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Simple Purification of Growth Hormone from
Chum Salmon (Oncorhynchus keta)

Haruhisa Fukapa?, Koichiro GEN?*, Naoshi HIRAMATSU?,
Kazuhiro Ura? and Akihiko Hara?

Abstract

Growth hormone (GH) was purified from the pituitary glands of chum salmon (Oncor-
hynchus keta) by salting-out, ion exchange chromatography and gel filtration. The pitui-
taries were homogenized with phosphate buffered saline (pH. 7.0) by using a glass homogen-
izer and then centrifuged at 15,000 rpm for 60 min. The supernatant was precipitated by
addition of ammonium sulfate at 35%, saturation. After centrifugation at 10,000 rpm for 30
min, the precipitate was applied to an anion exchange chromatography column (DE-52), and
eluted by stepwise method with 20 mM Tris-HCl buffer (pH 8.0) containing NaCl at 0, 50 and
500 mM. The fractions eluted with the buffer containing 50 mM NaCl were pooled and
concentrated, and then subjected to gel filtration on Superose 12 column equilibrated with the
Tris-HCl buffer containing 2%, NaCl and 0.1%, NaN,. Only one symmetrical peak was
obtained by gel filtration. When the peak fraction was applied to SDS-PAGE, a single band
of 22.5 kDa which was reacted with rabbit anti-recombinant chum salmon GH (a-rsGH) on
Western blotting was obtained. Therefore, it was identified as a chum salmon GH.
Intraperitoneal injection of the purified sGH resulted in a increase of body weight, when
tested in a bioassay using juvenile masu salmon (Oncorhynchus masou).
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BRI B 2 KEICREOM 2R £ T3 (Komourdjian et al., 1976 ; Clarke et
al, 1977; Miwa and Inui, 1985), & 512, TETRBRFNOEE L RE I T2 (Danzmann
et al, 1990; Van der Kraak et al., 1990),

REGH X, 7 1 77 Tilapia mosambica (Farmer et al., 1976) THI» THEB S h, DSk
HLHEENTWD, ZhFET, VA Katsuwonus pelamis (Noso et al., 1988), < 7 0 Thunnus
albacares (Kariya et al., 1989), ¥ 7 Gadus morhua (Wever et al., 1989), 7V Seriola quinegeradiata
(Kawazoe et al, 1988), 24 Cyprinus carpio (Cook et al, 1983), 7+ ¥, Anguilla japonica
(Kishida et al., 1987), 3 X U’ a3 7 % Acipenser quldenstadty (Farmer et al., 1981) T GH $g%4
BREZINTHOTVD, Y 7EAETI YR/ X7 Oncorhynchus tshawytscha (Le Bail et al.,
1989) & X ' a4 Oncorhynchus keta (Wagner et al., 1985 ; Kawauchi et al., 1986) T GH §&
ErHEshTns,

Y RABIC B 5 GH O £ RT3 5 2 ¢, GH % X 0 B &4 THES
BT BRENHL, LrLRSS, IhETTERDSO GHEENE, Fi27 & b &
RENCHAEA 7 AZROTHET 5 HEBAVONTE L, 7HBICES T D10
BAT v 7HHY, BRITRELEL- K, 22T, yu¥y GH 25H&EN, /4% o
YN TT74—BIUSNVEARD 3 ODAT v S LY, BRIREET CHIEICERETER S
SHERMEILI-DOTHRET 5,

M HE
#HEAR

oy TEEKE, 1992F 10 BEAEFS T2 TS MEBAETR B THES L RMVE
HEnE, BET3ET-30C CEELY,

fom s

Varyesdy 4y GH(sGH) 2343 2 RAYIME X, Hara (1976) O HECH > THEHRL
720 1 mg/ml QP IFHEE L 7z rsGH ¥ 1 ml % Z 8 D Freund’s complete adjuvant (nacalai) &
BEL, 2303 Y RERILE, 2oV Y g2 05 ml 2 RBEYT I 1ERRT4ERELT,
Yilhflie = v 7 L7z, 2 BOBMAERT->7%, FMZHEEC L DTV, % EE85,

