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Sochungyong-tang, Tradititional Korean Medicine,
Suppresses Th2 Lineage Development

Hyuk-joon Jeong, Moo Chang Hong, Min Kyu Shin, Hyun Su Bae™

Department of Physiology. College of Oriental Medicine, KyungHee University, 1. Purimed R&D Institute

In this study, the immunological effect of a traditional Korea herbal medicine, Sochungyong-tang (SCRT) that has
been widely used for the treatment of various immunological disorders including allergic asthma in Korea, was examined
in vitro. In our previous study demonstrated that SCRT decreases the expression of IL-4 mRNA, that plays pivotal role
in Th2 cell development, while increases IFN-yaexpression, which is one of the key cytokines for Thi lineage
development in ThO condition. That study strongly implies that SCRT can correct Th2 dominant condition directly
affecting to the CD4+ T cell development. Present study designated to further evaluate the SCRT on helper T cell
development by monitoring Thi1/Th2 specific cytokine secretion patterns in artificially induced Th1 or Th2 polarized
condition. The results demonstrated that Th2 cells were dramatically under-populated in Th2 driven condition with SCRT
treatment, while Th1 cells were not altered in Th1 skewed condition. Furthermore, under Th2-skewed conditions the
levels of and IL-4 were considerably decreased with SCRT ftreatment. However, the expression of GATA-3, a
transcription factor that plays pivotal role in Th2 lineage programming, was not changed with SCRT, suggesting that the
suppression of Th2 cell development by SCRT was not mediated by GATA-3. Present study implies that the effect on
CD4+ T cell may be the one of key pharmacological effect point for treating IgE medicated allergic asthma by SCRT.
These results also suggest that SCRT might be desirable agent for the correction of Th2 dominant pathological disorders.

Key words : Sochungyong-tang, Th1, Th2, allergy, asthma, IFN-y, IL-4, T-bet, GATA-3
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Table 1. Contents of SCRT (ethanol extract of Sochungyong-tang)

Herbal Medicine Amount ()
Fpoedrae  Herba (i &) 6.0
Paeoniae  Radix Alba (37558 6.0
Schizandrae Fructus (A% F) 60
Finelliae  Rhizoma (& &) 60
Asari Herba Cum  Radice (#8 =) 40
Zingiberis - Rhizoma %z &) 40
Cinnamomi - Ramulus (¥ #%) 40
Glycyrrhizae Radix (H B) 40
total amounts 400

2} OFllE Table 1 of J71¥ HIEE E¢H5kd & 800 g&

=) HEE ThA 80%, 90%, 100% OEFSolA] 22
E FETIUCE Y FENUE 0TCM Zess =

97.68 g (yield: 12.21%)2 B AR E HUCh /WNEHEE
FEE2 A8 Mo 3x} SF50] = 022 m syringe filter £
AMBsIA ARETIHTE
2) AR AREH B4

Sl /INERREY ethanol AEFEE oF 240 mg& Y3
=IO} test tubeoll @i methanol (HPLC reagent, ].T. Baker,
USA) % HA% (18 MQ 0]419] 3%} £84) 4 mZ Hils] ¥
o] =Q1 & 045 ym syringe filter (PVDF, Waters, US. A)E &3
AAM ZAOZ AIESIICE INERES THL A NEE
ne pymnRg pasiaTl o A HEsd ul
(ephedrine), ®8ZNF  (paeonifiorin, Wako Pure Chemical
Industries Co. LTD., Japan, 0|5} Wako), 2P]A} (schizandrin,
Wako), BI5} (homogentistic acid, Fluka Chemie, Switzerland),
A4] (a-asarone, Sigma Chemical Co., Germany, 0|6} Sigma), 71

Z+ (6-gingerol, Wako), HIA] (cinnamaldehyde, Merck, Germanyy),
A% (glycyrrhizic acid, Sigma) & FollA] §x) A|#61L U=
AEE 4 EMoIT) olg 442 °F 10 e FUS] 2ot
AEER9 BAZFHo| Wl methanol W HRIS 5 mioll =RICt.
=01 EFNL 2,15, 1.0, 05, 01 mg/m O E LA A5k
#F HPLC chromatogramE ¥ 7} peak® WA Z EH5lH
S HAAR]Y HBBAE HLAKSHA Yol FEI%rh
2 AFoA AHE¥ HPLCE Waters Breeze System (717+

