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

Haruhisa Furapal, Koichiro Gen®*, Naoshi Hiramatsu?,
Kazuhiro Ura? and Akihiko Hara®

Abstract

Growth hormone {(GI1) 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-lICI buffer containing 2%, NaCl and 0.19, 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-rsGIH) on
Western blotting was obtained. Therefore, it was identified as a chum salmon GI.
Intraperitoneal injection of the purified sGH resulted in a increase of body weight, when
tested in a bioassay using juvenile masu salmon (Oncorhynchus masow).
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R BRI B 0 A HPRISHE O 2R T & 2 Twvw 5 (Komourdjian et al., 1976 ; Clarke et
al,, 1977; Miwa and Inui, 1985), & &0, HIETIRRBAOME L RE XN Cw 5 (Danzmann
et al,, 1990 ; Van der Kraak et al., 1990),

BHEIGH 1, 7 4 27 Tdapia mosambica (Farmer et al., 1976) T#l CRiM &, DIk
S ENTwS, ZhET, &Y 4 Katswwonus pelamis (Noso et al,, 1988), v "0 Thunnus
albacares (Kariya et al., 1989), # & Gadus morhua (Wever et al,, 1989), 7'V Serivla quinegeradiata
(Kawazoe et al., 1988), =11 Cyprinus carpio (Cook et al, 1983), &, Anguilla japowica
(Kishida et al., 1987), .k 5 a v X dcipenser guldenstadts (Farmer et al., 1981) ¢ GIH 54
BEEINTWTwL, BT~ A/ A Oncorhynchus  tshawytscha (Le Bail et al,
1989) ¥5 L 1¥ v v Y Oncorhynchus keta (Wagner et al., 1985 ; Kawauchi et al., 1986) T GH 34
WaEan Tty 'oo

Y BUOSIC B 5 GH o2 RG22 5 20T, GH % L 0 3R &4 ChY
i‘i%ffé‘?‘%’a{llv‘ﬁfiﬁft)c’oo Lo %dia, ZHE TFHEE, S0 GH UL, S 7 & b il a i
QW] A 2 A 2 TR 2N HC SN T E L, ST ES £ To L Dh OB
AT THHED, W THHSE o7, 22T, vyudy GH BELHEN, 1A ‘/?}é}f"i’ =
YN TT 4 =B LT VRBAO 30O AT v I LD, R ST O R R
DPEEA ML U O T b,

B# o F Ok
#E R

oo TR, 1992 45 10 JTISRBE T 3 e £ 3 S BB AR B o T & oz
(5D, BT 3 %< 30C CHEFL 10

Wom A

Doy b GH(esGH) x4 A K RPUMET i, Hara (1976) Ot -» TIERIL
foo L mg/ml BT EE L 72 osGH z“(}’;& 1 ml 2% Freund’s (-omplet,e adjuvant (nacalai) &
HEL, 2w AP g R ER L, oY a 05 ml £ F AT 1T 4 ERE L,
PURIG A - = v 7 Lot 2 HIOBIMNRIE 217 - 7oo FUME R D AR | ek YA

BRKERS L UREERNFk

B 22 7500 (128%) B L OHMUEQE A 2 740 (5-22.5%,) #Hhvwiz MU ARl R T
®, SDS (sodium dodecyle sulfate) KU 77 Y7 3 K404 Bk (SDS—PAGE iy i,
Laemmli (1970) O Fkic it » 7z, B0 ULENE Hara and Hiral (1978) it U, B, #HEO
#IG 1T 2-mercaptoethanol (2 MP Y B A 19, e A & D IRINL o4, 100°C T 2 S L 7,

PRI L 24 mA SR B BT o 2o, Bt 409, 2y /-, 109, BRI IEW I A
L 72 0.1%, Coomassie mlhant blue R-250 A 4 vy, it 209, =¥ / — b, BY, Kk, 2.59,

) e a— b DREW T, T ab v — % — (Pharmacia) 13, a-lactalbumin  (14.4 kDa),
srypsin inhibitor (20.1 kDaJ), carbonic anhydrase (30 kDa), ovalbumin (43 kDa), albumin (67 kDa),
5 & UF phosphorylase b (94 kDa) #fw/z,

Western blotting & Towbin et al. (1979) Dz Ule, SR & 3B (26 mM + U 2,
0OmM6-7 2 /n- o, 20% A8/ —v, pH 9.4), B No. 1 (300 mM I\ ‘) A, 20%, A
§ /-, pH 104), B No. 2 (25 mM + V) R, 20% £ % /—n, pH9.9) %1, MR