BRUARES L UREBYHNTE

B—RAZ 77N (125%) BLXUVBEARR S 7501 (5-22.5%) 2RV ) ABEHKS T
D, SDS (sodium dodecyle sulfate) XYV 72 YL7 3 R/ VEKKENE (SDS-PAGE #%) i1,
Laemmli (1970) O /K- 7z, ¥4 x Hara and Hirai (1978) w# U7, Hib, 3P0
FRIT I 2-mercaptoethanol (2-ME) R % 1%, 1272 2 & 3 I8 MNL 7218, 100°C T 2 SN L 7=,
BN 24 mA EER TH 6 T - oo BBIIIZ 40% =5 / — )b, 10% BiB DR-SVER - 15 IR
L7z 0.1% Coomassie brilliant blue R-250 ¥5# % Fi\>, Biffix 20% =¥ / —n, B9, Kekg, 2.5%,
ZVea—NVOREERTTo%. 4 FB~—%— (Pharmacia) i3, a-lactalbumin (14.4 kDa),
trypsin inhibitor (20.1 kDa), carbonic anhydrase (30 kDa), ovalbumin (43 kDa), albumin (67 kDa),
¥ & Uf phosphorylase b (94 kDa) % Fiv>7-,

Western blotting i Towbin et al. (1979) DFskic#eUr-, BEE I ZRREH (25 mM kU 2,
OmM6-7 $ /-n-t 70 VB, 20% A5/ —, pH94), M No.1(300mM k V) 2, 20% £
¥/ —n, pH104), B&H No.2(25mM + ) X, 20% A5/ —, pH9.9) % v, FiREE
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BEE (AT F—f) k) BV EBET B SMEE 2T, E5ERO=- ok o—
R ISR RIGEB S, 5% A% 4 307 /500 mM NaCl 25 20 mM + U X-1EERE
& (TBS, pH 7.5) T30 70y > 7/ %2 {To ek, —REMETH 2 asGH 270y F >
JYERIHT L 112500 OFRETHEML, TR T 1BFERIG S ¥z, D% 0.05% Tween-20 25
ts TBS (T-TBS) & X tf TBS T& 2 EITD 5 gk L, REO—RPiEEREL, KT
RPUE (VA F v F— B Y 9 ¥ Ig6 ¥ ¥ 1) (Bio-Rad) % TBS §1iz 1: 2,000 OFHR
KCHRML, ERT IEBRIRIE LUz, LR Ak 2T, 20GRFBERRKR([15 mgs-7 o o-1-
+7 +— (Bio-Rad), 20 ml TBS/6ml % % / —, 15 uli@EfbAkFEK] wBL, REIE,

< O 4 GH sl

vuy sy FTEERBK I, 0.3% triton X-100 & 150 mM NaCl # &2 10mM V) > ERIBE K
(PBS, pH7.0) hTH I AKEY A F—2 AR T CHIBREZTI Lk VB2, #Hhil
¥1% 15,000 rpm 12 T 60 SRR, EiEIC 36% MABE L k5 &L 5 WRRRT v E=7 A K2
M T4CT—BERERL, 8ol BBERENERICI D 2EEREL TS, 20mM +Y
A-HEFEEER (pH 8.0) TYAMRE, BN 21T - oo BN 21T - 18, FRERC THELL .
DEAE £ 1o —2A (DE-52, Whatman) % 5 AICERML 7z, BHE LE0B SRS L ' NaCl BE %+
50 mM, 500 mM xR 7- FEEFRICE 2 AT v V4 B CER 2T, AT 120
ml/h ¥ U7-, 50 mM NaCl A E 218G L, 2% NaCl, 0.1% NaN; #&% 20mmM + ) X358
EEw (pH 8.0) i T L7 Superose 12 % 5 4 (FPLC system, Pharmacia) 12U 7z, #H
135 0.5 ml/min T{T - 72,

