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Rapid quantitation of follistatin by surface plasmon resonance

(SPR) immunoassay.

Masashi Hyuga*, Nana Kawasaki, Sumiko Hyuga, Miyako Ohta,

Satsuki Itoh, and Takao Hayakawa

A simple, rapid, and accurate assay using surface plasmon resonance (SPR) apparatus with anti-follistatin
antibody (SPR immunoassay) has been developed for the quantitation of recombinant follistatin. This assay can
be performed with a direct injection of conditioned medium; results were obtained within 10 min. The quantitation
component of this assay was precise and accurate with a limit of quantitation of 62.5 ng/ml in Ham's F12 medium
containing 2% fetal bovine serum. These results demonstrate that SPR immunoassay is a powerful technique for
several researches, especially for screening of gene transfectant and monitoring of protein production.

Keywords: follistatin, surface plasmon resonance immunoassay, biotechnology-derived pharmaceuticals, quality
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ML F oy BHERRIL, TOEERBRICESMM2
EOBFREEMEZ LB LT H0ORPRIL, BREEN
BEINDEF NI HFEBFZRE LTCHO(Chinese hamster
ovary) fifa7s ¥ OBMMAER AR R MiEftE LTRIASh
TW5. X 7 R BEORERRMBHRE LT 5720
Wi, Bx Y VR BREARS ¥ —R R R MR~V R
Tzl va B EOYBEHFECEAL, RaENIZES
RENEI 0 —VEBRTHIEREREINE. Z0OL D50
7 u—RE L ARERITED TEWD, X7 ¥ — it EHImE
BEFE2HZALZ LT, I NB I o727 n— 2 3KA
it u—r b LTCRZ V== T3 2 L BTRETHS.
Linl, 7o FAIZRaE~MBIA TN R, SR8
RE VNI BRBEBMNESATHRNIERHY HB. &6
Iz, ¥z & 7 ERBBALO o BB ARRIE, &
IuR—VIZBWTRRRED, EABETORIART, €7
2= CBWTELIRRS. Lo T, BAIMHES v—
vIRHOEROMBZ Z RV ERRBE I e — VDR Y —
=7, BEERRAT T LRD .

MMZ Z VR BERER I a— DRI Y= 72
WTARA AT v ARV ATHLH, BEEEzLEET
B, RAAT v AL KBDRBMERL R V—=V JIXE
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THEEICBNTIE, A1 A/ 7T vk 2R EERORA
BRI VA VBEOERPESERFETHD . LY DT,
ELISA (Enzyme-Linked Immunosorbent Assay)id, HLESASfH
EroREBRECENLFETHIORAAERTEL
2, 1) BIEEMT, REEZETS, 2) BEELEDIC
X, v =27 VREDRE , HIBREETNLEBEEFET
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5,4) HBEEBEPOBRERENTRLRY Y FA v F ELISA
IZit, =€ =72 RICT3 2 BEDOE/ 7 u—FHiE
b L IEY Y FoA o FELISARFIRER R Y 7 u—F ik %
MELTBHE, WO OHIREH T .

Bift ,ELISA DREMEREOFI AL , @EHORE
RTvEAL LT, EEZHEALERE S5 XE 45
(SPRYEEBEX#FIALI=T vA (SPRA LT vEA)BER
ERELDHE, ZDT vEAIE, VTAZ A LTESEN
BT CE, BOTHEWEREZETS. &biz, —fEE»
DEROFETE Y —F v TEERTE, —Ew L —Fv
FIZEE LI-HURiR 0 R UERTEET, BERICRIT & 1T
b¥BZLELESHTHD. L, EELECDZ LRI
EERNETHSPRA L T v OBERIDRL, BELE
ERAWEEROEDEIIHE TR

AT, HFEAREEROEH ST L LTEREATY
BI7FYAFFUANEETNGTFEUTERY BT, Mz
T+ Y REFUEEMROER EEP T+ Y R EZF 28
EroRBIZERTBSPRAL /T vl ZRESLLE.
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EEBRHx t k7% U RFFUBETFEA CHOMfaE (CHF2. 27 #%) %
1. RELEE 0eniEB/T 4 v alzary7Zixy NETHEBEE-1%,6

