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Abstract: In order to investigate RAR agonistic activity in aqueous environment, water samples were collected from Qing
River, Beijing in each month from March to July, 2009. Water samples were extracted by solid-phase extract cartridges
and their RAR agonistic activities were tested by RARo yeast two-hybrid bioassay. A further identification of
environmental retinoids was carried out using high-performance liquid chromatography. Samples from some locations
both upstream and downstream of the sewage treatment plant exhibited unexpectedly high RAR a agonistic activities, and
the variation of agonistic activity was random. Identification of causal chemicals suggested that all-trans-4-oxo-RA and
13-cis-4-0x0-RA contributed a small part to the RAR o agonistic activity, and there are still unknown RARa agonists in

Qing River.
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1 HE5ERE

1.1 MRS5S

2R AL A B(99%, St Louis, USA); — Fi %
FH(DMSO,GC L EH/EFHHRAA);
BEF 4-FECE-FD-HEHERT(ONPG

o-Nitrophenyl-f-D-Galactopyranoside, & 4L T);

Y5 %88 Zymolyase 20T(Seiagaku Corporation);SD

BFE(ERT tryptophan, i EEMRAWH
sigma /> ); Yeast Nitrogen Base (#J H SIGMA);
Bio-RAD 550 E§#7{X(Thermo Electron Corpor-
ation), Nunc 96 FLE§H74K;Jouan MR 18 22 ¥ 5 &
LHLEE Sigma A )); R EEFRH;HPLC FH
HEE,Z 8 L, IE C4E(Fisher Chemical Co.
USA), T ik i (8 B bt AL 5l  2
7]);Millipore #8417k {X;0ASIS HLB(500mg 6cc)
EAZEUMEW EXE waters A 7)), B4
JERE(Whatman 23 &]);KL512 ZEKAGLRH-150
A EFA(EE—EREERARD).
1.2 HRARENRCE

FEFEITS /KAL) L R AER T 114
FHE (N IR TS5 B/AVERE 1D,HA 6
SR BN AKARE) MlKO.

B AeET R R

Fig.1 Distribution of sampling sites in Qing River, Beijing
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-20°C UKF R A7
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fis. B REIEAT VR AR, YRR 9 4 B iC/E HEXEA,
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T, 3R J5 Fl DMSO € & F 400pL, K FERIIR 48 5 50
2k 5000 1.
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Saccharomyces cervisiae Y190, H A& KR K%
242 Bt Nishikawa 18 108 Bk LEF AL
RARe F BRIFA AL BUEEF pGAAD424-
TIF2 F13UME RIS ZE . B AR 4 3 SUHR[13]
B M7 iREAT.
1.4 HMK HPLC 7#|
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PR, —3E 25 MR RSB S % UK
[BIAREERSNESR TRE LB EGT. B5H

UPLC-MS/MS 4347

8 T 2R £ i~ XURR S S — 25 2
HPLC S8 EErREEHN 1584+
all-trans—4-o0x0-RA Fll 13—cis—4-oxo-RA HIHEEK
¥ 4} B K: A Waters ] ACQUITYUPLC BEH Cl18
FE(2.1mmx 100mm,BiA2 1.7um). 3 BB kLI
KRR 30°C, N 0.2mL/min FENHH A 4 0.1%
FRKE, MBI B A28, 25 B 60%, 5
P74t 315>137(Collision Energy 24eV),:EtEE
F X 315>241 (Collision Energy 15eV),315>159
(Collision Energy 15eV), 315>121 (Collision Energy
30eV), ESI IE&F(ESHER T

1.5

. o 2 HRE5E
DMSO EAF] 100uL, 585 Fil R AT 7 R 3
MBI 2.1 &7 RARa ¥5 M HI RS 224L
$ 2 (a) 2009-03-31 R
ﬁ DOEA
E 10 FL ®MeOH
) i L e
o % s =
i % o 2 T 5 6 7 8 9 10 1
S 20 (b) 2009-05-09 BHex
% DEA
5 10| " MeOH
i
=
< _10 L 1 L 1 1 1 L
1 2 3 4 5 6 7 8 9 10 T
o (c) 2009-06-25 BHex