HMREN

S GH 0EYEHNEREABRT 22D ICAVE0ERY 7 7 <R (FHKE4L11g)
i3, LHBERFAKEETH B LREAEEHER CTERAT IV Tw G EERA L. a Y o —
VBRI, 0.9% NaCl Z2BERENIZRE LT, CHEGHIHE GH * 1 ug/g REQORET—HB &
a6 BN L, BiRE 2 HRICHKREIE Z21T- 7,

& F
TEGHHEDOTHRIEN

HI \CFREEN Iz 81 3 GH 04 A B L TRE L7z, 35% B & U 509, SafIBE DR
YR ART, Yudr FTEAMNEERER Lz, BOSMEROEESES PBS THE#EL,
FESE L & b iz SDS-PAGE it U7 % Fig. 1 @R T, GH OB a-rsGH % F\v>7: West-
ern blotting iz & D {T-572, 36% BAAIRRLBE CIEL A LD GH BIBRGEICEEh Tz, —
7, B0% BANIRRZBE TH, WEBSHECAES O GH 355D shiz,

TEEHHENA A THIO IS F77 41—

iz DE-52 281} 2 GH Ol F D&M 2B Lz, TREMEKEE 20mM + ) X -EREE
¥ (pH 8.0) iz & V E#{L Lz DE-S2 €L 0 — A 5 Al L 72, NaCl #E 50 mM, 100 mM, 150
mM, 300 mM, 500 mM % &3 20 mM + Y A-EESEEW (pH80) LD AT v 7V 4 XETHH
21T 1, B4 E % SDS-PAGE 12 & © #847 L7, £453E ) SDS-PAGE % Fig. 2 W/R9,50
mM NaCl %4t 20mM + ) A-ERHEER (pH8.0) W THEH 2T 1243 E T GH OB SED
5hiz. GH ix SDS-PAGE T 100 mM NaCl AH A B & CHER T & /228, ZhlEOBHSE
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GH»>

Fig. 1. 5-22.5%, SDS-PAGE of fractions after
salting out with ammonium sulfate. 1:
precipitate of 35%, ammonium sulfate satu- : .
ration. 2: supernatant of 359, ammo- Fig. 2. 5-22.5%, SDS-PAGE of fractions after

nium sulfate saturation. 3: precipitate of ion exchange chromatography on DE-52 at
509, ammonium sulfate saturation. 4: differnt NaCl molarities. 1: 50 mM, 2:
supernatant of 509, ammonium sulfate 100 mM, 3: 150 mM, 4: 300 mM, 5: 500
saturation. 5: pituitary extracts. mM

T GH O BT shshotz,

GH fEsl

TREHHE O 35% BRI LS B2 DEB2 v — R4 5 ATt LTz, Sy — 2%
Fig. 312" ¥, 20mM ~ U ZA-SEEEEMEH (pH 8.0) 12 THFH L7 JEW 2 43 B % pass through 438,
50 mM, 500 mM NaCl % & te[AEERIC TEH L7248 % % h2h 50 mM % H 45 B X U 500
mM EHSE L Lz, FRFNOSE % SDS-PAGE o fit L7z (Fig. 4), T ~TOEESEIIC GH
DEFE L TWwizht, 50 mM A EIZiE GH O FOARR SN Fig 3 Dy x F 5%
L, 2% NaCl, 0.1% NaN, #&¢ 20 mM b+ V A-HEEEREMEE (pH 8.0) THk L 72 Superose
127 NEEERY T ACHEURR, vyoA M) - —27aEsn7: (Fig.b), ©— 7 % SDS-
PAGE 8 X (farsGH % F\>7- Western blotting 2 fit L 7:B#% Fig. 6 1277 %, SDS-PAGE T 23
kDa [z —AHKD/N > FPEHE S, Z 03 FH Western blotting TRIGLIzZ Ehsyads T
Fefih o> GH BELIKEIRC SHE TR N 2 EAVRE N B GH 3BT T ¢T3 23 kDa
%R, FBTTFCTIX225kDa ThH-7- (Fig. 7).