Autosampler, 2487 dual A absorbance detector, 1525 binary
HPLC Pump, Waters Co., Milford, US.A)E AFE351911L, data
el Waters Breeze System(Ver. 3.20, Waters Co., Milford,
US.A)E AFESIRTE HPLC BMZHE 23 2ok
(1) Column : Symmetry®CI8 5 um (ODS, 4.6x150 mm,
Waters, US.A)
(2) Mobile phase :
D a-asarone ; methanol : water = 5 : 95 = 100 : 0 (v/v)
@ cinnamaldehyde ; methanol : water = 40 : 60 (v/v)
@ 6-gingerol ; methanol : water = 65 : 35 (v/v)
@ glycyrrhizic zcid ; acetonitrile :
solution = 40 : 60 (v/v)
® homogentistic acid ; methanol :
solution = 15 : 85 (v/v)
® paeoniflorin ; acetonitrile :
solution = 15 : 85 (v/v)
(D schizandrin ; acetonitrile : water = 50 : 50 (v/v)
) UV Detector : 254 nm (cf,, 6-gingerol : 210 nm)
) Flow late : 1 m{/min
)
)

2% acetic acid aqueous
2% acetic acid aqueous

2% acetic acid aqueous

Sample injection : 10 g(cf., poncirin : 20 f)

6) Temperature : Room temperature
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3. Antibody®} medium
B 4glolAls  anti-CD3e  (clone:145-2C11), anti-CD28
(clone:37.51), anti-mouse IL-4 (BVD4-1D11), anti-mouse IL-12
(C17.8), FITC-conjugated anti-CD4 antibody, Recombinant Mouse
IL-4 (rIL-4), recombinant Mouse IL-12 (rIL-12), (BD Biosciences
Pharmingen, San Diego, US.A), Magnetic cell sorting CD4
(L3T4) microbeads, Mouse IL-4 Secretion Assay Detection Kit,
Mouse IFN-y Secrerion Assay Detection Kit (Miltenyi Biotec,
Bergisch Gladbach, Germany) S0] ARSEUCH
2 UgollA] MErekS A5lo] ARS¥E! mediar 10% defined
FBS (Hyclone, Logan, US.A), 1% penicillin/streptomycin
- (Invitrogen Life Techologies, Rorkville, U.S.A.) 10 mM HEPES,
11 mM sodium bicarbonate (JRH Biosciences, Lenexa, U.S.A)7}
ZgrF RPMI-1640 (Invitrogen Life Techologies)E AFZGISICT

4. B8 o Sl

HESH BALB/c niRA0] HIAE Hyte FAVIZ kst =
cell strainer (BD Biosciences Pharmingen)® Zriuiict 7431
# HlAAMZe HEF MAHE {6kd 5 mé PharM Lyse (BD
Biosciences Pharmingen)E @11 5587} HkSA17] & M7} B
Z|oIRAE tubed]l 5 mQ] mediag F7tct & 300xgollA] 1087 &
AEZFIL 45N E AAHGKICE &2 cell pellet2 1 m9) media
Z suspension g+ & trypan blueE @45lo] M E4E SHBINCE

5. CD4" T cell 22l

HIAQTRE 13107 cells/90u¢ =5 & 10 209] magnetic cell
sorting CD4 (L3T4) microbeads (Miltenyi Biotec)& H7151] 15
234 4TollA] HIS3IACE 300xgoll4] 10831 AXED] o = &
ZHg MABIL 5 mo] mediaz MAHSIACE 2 NZFTE
ol 1><108/ 50008 =57} HEE mediaZ® @1 resuspensiondh
@t Ls separation column .(Miltenyi Biotec)& varioMACS
separator (Miltenyi Biotec)ol] ZFx|¢F & 3 meQ] buffer (PBS with
2 mM EDTA and 0.5% BSA)E columng& E3JR17| 1 ME B3
HZ columnPtRE FUBIRCM Al E 2FHO] columng 5}
o WAL EE B 2 iQ) bufferE columng 38 7o WU
t}. Columng separatorollA] 2218 W F 5 m9] bufferg @il
plungerZ &4 CD4' T cell 221619

