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Establishment and application of screening model for anti-asthmatic natural
active ingredients based on bitter taste receptors in lung tissue
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Abstract: Objective To construct high-throughput screening cell model targeting TAS2R14 receptor and lay the foundation for the search of
effective, novel natural anti-asthma drugs with low toxicity. Methods The pLVX-AcGFP1-N1-TAS2R14 lentivirus vector carrying green
fluorescent protein (GFP) was constructed. The lentiviral vector was transfected into HEK HEK293T cells, collected high titer lentiviral
concentration liquid and infected HEK293T cells, established cell model highly specific expressed TAS2R14 receptor gene. The TAS2R14
cell model was used to screen 120 kinds of Chinese herb extracts and chemical monomers. Results The calculated Z’ values of the cell model
were 0.69 and 0.66, and Citri Reticulatae Pericarpium extract and its efficacy material limonin, Ginkgo Semen extract and its efficacy material
rutin and quinine agitated TAS2R14 cell model. Conclusion The constructed TAS2R14 cell model is stable and sensitive for screening
anti-asthma drugs, and three kinds of Chinese materia medica monomers have the potential agonist the activity on TAS2R14 receptor.
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M2 P, Bk, SRR I R H R 25 v
I R Y RTRIFA AHRUE

UE4ESk, Deshpande 281 IRl fs A i A7 A
524K (bitter taste receptors, TAS2Rs), i 3%
W SR OIS TAS2Rs g MR AL 4T Tt <,
i, SHEAEPEIE RASCEY K, B
AT H AT E RS b (B v I 7 259, IF HS B-
IR R ARSI R AP EAEH . TAS2R14 2 fiti
TAS2Rs R IE R R, Hgw A A7 T
12 SYORMR, KA T AP P L4 .
TAS2R14 =2 AR IF1iE Ak o] 5 35040 W N 805 25 1R B 3
I, ARG T 0 16 B P B S SR T TS, 4
WAk, SIS A S 3k B, Rk, TAS2R14
CL R I VA7 (R A o ASHIF 9 SO 7 R S 1k v
KIKZ AR TAS2R14 (M40 i iy, T R TAS2R14
S BON () 25 B e o 0%, A BIER TR T WA
G0 P IV R T 9299 1140 R 2 A A
1 w8l
11 YHAE. EREBHEREREK

NIEH i bz 40 BEAS-2B 4 fiukk. AR
A HEK293T i bk, i ERl=RE b4 i
18955 154044 2 48 (Tronolab). KT H B kE DHSa,
ZE[H Invitrogen 23 .
1.2 EEHMSIRT

BHE 25325 Jé 2 (Jik*5 20150321 ) Frujidk A (Ht
5 20150112), Ry EEAMIAIR AR ik
EY: BN FE (RS 995%, #its
20141225), 7T (i34 99%, fit'5 20150224),
ZE (4 99.5%, #b'5 20150118), T
IRV TRAR A 252 ARSI =
PEHG; MTT, £ Sigma A F); RPMI 1640 555
G5 I (FBS), Hyclone 2y il (A,
Invitrogen 723 %); Axygen Fukifiidik &, &
Omega Bio-Tek ~wl; 5I¥& K, Ll TAY T
FEEBR AT BAPESEREIT, F s S AR R
PR, Trizol, Invitrogen 2A#]; FEKZ] DNA
PR A, TaKaRa Aw]; Hilahl, FEH A H;
T4 DNA % E:, NEB A% ; NucleoSpin RNA
Clean-up X7/ £5, MN /A 7] ; RT-PCR il £, TaKaRa
Awly HoAb e 5 i 2w .
1.3 g

LSM-710 Bt H R R A B e (MEE
CarlZeiss /27 ); C0O170S-230-1000 %! CO, #5746

(Z£[H New Brunswick Scientific 2] ); Realplex.2s
SEI ¢ E R PCR (RT-PCR) X (Z£[H Eppendorf
A w]); BMI 3000 O E IR S8 (Leica 7)),
2 ik
2.1 RiX TAS2R14 ER 18RS HIKRIME