EWPAENE

B GH i iz 0 £ 7 7 v ACEENES 2TORERR L 72, BREOKIN%E Table 1 127R
T, REORMNE, GHESHSEEE2TL, 2 ho—VELERUEEPBEEs N,

% =

INETHSOBEFAET GH ORBEICL THREZN TV 20, TEED» S OEFEICE,
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Fig.3. Ion exchange chromatography of the pituitary extracts at 35%, saturated with ammo-
nium sulfate.
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5. Gel filtraction of 50mM NaCl on

Superose 12. The 50 mM NaCl fraction is
the same represented in Fig. 4.
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B A B

MW (kDa)

1 2 1. 2

Fig. 6. 12.5% SDS-PAGE (A) and its Western 1.2 )
blotting using a-GH (B) of purified GH.
Lanel is pitutary extracts. Lane?2 is Fig. 7. 5-22.5%, SDS-PAGE of purified GH
purified GH. Samples were reduced by treated with (A) or without (B) 2
2-mercaptoethanol. mercaptoethanol. Lanel is pitutary
extracts. Lane 2 is purified GH.

Table 1. Effect of sGH on the growth of juvenile masu salmon

Treatment Gained Weight(g) +=SE
GH (1.0 xg/ml) 11.635 2.365
Saline control 2.281 0.356

NEeNE, L, TEEH»SOHEIZ7 £ b > phenylmethysulfonyl fluoride 7z ¥ 7o 7
7 —¥A e EY -z - EEEE TS Fik (Kawauchi et al., 1986 ; Kawazoe et al., 1988 ;
Noso et al.,, 1988 ; Kariya et al., 1989) DfIZEEME DRERK TIT75 /% (Farmer et al., 1976;
Wagner et al., 1985 ; Wever et al., 1989) 25% 2, GH ZB/KEDEHTH L Z LS TS
(Kawauchi et al., 1986), # Z THIHER2ED 372 dIEA 4 v EREFEERTH 5 triton
X-100 % 0.3% &t PBS TfT > 72, triton X-100 I3 BEAMEERGE & BIAMERA 285, GH OBAME
#431d triton X-100 OBAKESH S TEDON, FAKERE T LFZ on b, ZLAEROMEBER
AHREEERAOHEEI DV EAOESESRELRL THENBNE £ L Ebh s, Ak
NaCl BEDEER COBRA A R/~ b2 7 4 —DFEEER LD, BBHO NaCl 2 % 1L
T oz Ui, 3 sTEIE NaCl 2 & £ 2 WiEEWRIC ¢, GH OB HIED GH & HFEhi:
NaCl 7 50 mM 1TV, [EUE 500 mM NaCl TIiZ & A FOEBEEBNBELH 2R TWwiz 2 56 500
mM NaCl & L7z,

INETHEENTVLIHMEBEREOBFRAS 3>t ond, 1) FESALEBZE O pH L
Ik 2 TEEMEBROWE L7 VIERICHE L2, ConAAZLA2BW T 74274 —7
Ov b7 4 =575, FNVERICED) 703 0%, BAA YRy ov ST 74 —%
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Tv, BRXESVIEREITS Stk (Wagner et al,, 1985), 2) pH ALEiC & 3 T EA&MEKOTLR
27 NVEGE%, WY S Azt d 5 (Kawauchi et al., 1986 ; Weveretal,, 1989) 35 & U 3) pH
I & B TEEAMEEOE 27 VIRA, BAL VR 7ax N7 40—, $MA 7 Lt
¥ % 5% (Noso et al., 1988 ; Kariya et al., 1989) T»H 5,