Al=
S

AL}

I

Mitogen O A1 WX %2 0l YuiFo] 4ESS 58
8171 260 CeliTiter 96® TM AQueous One Solution Cell
Proliferation Assay (Promega, Madison, US.A.)9] protocolZ 0]
8315 5.9 2SS 0|83l CD4™ T celle B2] & & 4x10°
cells/ MOl =5 100 % flat bottomed 96-well plateoi

6 WEE U

oM

A
(=]

RS T = B

seedingBIACE CD4' T cell7} seeding ¥ platec] 43 BEF 2%
22 0,1, 2 5 10, 20 pw/m BEE H7ISLL 10 g/ md
anti-CD3¢  (clone:145-2C11, BD Bioscience Pharmingen)7}
coating¥® plateo]Al 2 pug/mt  anti-CD28 (clone:37.51, BD
Bioscience Pharmingen)Z co-stimulationdtir}. 0419 =gtz
£ 48X]7}=Q 37T, 5% CO; incubator (Nuaire, Plymouth,
US.A)ollA] sh SIS

7. CD4" T cellE Thl/Th2 cellCE B3}

10 pg/mi anti-CD3e”} coating®! 12-well platesol] CD4+ T
cellZ 2x10° cells/ Q] BT 2 seeding & 2 pg/ml anti-CD28Z
co-stimulationd}%3Th. SCRTE 0, 1 pg/mlQ] EEollA] 47 &
0} 377, 5% CO; incubatorcA] viQESH & Thi cell plate= 50 U
rIL-2 (Sigma-Aldrich, St. Louis, US.A)S 10 ng/m¢ rIL-12, 10
g/l anti-IL-4 (BD Bioscience Pharmingen)&, Th2 cell plateo]
= 50 U rIL-29F 10 ng/ml rIl-4, 10 pg/mé anti-IL-12 (BD
Bioscience Pharmingen)E &7}511 3¢ Fof 128 splitahd
48217F & cellS PBSE AAHE & 10 pg/mb anti-CD3eQ} 2 ug/
mné anti-CD28% re-stimulationdt & 24A) 7HEQT HHQEA 216194

8. Secretion cytokine £

CD4' T cellS 7.9] 23} 2o 2318 & harvestsl?] Yot
o] wash buffer (PBS/0.5% BSA/2 mM EDTA) 2 mZ 300 xgoil
Al 587} YAIRE] 8 & wash buffer2 28 AMZFIQITE cold
medium@E 90 w/10%ll o] HEE XNIIFEES
resuspension G}il catch reagent (Miltenyi Biotec)E 20
/10%ell & H7islol 4TollA 587} incubationd}l warm
medium @ & cell 427} 1x107747}F FIE 3418 5 37T ollA] 40
E7} incubation E19iC} cold buffer 5 méx 300xgollA] 10:27F
A4 B2Ejglal MM & AENHEZ AASIL cold buffer 90 i
/10%ell T cell resuspensiondt¥{Tt. o 7|of
PE-conjugated Detection antibody, FITC-conjugated anti-CD4
antibodyE &7} gF & 4TolA] 1087} incubationd}il cold
wash buffer®2 281 A& g & FACScan (BD biosciences Becton
Dickinson, Franklin Lakes, US.A)CE 2415}

pelletg

9. Real-time RT-PCRE O|&%} cytokine 28 &5H
1) Total RNA isolation

A7) Aol 2o ZHOE CD4A' T cell§ Thl/Th2 cell
2 231l 5 cellg harvestshd PBSE AA 6L Trizol solution
(Invitrogen Life Technologies)& ©|&, MZEALS] protocoio} £
5l total RNAZ BI85

HEZRHRES pellet pestleS 01&31] A SIAC). 42
3l ool 500 Q) Trizol solutiong H7istiL 71