FERG IR FE 2 DNA $REGR 7 &5 1 B 15 3
BEAS-2B 4llig5E K141 DNA, Hl PCR g 47551
TAS2R14 ZEH I FFH] (JPH%5 NM_181745), il
5191, E¥E514 ok 5-CACTGGTGAACTGTATT-
GACTGG-3’, Nii5¥h 5°-GAGATTGCCAAAG-
CAGTGAGGATGTGACCTGAG-3’. Ji iUl R 4¢
VU R R SE, 418N pRsv-REV. pMDIg-pRRE.
pMD2G. Transfer Vector, H:H Transfer Vector &5
RERIR RO DO (GFP) A B BREMEN Y
fily Sal I, Sac Il XUBGU] 5995 75 B4R TAS2R14 J: A
FBG LA R R b, DNA BRI G
76 T4 DNA JEEZEG 1 /E T F 3047 12 99 2 24k 1
TAS2R14 BRI N, [ AR 500 10 X T4 DNA
EFENG 1.0 pL, MR EEEAAF TAS2R14 JE[A DNA
FBE% 1.0 L, hnddH,0 % 10 uL, BAERFNREAS G
RV 12 he HOEH = P)Ak DHSo B2 AR, Bk
a4, RT-PCR JATHERHPE b o 7™ 4 1
Axygen ORI & UL AR AR, 14R
ST E MR R A W 2 I 4 e A ) o
22 EREGESHE

HEK293T 40 i b+ 12 fLACH, BeMhas)Eh
1X10*mL, T 37°C. 5% CO, i Fiffih #5721 1%
40 a5 B IR B 80% Ae AT KSR FE A CaCly
gyl ey RN 10 pg/mL SREENZ LI
TRIECR . 24 h Ja EHON SRR, SOLEIE B
TBE PSS, IR EMRIS R4, HA
PR B v PR H T o o
2.3 BEMEMMNEBAXLBENE

R E WA SRR g HEK293T 4iljid
GFP #ik15, 7F Fluo Star Optima 9¢J64X & 9¢
IR, B BRI K 538 nm, WlE X IRl (5
PR AR (IR EEe 4 4O,
THEADN 2GR AL, R MO GH R ER fE B
I pLVX-ACGFP1- N1-TAS2R14 H4H A4k ik & .

% 1638 B = AR 201 5% 1 5 B B L 5 i 3
2.4 RT-PCR #i] TAS2R14 mRNA FKix

SRR G e i) FIRTRIZ (189 d )
A WL 1X 10%mL 20+ 6 FUBCH, ARk
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F| 90% A5 A7 I AFFL AN 1mL Trizol 2 HURE 7Y 28 Fxct
I ZH 40 i 5. RNA, NucleoSpin RNA Clean-up &5
#4liik RNA, FIH TaKaRa 2 7] RT-PCR X #l &0
40 RNA W8 5% % cDNA #E4T RT-PCR. 5| #1)%
H: N TAS2R14 Liii 5|44 5-CACTGGTGAA-
CTGTATTGACTGG-3', T iiu|¥h 5’ -GAGATTG-
CCAAAGCAGTGAGGAT-3'. A 18 S L5k
5’-GACTCAACACGGGAAACCTCAC-3’, Fili51¥)
h 5°-CCAGACAAATCGCTCCACCAAC-3’.

RT-PCR Jx WS4 & : 95 ‘C. 1min; 95 C.
30s; 60 ‘C. 30s; 72 °C. 30s; 95 ‘C. 10s; 65 C.
40s; 40 C. 60s. LAAN 18 S HNZ, Kl H FEA
XN SIER AR, 27 R RRBIT 4 H (1
SERAHX T BRI R IA R . ) LSRG SRR A3 1Y) cDNA
RHIAT PCR 474, HX 10 uL PCR 38~ T
2% IR FRIK AT, SRAMIES M.
25 REUFRMIZEMEER

LM TAS2R14 =2 R332 e 2 Fupn
WE DRSSO TR A i, A Ry BH 0 AL, B ) i
SN S5 PR AR o SR A O R A P s B R B A
NIV 22 2 WAPS e 2 RN =g fiibvd Ry yred
PE, AR

2'=1—3 (SDpeg+ SDpos)/[Mpos— Mpgg|

Mpos BEEE L FK ST 5350 SAET s Mg A0 BIAEE 0 1 ) S 20
HeA, SDieg 1 MRS FFRIBTUER 22, SDpos B MRS B FI KT 1E
fhi 2

M 2'<0.5 I, a1 il R R,
EFFEM 5 Wk 27>0.5 WRRTHEAR R
A RAFMRRE M, AT T Sl ik .
26 ESBREMEFEML

WS BRI YL 1) HEK293T 4l s A% L, 1 10°*
WERRNT 96 AL, 137 C. 5% CO, Bi 4
Rig 4. 8. 12, 24, 36 h, Ko eamps, i
ARG IR 1] o K 2053 ) LAAS [R]85 B (A34L 5X 10,
1x10% 1.5x10% 2.0x10% 25%10* 3.0x10*4)
BRhT 96 FLH, T 37 C. 5% CO, HiFaffirhhsss
240 JEREIN D CORIE, A S A R
2.7 #|F TAS2R14 A& R ik s