»
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BE (HAxZ A F—#) w kb 258V ElgrT 1%M%1xﬂoko% AT A= Y VR e R
Ak SRR Ry A RS % UJ<7 B, BY% AF 4 3L 2 /500 mM NaCl &y 20 mM | U A K
i (IBS, pH 7.5) thT 30 4MM 7 & > 7 %17 o/iféz KR TH D arsGH %70y v

YW RT L 102500 OB THML, BE T MRS 3 ¥z, %08 0.05% Tween-20 %4
2 TBS(T-TBS) 54 TBS T&K 2 [H 2 5 Mg L, REO—I k&R Ui, Kot
»m‘m ~)b 71' >F 2 y“— tf“fr;;\ ufiww 4 4-‘“ IgG »*r» :*f“ JWH) (Bio-R.ad) % TBS iz 1:2,000 OF R

) 7 )~ — b (Blo-Rad), 20 ml TBS/5 ml A 5’ S =k, 15 ;11 WEELRSOK] i L, Stxu,

o044 GH OBy

oo Y TR R R, 0.8%, triton X-100 & 150 mM NaCl % & e 10 mM Y > 85 47 17 ¢
(PBS, pH7.0) hT# o AHRE Y 4 W% FOokEF Thlt i {’1 BFFS L L 0,
¥1% 15,000 rpm 42 T 60 Hz%iuu&, L 35Y%, BRI L e B L D WHREE Y e = AR &
MZ T 4C C—BEHIE Lz, B onicili s RIgisgic L 2 lnlumr Tins, 20mM Y
A-HEREREATE (pH 8.0) CHMR, BT AT o foo T ICIENT AT o Fo B, RIREIRE G TP L -
DEAE v —2 (DE-52, Whatman) /J T LRI o, i R RREliE B & U8 NaCl i %
50 mM, 500 mM ¥ L 7 | WIZ L B AT v 7V A R CHEB#1T > 7, g 120
ml/h & U7zo 50 mM NaCl# Hg3 I8 & i b, 2% NaCl, 0.1% NaNy # & 20 mM + U A-JiEE
Wi (pH 8.0) 12 TWEHi{ U 72 Superose 12 % 2 A (FPLC system, Pharmacia) (kL 72, ¥EH
{3 FiH 0.8 ml/min T17 - 72,

SEEERYIE N

R0 GH o 43t 2 iR T 220 Mo 0EMY 7 9~ 2 (PHAT 194111 g)
W ALK R R G AR TR E s T v AR I Lo v b o —
R, 0.9% NaCl £ Bilpnicis s Ui, GH #451 WG % 1 pg/g WO C—FH i &
OER O IR S L, S 2 HRIC R LE 21T - o,

& R
TEEHHBROMRIEN

B WA % GH o4 miged e B L Tt Uz, 859, 38 4 U8 50%, SR s o fifs
TYEZULIT, ¥ D”) 7T diMfMl P AT U T, BRED A BER O (L 4l & PBS TIAIR L
FEAE L & b SDSPAGE it L 7ok %x TlgJ 1imd, GH oML a-rsGH & w7z Wcstf
ern blotting (2 & U 1T 7z, 35%, RN TIE L A K0 GH 1k f" RS EN T, —
73, BOY% SORNHAHEE ¢ b, B XIS 0 GH 25380 & iz,

TEARHBROAA TV b I5T 1 —

C DE-82 i 2 GH O F o g 48 Uiz, TREARIH S 20 mM U A-HEEN

?{1 (pH 8.0) & & YL 72 DE- 02 LN —A DT AL fz, NaCl #3250 mM, 100 mM, 150

md, 300 mM, 500 mM #& & 20 mM ) A-HiH Bo(pH8.0) WX D AT v T A AT

BT ol S U S % SDS- PAG 52 O BT L Ao 255000 SDS-PAGE 4% Fig. 2 12574, 50
mM NaCl % &% 20 mM | Y A-ER0 (pH 8.0) 12 T AT - 72 5T ¢ GH g #5780

Hitz, GH i SDS-PAGE [T 100 mM NaC] VALY & THEERC & 7248, LU us H4
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1 2 3 4 5 1 2 3 4 5