I

ot & ALolAl 587F uigAIZCh ol Xl CiA] 100 wQ)
chloroform& 71l 2 42 & A2oA 327} BhaAi7l o
A
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T A2olA BHSAIAZE THA] 4TollA] 12,000 xg= 1587 &

| SICt HEAG HAS & FHEZ 500 9] 75%
ethanol 2 A8 & 4°TolA 7500 xg2 527 YAIRE] 1Tt
dEAS MASH & JFEES HxEckd 50 @O diethyl
pyrocarbonate (DEPC, Calbiochem, San Diego, US.A) XE] &
F4oll RNAE =Q! T4E spectrophotometer (DU500, Beckman
Instruments Inc., Fullerton, US.A)E 0183} HZsIch
2) c(DNAY] 3+

cDNA9] 42 M-MLV Reverse Transcriptase (Invitrogen
Life Technologies)g 0183k A Z ALY protocolo] Fok 4A]
BHAEE 25 49l total RNAS) 1.1 4¢9] 10x DNase I Reaction
buffer, 1 9 1 Unit/g¢ DNase I (Invitrogen Life
Technologies)Z ¥ 710t & DEPC AP] £8LE Wol RIEW0)
11 w7} =A o & 42041 15871 sl LEHURSA 2
Z DNAE AM718IQrt Bt & 1 w9 digds mE 2eldld
FIL Zol DNAZ} HolleAl #018}7] #I5kd PCR ¥iE& Gl
k. 10 w09 vhgool 1 w9 05 ug/ i Oligo(dT)12-18 primer
(Invitrogen Life Technologies)E & 718t & 70°ColA] 158 EQt
HESA)Z] & 414:3] 8ol €o] RNAY] O]RAZE 05U
T} Br2Moj 4 9] 5x first sirand buffer, 1 42 10 mM each
dNTPs, 2 9] 0.1 M Dithiothreitol, 1 9] 200 U/t M-MLV
Reverse Transcriptase, 0.5 9] 40 U/ RNase inhibitor
(Invitrogen Life Technologies, USA), 55 ¢ DEPC A2| &85
& Aol FE BIE 20 B WS 37TAlA 60 231 v}
3l single strand ¢<DNAZE 93I3Ct ¥lgo] Byt Higue
72Ol 1527 WieFSlo] enzyme® BEHI3 SICh
3) (DNAY] real-time PCR ¥}

7}zt9] o] #dAl WdEe FFo] fdkd 8"
cDNAE real-time PCRE 4AIBI¥CE 1 109 ¢cDNAof 125 u
9] 2x SYBR Green PCR Master Mix (Applied Biosystems,
Warrington, UK.), ZtZ} 1.5 409] 5 uM sense, antisense primer
(Genotech co., Daejun, Korea), 85 9 EFFE Eol 25 7}
A g & GeneAmp® 5700 Sequence Detection System (PE
Biosystems, Warrington, U.K.)oll4] PCR&IIE}. PCR A 95
TollA] 1087t & & denaturationdt & 95T 15%, 60T 60X E
40 cycle ¥HE0I9CE GAPDH  (Glyceraldehyde-3-phosphate
dehydrogenase), [FN-y (Interferon-y), IL-4 (Interleukin4) $%
Zt9] primer sequencew Table 28} LT}

Table 2. Sequences of primer used for real-time RT-PCR

Gene Oligonucleotide seguence
CAPDH Rv 5- GGC ATG GAC TGT GGT CAT GA -3
FW 5- TTC ACC ACC ATG GAG AAG GC -8
L FW 5 ACA GGA GAA GGG ACG CCAT 8
RY 5- GAA GCC CTA CAG ACG AGC TCA -3
Ny Fw 5- TCA AGT GGC ATA GAT GTG GAA -3
Rv 5- TGG CTC TGC AGG ATT TTC ATG -3
Tbet Fw 5- GCC AGG GAA CCG CTT ATA TG -3
Rv 5- GAC GAT CAT CTG GGT CAC ATT -8
CATAS Fw 5 GAA GGC ATC CAG ACC CGA AAC 3
RV 5- ACC CAT GGC GGT GAC CAT GC 3

¢DNA¥ 2}2H1, 1/10, 1/100% serial dilutiondt & 2+ 5T
g 37I4 PCR sl BAUS ARBSKHcrE 72 2399
amplificationo] thresholdo] T&¢t Cycle number (Ct)E 7|1&£2
# standard curveE 1AM FEBIG L, T FEAR] WSiRE
GAPDHS 4azke 0|83} normalizationdlirt. PCR BH&

9 EB = 60-95C AlojofMo] 2TY signale ZFEH

dissociation curveZ ZHJ3I9iCH

A8 d

1L AZEEY 574

NEEE 4 THSREY
cinnamaldehyde, 6-gingerol, glycyrrhizic acid, homogentistic
acid, paeoniflorin, schizandrin & HPLC #4135l L& 3]|AEM
S WAIE A, R2gIO] 09963 014 e A0 AHS B
= AAEE UERIRIEL 7 NEEZ AR Al R2
Zt, I8 standard calibration curve:= X253