4H, yovr GH OBYIIREEN, 1A T o=r 774 —BL S VRO 3D
DAT T TITo Tz, BOBEBEICHEL, A7 v 78D hui: o BRcBELIREEL 28
), BADHESE ERb TR T LEBbND, ¥is 7 2 2AVIBHEERISME TS 252
LW TESZOTHEBEAOOT I /BENEENE T 3RICBDARRETH 2. L Lads,
BHEPEBBRETHETE =YV VTITIOTHEERZ n vvo DBREBBRFCAVIHEIR
EtE, RESEE T ARENEH AN S, KRBV THERBL L GH i, £WEEtts
R IR, EEEE LAEOMMBRED Shi, BED LS GH OB S L MELNH 2
2, BRUCHELBUEPHAWS ZEBEEEFE 2 6N D,

AR TSI 7: GH 12 SDS-PAGE i B8\ T 2265kDa Th->7-, BE GHOSFREIINE
TR ZAEB I Uo7y BIAE L IZIZ—BL Tw: (Table2), ¥/, GHOHFE I
SDS-PAGE 2t 2D BeiEIc L V=R BT Shi: (Fig 6), s 205 FEIIBTLTT
X 23kDa TH O FERTTF T2 225kDa Thotz, GHOHFREE R ANV —T LIV —-FDZ
DON—TBEEL, V—FKiRiE SSESTHIINTWwS (Wever et al., 1989), JEBITT T
CDREVHRBE SN TO 0B TOOTRLIV/NSWERRT LEEIRS, —F, Yoy
7O OH RS FEPRA—TCHVFESAMLIE6L60 LA L2007 4Y 7+—4 (GH1I B X
U GH2) OFEEIHRE SN TV B (Wagner et al, 1985; Kawauchi et al., 1986), #E# GH %

Table 2. Molecular Weights of Teleost GH

MW Reference

Chinook salmon 923.000 Le Baiq et al.,, 1989
( Oncorhynchus tshawytscha) ’
Chum salmon 18.400 Komourdjian and Idler,
(Oncorhynchus keta) ’ 1979

23,500 Wagner et al., 1985

23,000 Kawauchi et al., 1986

Fukada et al.

22,500 (present study)
’(I‘%}ial.s;za mosambica) 29,200 Farmer et al., 1976
?leg?;sler - radsi) 23,500 Farmer et al., 1981
.(] Z%;x;:?; e;ipmm) 23,000 Kishida et al., 1987
Yellowtail 22,000 Kawazoe et al., 1988
(Seriola quinegeradiata) ’
?Gogd s morhua) 20,000 and 22,000 Wever et al., 1989
’(I‘;}I:snnus albacares) 21,000 Kariya et al., 1989
Bonito 21.000 Noso et al., 1988

(Katsuwonus pelamis)
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Mono-Q # % & (FPLC system, Pharmacia) # W A A VR I7 0~ N5 7 4 —%1To
B, GHOwHw GHL1 £ GH2 2 502 2200 — 7 B8RA D1z, GHL L GH2 117 3 VB
HRCBOWTETOZEREND 28, invivo TORSERTL b IHREEDNREE TS Z L5
FENTHBY (Wagneretal, 1985), BREERZFEHATIHRRIAEL CHRES RV EBDbNI S,
HE, ZEBEY oy 7y TEE»S, BALEETCBY 2R ChELAER LY GH 28
B WM GH 32 ET 5 2 L BERINIZ Lo, GH 2389b 284 2 £ BB R OENT
D—2DFRLLT, in vivo DREEBRICHVS I ETBETH S I EBREN,

# .3

AWMEEITICHL0 oy TEER TRE L TL & o dtiBEREKEFIRRKIGRES
BECELR#HOLLET, £, EX0HBBECL RO T IRAAKET 2T/ 7 A%
William W. Smoker Zi2 12 E BB ET,
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