GH= |

Fig. 1. 5-22.59% SDS-PAGE of fractions after
salting out with ammonium sulfate. 1:
precipitate of 35%, ammonium sulfate satu-

ration. 2: supernatant of 35%, ammo- Fig. 2. 5-22.5% SDS-PAGE of fractions after
nium sulfate saturation. 3: precipitate of ion exchange chromatography on DE-52 at
50%, ammonium sulfate saturation. 4: differnt NaCl molarities. 1: 50mM, 2:
supernatant of 50%, ammonium sulfate 100 mM, 3: 150 mM, 4: 300 mM, 5: 500
saturation. B! pituitary extracts. mM

T GH oY FRED S NRha iz,

GH 58
FERARIHE O 35, fUHIR 2 i % DE-B2 v u—Ah I sl Ui, Bty - %
Fig. 3124, 20 mM bV A-3i % (pH 8.0) & THEHI L 7 JEGE Sl 4 pass through 437,
50 mM, 500 mM NaCl fé;’%,‘f 2[R Wz TN L A4 A 2 i B0 mM s HE s & U 500
mM 7S & Uiz, FNLENONME % SDS-PAGE it L7 (Fig 4), X TOHEHSE I GH
%ﬁ&bfwhwﬂﬂmMmHﬁMkJGH@A/%@&# 1547 Fig 3 Dy v F—H5 % i
L, 2% NaCl, 0.1% NaN, % &¢ 20 mM b U A-HEEGHTN (pH 8.0) TH{L L 7z Superose
NGRS D A LR SR, v A MY =Y —2 s (Fig b, ©—27 #i% SDS-
PAGE 3 & U a-rsGH % v 7z Western  blotting (it L 720 % Fig. 6 12573, SDS-PAGE T 23
kDa iz —& DNy FHEE S N, F0Ny P8 Western blotting TRIG L Z e h sy at s
el & GH 2 BEIREIC S TS s 2 LR S e 3 G I ECF Tt 28 kDa
L, JEMITF TR 225 kDa TH oA (Fig 7).

i O Ve
B GH ot 0 sy 7 7~ AN G TOIER L 22 RIS
T ORI, CHESHSEMERL, 2> b o— AR U 2N

% B

INETH L OB BT CH o B L TG S TV AHS, THRE & ok
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Fig. 3. Ion exchange chromatography of the pituitary extracts at 359, saturated with ammo-

nium sulfate.
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Fig. 4. 5-22.5%, SDS-PAGE of fractions elut- Fig.

ed on DE-52 column by stepwise method.
1: Pass through fraction, 2: 50 mM NaCl
fraction, 3: 50O mM NaCl fraction. Sam-
ples were reduced by 2-mercaptoethanol.
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5. Gel filtraction of 50 mM NaCl on
Superose 12. The 50 mM NaCl fraction is
the same represented in Fig. 4.
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MW (kDa)

1 2 1 2

Fig. 6. 12.5% SDS-PAGE (A) and its Western 1 2 i 2
blotting using a-GH (B) of purified GH.
Lanel is pitutary extracts. Lane2 is Fig. 7. 5-22.58% SDS-PAGE of purified GH
purified GH. Samples were reduced by treated with (A) or without (B) 2
2-mercaptoethancl, mercaptoethanol. Lanel is pitutary
extracts. Lane2 is purified GH.

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

Treatment dained Weight(g) +SE
GH (L0 gg/mi) 11.635 2.365
Saline control 2.281 0.356

BESNL, Wb, Tids ooz 7 & b > phenylmethysulfonyl fluoride %4t & 7 a2 7
T XA 2 Y — B AR TTT O ik (Kawauchi et al,, 1986 ; Kawazoe et al., 1988 ;
Noso et al,, 1988; Kariya et al., 1989) Oz M OEHRE <175 /7% (Farmer et al, 1976,
Wagner et al., 1985 ; Wever et al, 1989) #3865, GH BBiAMEOEHTH S Z LVHISNAT VS
{Kawauchi et al., 1986), # = TR L2 % 12 i 3 JE A A4 S W REENHITH 5 triton
X-100 # 0.3% & & PBS T{T - /2, triton X-100 Bl ML & RO 2 1 S, GH Bl
AT i triton X-100 OBIAMEERS CHib I, BT Bz o5, £/ /Tkk BRI
R E B o & D A OEM L Rm AR PIIEWERN L Rt L Bbh b, il
NwHW’@%%&T®w44/QM/B«l /74—@mwm£xo,%mwNmnm&tu
TOERC LTz, JEES T NaCl £ 8 £ i ¢, CH OEHERs GHBES CHeh
NaCl #445 50 mM ¢fFvy, EHGE 500 mM NaCl ¢lg L A SDEEMFEHE R Tz 2 o 5 500
mM NaCl & L7z,
IRHETHEINTOAMHBORERIAS 32D U NS, 1) GUHARES O pH 4
HUC & 5 TR OW®E & 7' 1 1) &L%&u,%nAﬁﬁA*Mw%”“4:?4~7
0w NI 4 —RT, KA kDY o O, B Y FT T =%
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7o, HRES VAT S 55k (Wagner et al,, 1985), 2) pH LA & 5 Pk o vk
VGRS, WL D Aty ik (Kawauchi et al, 1986 ; Weveretal., 1989) &8 J: 1 3) pH
WL Y 2 TF IR I O B A 2 VR, (B A /@{m 0w NS T 4 WA T L
4% 77k (Noso et al., 1988 ; Kariya et al., 1989) TH 3,