T+ Y REFUNL, b MABRZ 7+ Y A ZF L PFEACHOM
famn, BELELOEBWE. ik b7 x Y 2 ZF Ui
i%,R&D systems & ¥ A L 7= HBS-EP buffer (10 mM HEPES
pH 7.4, 0.15M NaCl, 3 mM EDTA, 0.005% (v/v), Tween 20),
N-hydroxysuccinimide (NHS), N-ethyl-N' —(3-diethylamino
propyl)-carbodiimide (EDC), ethanolamine hydrochloride
(pH 8.5), BLUM5 ¥ —F o 7%, BlAcore ABA L
AL,

SPRA A/ T wEA X, BlAcore2000 (BIAcore AB) % Fvy,
FEMTIZ T _T 25CTITo 2.

2. toY—F v TOEH L FHE

NHS (50 mM) /EDC (200 mM) #75#K (50/50) T 10 #3FEliE{E{L &
BT M5 Y —F & 712 10 nM BEREREHEHR pH 5 IZVERE L
i b7V REF Uik EA V7 L, BELESR
10, 000 resonance unit(RU) & L7 . BEEERET,
ethanolamine (IM) T/ myH o/ L7z,

ERLEE L —F o 7, 74V REF U L ORBEEE
RPFRATICE VEME L. oY —20 5 Ak IR/ 5%
HEIZE D curve fitting &8, S HEEE (kass) R UR
BEREE R (kdiss) 6 , KD (kdiss/kass) B H L7z (BIA

evaluation software Ver.3.1, BIAcore AB).

3. RESH

Z v =7 : HBS-EP buffer

P 100 p1/min

EHE ;250 pl

HEEERU) : [REOEALT 1 5% ORU] — [HEOEA
BA%A 10 $baiiod> RU]

Y —F v FOEAE 130 1 1010 mM HC1-Gly buffer
pH 1.5, 1 M NaCl #&EALT-.

4. REDRTE
FEIE 20, 40, 60, 80, RTR100 pl/mlicBWT, 74U R ¥
FUERIR (500 ng/ml) 2. 5RIEAL, BEEXHELE.

5. RELKDER

T4 Y A B FLEED 2 [EERRF] (7. 8~1, 000 ng/nl)

FUTBRMESHHan s FI2EEMERAWTHRRLE. 3%
FNZOWTHEREFREL, 74 VA F U RIECBITS
BEENPL 7+ )V AFF U2 EERVBEROBERELEL
Gl ko TREREZIERT DL L b, EHHE
(Mean), £RHERZE(E (SD), [EIUY=R (Mean/FHEREX100), R}
%CV {H (SD/Mean x100) Z3RD 7= .

6. ERLAPORERNE

nl® 2%y RRIRMEEE Han' s FI2EEHLC 3 HREES#EL
7-8E3E VSR E L7 .0.2 pn 7 4 A ¥ —TABH%,SPRA
D) T oA RN AT oA IZHLE.

7. 248 VREFUDNRAFTTvEAITLDER

TV AEZF L, T7/FEEEEEQDEHERTS
LETTI7F L OEENHEZS|IERZZTOT, 77F
EHHNERIC 7+ VRAEFU2RML , PfESEL S -T
T Y AREZF U BERD.

T FEUEEE K62 filaE VL AR—F —T—
T oA LoTHRELRES.

# B

1. 24 YREF o9 —F v TOFHE

AFECHER L7+ Y 22 FUonEkRELE o —
F o TOMETEZ BHE U, EEROT 2T o &R,
fREEERKDIX, 1.72 x 10°M L EH SN . —BRARHE
PLAR DIREEE T, 10 M~10"°MTH B Z L b, M7 #
YRZFHEPEBENICEELEN TS Z L BHER

Nz, ¥, B —rF ADcurve fittinglZBW T, #
BHFERBA T VAT 7 —ITEB L2 &0, +5RD
T+ ) RAEFUHERER L TVB I ERTBEh, Bl
L7z —F v 7L, SPRA AL/ T v A 21T5 DITHEY
ThHHEFME L.

