470¢] amino acid®. A% A
bombesin#} -4 &t okANS el & vl 26.2% 5
A f3++ BBS-LI-K2 &= SP-ion exchange HPLC
columnol] A A3¥telx] o4& ¥l ol]z} reversed
phase C18 analytical columnol] 4] 5. ¥} 4] bombesin
ol] ¥jslod & retention timeg Mol S5 A3
shieleh, oleld & AYe) AE
293t} ¥ w) BBS-LI.KIS 34 bombesing} A+
23] FARE 2Helel 559, BBS-LI-K2: 4
FAo|AY =& 54 amino acid§ Z¥3= 5
¥4 bombesind= FAHH o]AAE A EHY
Aoz 2ag,

2 Agely

=1
~~ oo‘:’g' =

444 BBS-LI-K13l BBS-LI-
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K27} bombesine] A4gsd $4¢ AU e
% AEs}7] $l5od o]Eo] bomesine] ERH el 4

=84 gdog oe 2l gastrin F-4] (Walsh et al
1981) 9} 22 2] 4-#] (Erspamer et al. 1974) & X0
ol3E kg dAsdeh 2 A o5 olA Y
AaolA] gastrin 3], Aol 2o, Ak &
ol, A% amylase 39) 52 2a e FUHE
£ Eok) 24 bombesing} vl of ol e 3
A giis 22z & Ageld £5AAY T}
| Z%F2] BBS-LI+= 25 bombesini} 53} A%
@1 B4¢ Ad 2o e 47,
Bombesinz} 223 o] A A2 =]yl peptider} 7}
Fe19) o2 gl s BAL et
Guineaol] 4 Al6}l= Ranas 7-F2lol|4] bombesin
nonapeptideq] [pGlu']-bombesing_ 7} &5 A

b
p

Z, Papua New

(Nakajima, personal communication), Rana cates-
biana®] % Ao 4 717} 3%-5-2) BBS-LIZ E%
o] & A glvh(Walsh, 1982), g Zfrfroll T
3l bombesin A} peptide (GRP)%. ¥x}7 o]A
AL AV Y ez g3 o v (Ghatei et al,
1983; Moody & Pert, 1979; Orloff et al, 1984;
Villarreal & Brown, 1978), o}u]i 2l &Aje| #q]
2 oRozi e 4ol X3 BBS-249}
BBS-100] 9t} (Reeve et al, 1983), c}& £ AT
2] ¥4l £43t+= bombesin -.T/\]- peptideo]| A &
asdc 2,
(1975; 1977)-& Litoria aurea®] 3)H-ol|A] litorini}
Glu(OMe)-litoring A8} e}, =& litorin Al
2] peptide ¢l Glu(OEt)*-litorin #} rohdei-litorin ¢]
Litoria®} o} 2 <9 |2l ] Uperoleia rugosa o}
Phyllomedusa rohderd] — H B4 Z2t FEE= ot
(Barra et al, 1985; Nakajima et al, 1980),
Al 9% Phyllomedusa sauvageid] T|HE-2 3¢
phyllolitorin®} [leu®]-phyllolitorine] 2|52l o =
(Yasuhara, 1983) Phyllomedusa rohdeio] =52 H-¥]
[Thr®, Leud]-phyllolitorin 7} [Leu?, Thr®]-litorin ¢]
SA10] 235191t} (Barra ot al, 1985). o] 2|3 %3}
£-¢& B orientalis®] 3| F-ol| 5 27bA] ol Abe] EAHA
o] A% z]] bombesin §-A} peptider} &4 7}
54€ Psel FE Aoz Az,

2 A7l T4 FATES A PolE

Bz o]z Aol Anastasi et al

Litorin

A244d A 2 3 1990—

bombesin®} £UF HdsH B Q) WA I
3 5

g At B2 ol
= 9712 £%¢] BBS-LI7} A8t 925 Eql3}
ot} zejvt 0]-&A Eo] bombesin {-A} peptide®
2ol 5]7] sl e ozl Aol o] E9 3%
82 27 FE L AFEE g4 F UA A
F5olok ¢ oz AL,