G, uy o GH ORSUEIEREN, 14 R o7u~v o7 4 B LU VIO 3 D
0)7\‘7 T T T, ﬁ)l’D‘u, W P U, ATy O3 n e oL 2RO I b B (2 |

J6h, 03(?“]’4 b LB b, WY /A’v ﬂ‘«‘ LR MU TR 2 1 5
z tf» "X o@f%;”ﬁm 7/ ENE Y S R ETH B, w\uw»s,

HHEABAMETHL 7 = L UNTITS D ’C&u‘ééu‘n /« e vio OFEFEBRECMNv BHE I

L, RIS E *cw(; G a N 5, AT B OB L GH I /L VIR &
WER L Jo S0, T2 LRI ORISR ronf:o PAED X 5w GH oy riéf/ﬁ W H 5

A, Eii U iAW A T L 6N D

A TR L 7 GH 12 SDS-PAGE i B> 22.5kDa ’C Hotr, B GH ot g
TR a NI f 3’”3&0{1,)0)“ o BLSH 25— L Twde (Table2), £, GH 04T X
SDS-PAQGE 24 2 BEDBICAIE I L SR &z (Fig. 6) B & O 4 it 0 F T
1 28 kDa TH D IEEGTT T 225 kDa ThH o, CH O3 THEG B AV —T L/ V-7 D
DO TITEEL, — TR S-S EECHEENR T WA (Wever et al,, 1989), JERICT Tk
ZOBEEPHER SN TH AL ORIET DS T L D/ a lﬂﬁf'f’?‘n?’d' EEfER L, T, yud
7O GH ST SR~ TH D HEEMNEE L 60 L2207 4V 7 4—4 (GHL B &
U GH2) OFHEIESME 2 N T b (Wagner et al, 1985; Kawauchi et al., 1986), K GH #

Table 2. Molecular Weights of Teleost GH

MW Reference

Chinook salmon 23.000 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)
(P ’}’I:lxg;)?a mosambica) 22,200 Frmer et al., 1976
Sturgeon . Farmer et al., 1981
(Acipenser guldenstadiy) 23,500
Japanese eel 23.000 Kishida et al., 1987

(Anguilla japonica)

Cod Wever et al., 1989

(Gadus morhua) 20,000 and 22,000

,(I;J’I::nnus albacares) 21,000 Kariya et al, 1989

Bonito . Noso et al., 1988
{ Katsuwonus pelamis) 21,000
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Mono-Q # ¥ 4 (FPLC system, Pharmacia) # b C A4 Aoy a~= 79 74— 2T
B, GH s GHL & GH2 £ 26N 5200 — 2 BB 5, GHL L GH2 137 3 /8
5’ HEC W B WL TETOEBAH 5435, tn vivo TORGREERT L b REESREET 5 2 L0
WahTsn (Wagneretal, 1985), BEGEECHA T 2BIMEL CHRBS LW EBbh b
BLb, ARSEERNE vy o Tl S, ERIARETICBY M5 Tl /7 £ ) GH 7}’&;
HAL 7o, A GH B2 H T 5 2 E P S &Lt = kin s, GH b DRk e A BULE o it
D—DOFEBL LT, tnvivo DREEEICHGS I ENHERTH S T LARENT,

7?\!)8%’@17') Zdhte ) uy RS JHE L T IS o AR {i Al
oL EY, lt,xxwmuw&w%fwtﬂfxﬁxw“ /n//A&
William W. Smoker #Z o ¥ < B2 R,
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