36 FH OO B3 HS B (10 D #53 2 e (1) HEK293T
i, FEEENEILIS, A 10% FBS (1) RPMI 1640 1%
FEHERLR 1X 10%mL (40 B, BT 96 FLES 7%
B, BEFLEERN 100 pL, 37 “C. 5% CO, KA
FERR. BIRAIMA PBS, L2 e £ kR 4E

S BHPENTIE, £F Fluo Star Optima 2264 & 56
SRIE, BOEMAOGHK N 538 nm, 24 h 5 IE 4
(PG « WK 4 SZALSEE:, Lk 120 />
ZRE i S ARG, BE R FLTE G B T
AL 50%LA b, TUTA K ERE S A IR B A S
BYIRERE (0. 3. 10, 30. 90 pumol/L) HH{T
S0, T UCEA IR FE I 25 A T A RN . &
i 2 IA) S BH A o b BHERE i, RSO AR T
GG 2R R A B i B IR R 52

KA MTT 0 A2 075 BH P AE oo 8 25
(1) HEK293T 4t M s ym E It s,  BAAERAEDIR:
PP HCE KRG B4R, Bl 1X10Y/mL (R4 i
WG T 96 FLEEFRIR, AL 100 uL, # CO;,
BRI . M THNIRE ), Xt
TN SRR IS RPMI 1640 15 7E35),
37 C. 5% CO,#57%36 h. % L, FFSLINA
20 pL FrEERC IR & 0.2 mg/mL MTT B LI 595
HE, 37 CHREERIFE 4 he /O LWL R
150 uL DMSO, HAYE ARG aRA G, bR
Kl 570 nm AWOERE (A i, S H Kk 450 nm.
28 HitESH

ZERLIX +s KR, KM SPSS 19.0 - T4:
TEE o T, 4R FEBCR F R 25 7 2243 B (one-way
ANOVA).
3 #£R
31 WA EERERIEEN

BROe Kl 538 nm, 18 EFE Y pLVX-
ACGFP1-N1-TAS2R14 T AA)G, AL L%
LR, AX9OtnmE W s, 25 1. 15
Bt BIE NS GFP [k L, B2 Rk
GFP [¥] HEK293T 41 a2 o 41 i 5 211 90% 74+,
UEBA MR BE A ey, S5 R 20 WOGHRIILER
FE B IAER I pLVX-AcGFP1-N1-TAS2R14 H 4 #
ERIBALE, PG ERIE T MBS AT, 45
RO 3.
32 1EEFRMARE T

53 8 USSR 20 R 6E 20 HEK293T 48 i ik
RNA, £ #E55%15%] cDNA, PCR $ BA3RAH1) H (1)L
R B 22 et i i vk 23 85 5 RS Sk Skl 5
TAS2R14 KR v BB AT 401 BT S A, &5
HIE 4, RT-PCR 45K 7R, AU S5 LU,
TAS2R14 mRNA Fik/K-¥Ftm 2.3 5, ZEmis, &
B TAS2R14 4l i A R kbt sy, &5 LA 5.
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Fig. 1 Relative fluorescence intensity before and after
transfection of pLVX-AcGFP1-N1-TAS2R14 recombinant
vector (X £s,n=5)

R

2 1BmEREE HEK293T 4RB GFP RiA1ER
Fig. 2 GFP expression in lentivirus infected HEK293T cells

3 ML EBRENN HEK293T 48 GFP RiA(IE
Fig. 3 Position of GFP expression in HEK293T cells
detected by laser confocal microscope

73 55 JE 22 Ak R TAS2R14 K
A, 24 h ek EREE, A9 sREE L FH L
2 BB K, 8 umol/L M ZF Je 2 15 3 4%
Honlik3) 4.9 £5, 8 umol/L ik 7 S A5 50n iA

4r A #
= #it
%x( #t
%2 #
BE|
“im @ N

0

A 1 2 4 8

Wik R/ (umol-L Y

T

Marker — X{HE AR
4 TAS2R14 F=4I)5RES FB K B
Fig. 4 Electrophoretogram of TAS2R14 product
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5 (&R ENEE4E TAS2R14 mRNA X RiLER
(X Es,n=3)

Fig. 5 mRNA expression of TAS2R14 in control group and
model group (X &s,n=23)
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SREE, THEASRIN Z'KF43 0000k 0.69 A 0.66, 1K
105, BIAERENERL, 55 sl R g k.
33 EEBEFERHMK

WShF 5 52 AR AE G 77 AL 1 98 et 5 B sh 7
LI R2 R FIHRARDS, WA IRy 18~24 h i,
POCEMA IRk s, I, JE4kmilE
T I B IR 24 ho 20 H0ERP R H SRR S, A
TEYM, A A0 S N, S EnmBERE N,
JECAL B, 40 Rl P g AEAL 2 X 0% AN, ¢
S AR IR A =R, & ToiE. 45 R ILE 7,