Z =

)
ol

e BFA FHATE 3ol EA)
BBS-LIE £4A A 3led 147]2] amino acidE

bombesinz}to] Bz} o|AA W ML
W)tz slger, Sslee H
o) £x)3}= BBS-LI&= methanol extraction, alka-
line alumina LC, Sephadex G-10 LC 2|3 ¢]o] 4]

reversed phase C18 preparative, gel permeation,

_?,‘L

o 4
A ook e o

SP-ion exchange, reversed phase (18 analytical
HPLCE ¢34 o3 AAsted F74A] F79
BBS-LIZ 24445900 ches} 28 S4¢ 7|
EAI

1) BBS-LI= SP-ion exchange HPLCol| 4] column
o] % 7A%sh= BBS-LLKIg} 7.2x) 9& BBS-LI-
K2z z 325,

9) BBS-LI-K 1 %] BBS-LI¢| 73.8%2 =43}
] reversed phase C18 analysis, gel permeation 2
2] SP-ion exchange HPLC 250l =% 3H4
bombesinz} 5 A epA ST

3) BBS-LI-K2% = %] BBS-LI¢| 26.2%2 233}
v reversed phase C18 analytical HPLC column of]
A ¥4 bomesin®.c} th4 HA €% =31 SP-ion
exchange HPLC columnol] Adtsl= Axrt &4
bombesinol| #]&}o] wHqie},

4) 2|5 BBS-LI-KIs BBS-LI-K2: u}3
@ WA B gastrin T2} Fgol, g 2
2] 3 amylase ¥¥|2-g 25 Fo5HA TS
o} 1 78S E%] ¥4 bombesing Foi g 7
2} SArekich,

o) 49 48 ABE FREY BFA FAT
o 3228 Fo4x 52 BBSLLL ¢4449

9lt}, A4 BBS-LI®) 73.8%% A3} BBS-LI-

— 372 —



— A8 o 22 BFA Foo) 2] Aol E4shE Bombesin fAlod g E A £4

=

18 EaA EA v 5} = )
43| bombesin} EHT A1l om, 262%% A
$3}= BBS-LI-K2& 2

A2 34 bombesind} fF-Apsht E=}

184¢ A Aoz Q7=

dojatd 54

_1}.4_
dm
2
o
2
rr

o

REFERENCES

Anastasi A, Erspamer V & Bucci M (1971). Isolation and
structure of bombesin and alytesin, two analogous
active peptides from the skin of the European am-
phibians. Bombina and Alytes. Experientia 27, 166-167

Anastasi A, Erspamer V & Endean R (1975). Aminoacid
composition and sequence of litorin, a bombesin-like
nonapeptide from the skin of the Australian frog
Litoria aurea. Experientia 31, 510-511

Anastasi A, Melchiori P, Angelucci F, Erspamer V &
Endean R (1977). Glu (OMe)*litorin, the second
bombesin-like peptide occurring in methanol
extracts of the skin of the Australian frog Litoria
aurea. Experientia 33, 1288-1290

Barra D, Erspamer G, Simmaco M, Bossa F, Melchiori
P & Erspamer V (1985). Rhodei-litorin: A new
peptide form the skin of Phyllomedusa rohdet. FEBS
Lett 182, 53-56

Bertaccini G, Erspamer V & Impicciatore M (1973). The
actions of bombesin on gastric secretion of the dog
and the rat. Br J Pharmac 49, 437-444

Boehm M, Lee Y & Chey WY (1974). Radioimmunoas-
say of secretin, I. Production of secretin antibodies
and developmelnt of the radicimmunoassay, In;
Chey WY & Brooks F (ed) Endocrinology of the gut.
Charles B Slack Publication, Thorofare New Jersey,
p 310-319

Brown M, Rivier J & Vale W (1977). Bombesin: Potent
effects on thermoregulation in the rat. Science 196,
998-1000

Chang TM & Chey WY (1980). Radioimmunoassay of
secretin. A critical review and current status. Dig Dis
Sei 25, 529-552

Cowan A (1988). Behavioral effects of bombesin. In:
Tache Y, Melchiori P & Negri L (ed) Bombesin-ltke
peptide in health and disease, The New York Academy
of Science, New York, p 204-209