SH, NEERE o) 2EE e 279 dlok) & WAt

(paeoniflorin), 2U]A} (schizandrin), B} (homogentistic acid),

A ZEZQ1  a-asarone,

A4l (a-asarone), Z1Z} (6-gingerol), 7| X (cinnamaldehyde), &
(glycyrrhizic acid)oll thgh A EEE E4Z 3= Table 33} 20
o, NEEEE TdslL v 4 TSR HPLC
chromatogram& AJ2FSIFATE

Table 3. The guantitative analysis of standard materials of SCRT
(Sochungyong-tang) (mg/SCRT of ethanol extract 1 g)

StetTl NEEZ et (mg)

B85 % paeoniflorin 344241367 (344%)
AkF schizandrin 2.39£0.010 (0.24%)
48 homogentistic acid 17070318 (1.711%)
b a-asarone 0.1820029 (0.018%)
£ g-gingerol 21120251 (021%)
A cinnamaldehyde 1.84+0.438 (0.18%)
HE glycyrrhizic acid 15.30+0.283 (1.54%)

2. NERE 2EE0] 2218 CD4' T celld) ME0) mxE Fok

NGBS 2Z50) FH9] APC (antigen presenting cell)7}
QoI AFHOEZ CDA™ T cell =0 FFS X=X &01G
of Q5 CD4" T cellg BEIGH 7 /NEHEE FEE2S sEEE
TSkl 48A17+EQ uieFel Z 3} mitogeno] gl

L
-
CDA' T celle] BEE0) BES U]HA RS RIT & U
o

o

ox
=
2,
2

o= 1 pg/meollA] CDA' T celld) WZEE0) Z71AAC} (Fig. 1).

3. INFEEE £2&E20] Thl/Th2 cell skewed 2}8A] secretion
cytokine WIgIgko] mlX]= HEE

Naive CD4" T celloll /NS5 FEE 1 ug/mS F512
50 U rIL-2, 10 pg/mé anti-Il4, 10 gg/m anti-1IL-12, 10 ng/ml
rIl-12, 10 ng/mé rIL-4S ©183kH 7& S0t Thl celld} Th2 cell
& polarizationgt & Thl/Th2 cell Z1H0IA] EN|%)& secretion
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cytokine 2FS12HE flow cytometryE 201G A1, Thl cell skewed
ASo|A] IFN-yQ] W2 2.1% ZHA4A1230m, ESE Th2 cell
skewed AlElo)AlE IL-40) LEZFS 18.8% ZAAZICt (Fig. 2).

0,91
0.5 { ~a— non-activated
S — -~ gctivated
8F o7 } ______
g |7 T -
O < 0.6 i
5
T 0.5
3 .
044 ¥ ¥ .
0.3 T T T T T L
control 1 2 5 10 20
SCRT (ug/ml)

Fig. 1. Proliferation of CD4+ T cell in medium containing various
concentration of SCRT extract after 48 hrs incubation Sorted CD4” T
cell were treated with ant-CD3e/anti-CD28 antibodies to activate T cell, or not. Cell
profiferation was quantified by MTS assay. Eror bars indicate SEM.

A.

OE4 "
100 10

1

T r Y
100 10! 10 02
CD4 CD4

Fig. 2. Secretion cytokine expression of Th1 and Th2 cell

polarized from ThO Sorted CD4+ T cells were treated with rlL-12. riL-4 antibodies
to polarized CO4+ T cell for 7 days. Cells were stained with FITC-conjugated anti-iFN-
y, ant-lL-4 and  PE-conjugated ant-CDZ antibodies. AC. Cells were incubated in
medium witrout SCRT extract as control, BD: Cells were cubated i medium
containing 1 weg/ml SCRT extract,

4, INEEE ZZE0] Thi/Th2 cell skewed 2+&H0{A] IFN-y,
IL-4, T-bet, GATA-3 mRNA waizho] v|x|= ggt

INEEER FEES 2J8k 7Y & vl kS Thl/Th2 cell
oA} total RNAE E¢)5L1 cDNAE ¢H451¢] real-time PCR3}H
S A FAXL W #rkst A vt Zdr
1) GAPDH