6 B #t
4 iz
#t
2 1 I I | | \
0
i) 1 2 4 8

Hi35 8 £ /(umol-L ™)

SRR L P<0.05 #P<0.01, B9
*P<0.05 *P <0.01vs model group, Fig. 9 is same
6 WNHEE (A) FNZFEE (B) 3 TAS2R14 HEAMATHER (X £s,n=4)
Fig. 6 Agonistic actions of caffeine (A) and diphenidol (B) on TAS2R14 cell model (X s, n=4)
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0293T-TAS2R14- £

A 200 0293T-TAS2R14- 4% B
[ 0293T-TAS2R14-AcGFPY, , aa 300 m293T-TAS2R14-ACGFPL “
1 160 250
= 2 200t
55 120p Ei_’ij
i I S 150t
= 80f K
= L & 1001
© o =
L 50 f
0 0 3 7 7 7 v
4 8 12 24 36 50x10° 1.0X10° 1.5x10° 2.0x10 25><10
t/h 90 B FEI(-mL Y

SRR **P<0.01
44P < 0.01 vs basic value
7 WEEESERILBXRRL (A) FEMZEESERIEXRERLKL B) (X £s,n=4)
Fig. 7 Relationship between cultivating time and signal-to-noise ratio (A) and inculation density and signal-to-noise ratio (B)
(X£s,n=4)

3.4 TAS2R14 HRaEE 254 it Y 2 AR 16 ST

FHH 47 1K) TAS2R14 31 75 BE R R GE ) 120 Fli % e *ﬂ%ﬁf . ET
DRGSR HEAT I, 25 e b Al R 5 RS AR = 12 T et Py
PERE S, ORI R R 0 BRRE  BEER AX) E LoP, N B e

0.8
A AH B i 7 A4 25 0 20 40 60 80 100 120

TA§2R14étHE@4;B< RIS ER, X560 A

Eijju 50%U\J:, /EI%JI_LIA@ 8 ﬁﬂlﬁ 3 %EFE‘%EP 5 - by = 1 fobe + —

S 0 L A T - El8 EMRPAMMLIHFEER (n=5)

S . f \/J ,q% AR, £ Fig. 8 Results of primary screening of bitter herbs (n =5)

BURBLATT | 2T RRRRGE 3R AR N 5 .

Jedeik, BEAEFTT BT RS RN A 30 ek B

aZs wOH

by
Y B I] R 4E K, 5 TAS2R 14 70 41 i 6 5 2 3 B 20 i
B0, 5 S R R B TR A AR N, A R LI 9. = 10 -

LR LU, ¢ T AR RS (10 pmol/L) 17 TS 0 , ,
455 BB 2 JIEDR] 24 h IS, TAS2R14 54 e e
MRS DA, LRI 100 MTT S0 mo mT, soigissk. 255 TASZRI4 ERIERETHE)
WEIRER, HHRET, T EER ET BB (X£sn=4)

X HEK293T 4i k45 Jc Wl e sem, PRI HERR 140 Fig. 9 Agonistic actions of rutin, limonin, and quinine on

PR FERT DR BE I RE M, &5 R LK 1. TAS2R14 cell model (X +s,n=4)

Frigdi Zy W R

E 10 AT. #EFEER. 7. MEEX TAS2R14 ZHREE &5 Fik 200
Fig. 10 Agonistic actions of rutin, limonin, quinine, and caffeine on fluorescence expression of TAS2R14 cell model
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T1 AT, ITEEER. &7 HEK293T 4HAE5EAY M

Table 1  Effects of rutin,
proliferation of HEK293T cells

limonin, and quinine on

HRAWERSTEmAE N . H o s AW <
PER IR IR AR 2 24T LT s, HIA
FCom 20K A R LR mIVE I, XE LU v 1 i
RIS PIBEN IR o AS ST HH ORI 38 7 T
BT R, XA SCRE T WL R Dt L,
HXSSREAAE € ORI T, D0 e i 2y

21 FilE (wmol-L %) AfH FHIZR 1%

T 0 0.948+0.056 —
3 0.905+0.069 45

10 0.984+0.079 -3.8

30 0.904+0.087 46

90 0.915+0.084 3.4

Frigvs 2 0 0.898+0.062 —
3 0.903+0.074 -0.5

10 0.868+0.056 33

30 0.919+0.082 -2.3

90 0.857+0.085 45

25y 0 1.0154-0.047 —
3 0.985+0.076 2.9

10 0.962+0.103 5.9

30 0.976+0.025 3.8

90 0.952+0.054 6.2
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