Ekins RP (1970). Methametical treatment of data and

HAl 5 AT B
automation. In: Kirkham KE & Hunter WH (ed)
Radiotmmunoassay methods, Churchill
Edinburgh & London, p 614-615

Erisman MD, Linnoila RI, Hernandez O, DiAugustine

RP & Lazarus LH (1982). Human lung small-cell
carcinoma contains bombesin. Proc Natl Acad Sci

US4 79, 2379-2383

Erspamer V, Erspamer G & Inselvini M (1970). Some
phamacological actions of alytesin and bombesin. J
Pharm Pharmac 22, 875-876

Erspamer V, Improta G, Melchiorri P & Sopranzi N

Livingstone,

(1974). Evidence of cholecystokinin release by bom-
besin in dogs. Br J Pharmac 52, 227-232

Erspamer V (1984). Half a century of comparative resear-
ch on biogenic amines and active peptides in am-
phibian skin and molluscan tisues. Comp Biochen
Physiol 719C, 1-7

Erspamer V (1988). Discovery, isolation, and characteri-
zation of bombesin-like peptides. In: Tache Y,
Melchiori P & Negri L (ed) Bombesin-like peptide in
health and disease, The New York Academy of Scien-
ce, New York, p3-9

Ghatei MA, Jung RT, Stevenson JC, Hillyard CJ, Adrian
TE, Lee YC & Bloom SR (1982). Bombesin: Action
on the gut hormones and calcium in man. J Clin
Endocrinol Metabol 54, 980-985

Ghatei MA, Sheppard MN, Henzen-Logman S, Blank
MA, Polak JM & Bloom SR (1983). Bombesin and
vasoactive intestinal polypeptide in the developing
lung: Marked changes in acute respiratory distress
syndrome. J Clin endocrinol Metabol 57, 1226-1232

Goodfriend TL, Levine L & Fasman GD (1964). Anti-
bodies to bradykinin and angiotensin: A use of
carbodiimides in immunology. Science 144, 1344
-1346

Greely GH, Spannagel A, Burdett JB, Dinh T, Hill FLC,
Trowbridge J] & Thompson JC (1984). Distribution
of gastrin-releasing peptide and bombesin-like pe-
ptide in the alimentary canal of rats, rabbits, dogs
and humans. Gastroenterology 86, 580-585

Karush F (1962). Immunologic specificity and molecular
structure. Adp Immunol 2, 1-40

Major J, Ghatei MA & Bloom SR (1983). Bombesin-like
immunoreactivity in the pituitary gland. Experientia
39, 1158-1159

McDonald TJ, Nilsson G, Vagne M, Ghatei M, Bloom

— 373 —



— gkl el atE] 2] ¢ A)247W A 2 5 1990—

IR & Mutt V (1978). A gastrin releasing peptide
from the porcine non-antral gastric tissue. Gut 19,
767-774

Minamino N, Kangawa K & Matsuo H (1983). Neur-
omedin B: A novel bombesin-like peptide identified
in porcine spinal cord. Biophys Res Commun 114, 541
-548

Minamino N, Kangawa K & Matsuo H (1988). Neur-
omedin B and Neuromedin C. In: Tache Y, Meli-
chiori P & Negri L (ed) Bombesin-like peptides in health
and disease, The New York Academy of Science, New
York, p373-390

Moody TW & Pert CB (1979). Bombesin-like peptides in
rat brain: Quantitation and biochemical characteri-
zation. Biochem Biophys Res Comm 90, 7-14

Moody TW, Pert CB, Gazdar AF, Carney DN & Minna
JD (1981). High levels of intracellular bombesin
characterize human small-cell lung carcinoma. Sci-
ence 214 1246-1248

Nakajima T, Tanimura T & Posano JJ (1970). Isolation
and structure of new vasoactive polypeptide. Fed
Proc 29, 282

Nakajima T, Yasuhara T, Erspamer V, Erspamer G,
Negri L & Endean R (1980). Physalaemin-and
bombesin-like peptides in the skin of the Australian
leptodactylid frog Uperoleia rugosa. Chem Pham Bull
28, 680-685