2719l FHRE Siteited
internal controlZ4 A2 GAPDHS dissociation curve®} 7}
Z Bol SZ% sampled] Ct #g 71E2FE ZH standard
curve= Fig. 33} LT} Standard curve® ZrYoh=t] AMSE
data®] MEIARAMZAT R2= 09966F LIERIA] standard

curves &g AOE QIEHHAUCE

H}512HS  normalizationdl7]

A. Dissociation curve of GAPDH

10.0-
7.5-
P 5.0
254
-
00
2.5 v - r : .
80 85 70 75 80 85 a0 95
Temperature{ T}

B. Standard curve of GAPDH

40+
R? = 0.9966
Ct = -3.85*(con)+29.31
304
3
204
10 T u

° 1 2 3
Concentration of Template({iog)

Fig. 3. Dissociation and standard curve of GAPDH as internal
control A After PCR reaction, the signal of fluorescence at every temperature from 60
o 93Cwere detected to confim no non-specific PCR product and primer dimer. B
Serially difuted cONA (1, 1/10, 1/100) applied to PCR. The threshald cycle numbers (Gl
of each concentration were used to make standard curve.

2) IFN-y

IFN-y A Xk ths} real-time PCR Z 3} dissociation curve
9} standard curver Fig. 49 ZrT} Dissociation curves
nonspecific PCR productL} primer dimer®] 342 i%E A
HojFo] Y Ct 410 A¥3ARLZAT R2E= 099282 Lig
L} standard curvers &S AL E AHEIUCH

A. Dissociation curve of {FN-y

10.0
7.5

50

Rn

28

0.0

80 85 70 % 80 85 s0  s5
Temperaturel T}

B. Standard curve of IFN-y

40+
R% = 09928
Ct = .3,85"(con)+31.40
30
-
O
20+
10 T T —

o 1 2 3
Concentration of Template{iog)
Fig. 4. Dissociation and Standard curve of IFN-y
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Standard curve& 0|E5Kd A sample & IFN-y SH X9
HuiEe] 22 GAPDHO dd#rg o]8sle] LIEoEMN
normalization5}33T} (Fig. 5). Thl skewed 8olA INEHEE &
EEE 1 pg/ml FoOiGt T0] controld} IR 54% LAEIATE

125-‘

100+ {

Can acrT

Fig. 5. Expression level of IFN-y Each amounts of mRNA were normalized
with respective amount of GAPDH.
3) IL-4

IL-4 Ak thgl real-time PCR Z3} dissociation curve
@} standard curve= Fig. 63} Zr}. Dissociation curves
nonspecific PCR productL} primer dimer®] H4& QIUH RAE
BoFEn sk Ct 39 HE3AR4 41 R2e 0928 LiEt
L}A] standard curver & O FE AFEACE

A. Dissociation curve of iL.-4
1004
7.5

50

Rn

25

0.0

25 v ;
60 85 70 75 80 85 90 95

Temperature{ 1)

B. Standard curve of iL-4

40~
R? = 0.9992
Ct = .3.54"(con)+29.16
30
el
Q
20+
10 T ¥ T

0 1 2 3
Concentration of Template(log)
Fig. 6. Dissociation and Standard curve of IL-4

Standard curveE& O| &6l ¥ sample & IL-4 FHALS
HiAQl 22 GAPDHY g o183l UsoEH
normalizations}33T} (Fig. 7). Th2 skewed 8ol NHEEE &
EES 1 pg/ml TS T20] controly} H] W6l 22.8% ZHAEISCE

4) T-bet
T-bet FHAl thdh real-timee PCR Z1} dissociation

curve?} standard curver= Fig. 83} Tl Dissociation curvew

nonspecific PCR productL} primer dimer®] 842 QI AS
EoF sk Ct (19 H83ARMET R2E= 099465 LIE}
LA standard curve= HZAS ZALE QAIFHACH

1804

100 -

IL-UGAPDH {%}

con ACRT

Fig. 7. Expression level of [L-4 Each amounts of mRANA were normalized
with respective amount of GAPDH.

A. Dissociation curve of T-bet
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5) GATA-3

GATA-3 SAA thdh real-time PCR Z1 dissociation
curve®} standard curve= Fig. 10 I} Zr}. Dissociation curve=
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normalized with respective amount of GAPDH.
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