2. Bt oRE

RHERBER X UMM 2 EELT 57201, B
720 OFEEE L FEDBHRICOWTHRE LEBE, FoEick
FILCTRAEOEMPBES N, AR THWEREBIC BT
BREBHEITROEBIETH S 100 p1/nli2BNT, b
K OREBEPBESNI-OT, IBROMITIL, FE100 41/
ml TITH 2k & L7z (Fig. 1). £7=, AL, fATAEA
% (KINJECT) OB KABETHB250 ul & Lz, Z D&MD
BE, BEFERIL, 2. 5 50, B H =0 ORI, &
Y —Fy TOREREBEED , N0 HETHoTZ.
INRETHEINTWSBSPRS A/ 7 vl A IzBI1T BHH#
13,6~20 u1/mlBETITRbhTEY , HEHOREBIIHRE
SN TWiedol, EEREIX, el L-REomE Ik
FEDMHEMLHRTE 2V, Bt Lo THRITER
7= OBRHEE XY 3 LRI

3. BERDER

mEFIIEL,SPRA AL T v, CRHWEAEF—F v
R RMICESTIVERFEL, BT RICEEL 52
3. #Him ki, fikZEEELTCWRWFy IR TFS ok
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Fig.1. Effect of flow rate for binding response
Binding responses were determined with 500 ng/ml follistatin in HBS-EP
buffer for 2.5 min injection.

L, #LBIK Z L TRET B2 EMNM/BEIND N, EBOK
BRI, R EERLLIZBEE T T 7 THRALMICR
Bk, EHAOHERLE LT

2% VIRRMIEE A Han' s F12 52 AWVWCRARI L~
TAYAFF O 2 BERZINER (7.8 ~1,000 ng/ml)
KOWTEHEGBREZRE L. £74 V) A FUREICRIT
LREGEND 2%V VIBRMES A Han' s FI2 HHOKE
B (43 RU) ZZ LBWI{EIC DWW TR LR, SBED
B % 2L AHBILREK0. 997 DR B MER S = (Fig. 2).
i, ERRR(CVIED 20% LT OR/NRE) 12 62. 5ng/ml
L2y, BHTHWERMEEZRL, BIRELIZIFI00%TH -
7= (Table 1).
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Fig.2. The standard curve of human follistatin quantitated with SPR
immunoassay

Binding responses were subtracted with blank (43 RU). The curve was

fitted with a simple fitting (mean % SD, n=3, r>=0.998).

4. EEFEFDPORERE

t b7 U REFUEBLETFEEA LT CHO MR (CHF2. 27
) OBEE EFEICOWT,SPRA A/ T oA ICL b7V A
2FUBEOHEERAIFER, "MAT vEA hbTHRX
NEEIRIERCAEE 2 57 (Table 2).

ULORBRERETDE , AP TR LZSPRA A/
T A, Mz E 7 BERBBRMBRROR 2 Y —=
ZIWZERL Y 5, HE, DENOERRZFETHHZ LI
mEani.

Table 1 Evaluation of the follistatin standard curve

Follistatin [ng/ml] Response [RU]  Calculated [ng/ml] %Recovery %CV
1,000 1915 + 176 982.1 + 952 98.2 9.7
500 1032 =+ 69 531.8 + 40.7 106.3 11

250 496 + 26 2584 + 18.7 103.4 7.2

125 220+ 1.1 177+ 111 94.2 94

62.5 94+ 04 534+ 75 854 140

313 39+ 02 254+ 6.5 813 256
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HRERMBEEICRBIT D, BBEKOR 7 ) —=r VRO
Table 2 Quantitation of recombinant human follistatin in EREBICBITAERSME, g - B8 mTERETRED
conditioned medium with SPR immunoassay TSR PSR, MRRRTASEREIE T 31 B, Ta A DRE A
HEREUMEMEOEE, RUMES 0 BES b~ —h—L
Measurement Follistatin [ng/ml] L= EEOFMEICH L FETH D, Sbi2iE, &5
BOEKGOMPLERPEEL ) TLY A LTI LR
Bioassay 600 BLO>Z2bOEHGFENS.
SPR immunoassay 748
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