Orloff MS, Reeve JR, Ben-Avram CM, Shively JE &
Walsh JH (1984). Isolation and sequence analysis of
human bombesin-like peptides. Peptides 5, 865-870

Park HJ, Lee YL, Kwon HY, & Shin WI (1986). Exocrine
pancreatic secretion in response to electrical stimula-
tion of reticular formation in mesencephalone in
rats. Kor [ Physiol 20, 1-7 (in Korea)

Park HJ, Lee YL, Kwon HY, Shin WI & Suh SW (1988).
Molecular heterogneity of bombesin-like immunor-
eactivity extracted from tissues of Korean frog,
Bombina orientalis. Hollym Unip J 6, 121-143 (in
Korea)

Park HJ, Lee YL, Kwon HY, Shin WI & Suh SW (1989).
Isolation of bombesin-like substances from the skin
of the frog, Bombina orientalis: Its molecular heter-
ogeneity and biological activity. Kor J Physiol 23, 79
-87 (in Korea)

Park H]J, Kwon HY, Lee YL, Shin WI, Suh SW & Oh YS§
(1989). Production and evaluation of anti-gastrin

serum for radioimmunoassay. Kor | Physiol 23, 89
-98 (in Korea)

Reeve JR, Walsh JH, Chew P, Clark B, Hawke D &
Shively JE (1983). Amino acid sequences of three
bombesin-like peptides from canine intestinal
extracts. J Biol Chem 258, 5582-5588

Rehfeld JF, Stadil F & Rubin B (1972). Production and
evaluation of antibodies for radioimmunoassay of
gastrin. Scand J Clin Lab Invest 30, 221-232

Rick W & Stehbauer HP (1974). In: Bergmeyer HU (ed)
Methods of enzymatic analysis, Vol 2, Verlag Chemie,
Weinheim. p885-890

Roth KA, Weber E & Barchas JD (1982). Distribution of
gastrin releasing peptide-, bombesin-like immunos-
taining in rat brain. Brain Res 251, 277-282

Scatchard G (1949). The attractions of proteins for small
molecules and ions. Ann NY Acad Set 51, 660-672

Sips P (1948). On the structure of a catalyst surface. ]
Chem Phys 15, 490-495

Stadil F & Rehfeld JF (1972). Preparaion of '25]-labelled
synthetic human gastrin-I for radioimmunoanalysis.
Scand | Clin Invest 30, 361-368

Tai HH & Chey WY (1976). Simultaneous radioim-
munoassay of secretin and gastrin. Anal Biochem 74,
12-24

Villarreal JA & Brown MR (1978). Bombesin-like peptide
in hypothalamus: Chemical and immunological
characterization. Life Sei 23, 2729-2734

Walsh JH, Maxwell V, Ferrari J & Varner AA (1981).
Bombesin stimulates human gastric function by
gastrin-dependent and independent mechanism.
Peptides 2 (Suppl 2), 193-198

Walsh JH, Lechago J, Wong HC & Rosenquist GL
(1982). Presence of ranatensin-like and bombesin-
like peptides in amphibian brains. Regul pept 3, 1-13

Woods SC, Stein L], Figlewicz DP & Porte JD (1983).
Bombesin stimulates insuline secretion and reduces
food intake in the baboon. Peptides 4, 687-691

Yasuhara T, Ishikawa O & Nakajima T (1979). The
studies on the active peptides in the skin of rana
rugosa. I11. The structure of ranatensin-R, the new
ranatensin analogue, and granuliberin-R, the new
mast cell degranulating peptide. Chem Pharm Bull 27,
492-498

Yasuhara T, Nakajima T, Nokihara K, Yanaihara C,
Yakaihara V, Erspamer V & Erspamer G (1983).

— 374 —



—AHY 9 29) 1 YFA} TP T2 3§ 243 Bombesin FAA S A F4AA Y AEA ZA—

Two new frog skin peptides, phyllolitorins of the bombesin and 5-hydroxytryptamine in the
bombesin-ranatensin family from phyllomedusa cutaneous gland of the frog, Bombina orientalts. Cell
sauvagei. Biomed Res 4, 407-412 Tiss Res 239, 25-29

Yoshie S, Iwanaga T & Fujita T (1985). Coexistence of

— 375 —