ATRA 5 KW (%)
o o

|
—

OEA
|f‘ " MeOH |

1 2 3 4 5

3]
(=]

(d) 2009-07-16

—
(=]

&
o=

ATRA 5 KM N (%)

|
ot

KR

B2 ¥ RARa iEHRALR
Fig.2 RARa agonistic activity of water samples from 11 sights in Qing River
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B R A E IR AR L all-transRA
YE R BHIEST B 30 HE S gL A R E R
HERK all-transRA F KW NAE KT 2 LR
origin JELRMH-E MIRAEMEZ TN all-rrans—
RA 4B ATRA-EQy0, L AR 45 5 1 &
2 fi.

EH P 2 AT WL KA 30 ) B SR L HEX (3
R ESHEA HRA B EE, EEEEN A
PIHILE EACT#R )B4, XS Zhen %Pl 4E
EAES3 A31 HREMNERT,1 54 S
KRBT REMN RAR AHXHETE, 5 5EF
18.2%%1 18.1%, ATRA-EQy, 7514 2.53,1.96ng/L;
5 A9 HREMBEST,11 5K S K RAR A
iEHIA B T 20.6%,ATRA-EQy;, 4 3.86ng/L;6 A
25 HEIREE A .6 SH1 11 SRR SRS
SHEFT 12.0%F1 16.6%, ATRA-EQy;, 224!
A 1.76,3.02ng/L{BRTE 7 A 16 HXEMES
$ RAR X iEHE SRR RGN 3 580
RAR X iE 4 7.1%, ATRA-EQui, 4 0.93ng/L,
B K T H AR R B X AT RE S 7 A EdbniE
GRKFBECYREEHRRAEXLET
MeOH 184}, 75040 A sl 2 7 RAR 1R 1
K BEMELELE 6 H 25 I 3 SFF 5 RAR
FEXHEHEUA 3.4%, 7 % T R4 EA Mo Eh
MEEE N 3~7 BIESRE P EA BOBER
EHRKEEAAREL 5. 4 5. 6 5/ 11
S RAE MR E K KA (65 M)k
TR~ S)ESETHAR, B8N
CREX-REHEHERBRENHRSE RAEEH
il Inoue 2 2nt H 4 4 LTI K o RARoIE HE
SREEREAT TR, RITE T S AT BT K
AEER T B X — AN SRR R AR S
RARoE FiE MY A2 5K b8 HE,
TR 8RB R M 5 Fe R S M HERC R 11 5
75 H9HF 6 A 25 HREE ES 2 I HBL
B e, T i ER W vE P R R R 9 AR
X RSB BRI 5 KR IR T,
K BUR & RS0, 8% M RARAIEME&E
HI R SE R RRRAR K BEFEHR—P
.

2.2 FERYIRENT

T RARo iEHERESERER3 H31H1
T ASHANS HOB 11| S REAIHITE
PERHE. A T AT TR R R Y%, A HPLC % EA
TS B FI S MBS T BB S
X RAB AT T IEEIRR, 4 R 3 P

B 3 AT 0,3 AN REE A 157185 S
ST 2009 4E 3 A 31 A 4 SRR 147
43,2009 4E 5 B 9 H 11 SXFEAN 1350 147
WoBHARENEE, FHENKERS
Gardiner "3 {5 B K AL T PB4
M55 A — BB Zhen Z GBS, 15M8 9
T[] all-trans—4—oxo-RA F 13—cis—4-oxo-RA &
BRI R TMI RS F RAR SEHE X EERY
JRABFR, 180 RIET KB EE RAR &
WS BARM SIS BN FEERFX
BEA 13780 14718 20t BB R0 05 4, E A Y
KT 15MB SN LA TS YR R, LUAE
FROCIERIGKEE HAKEEDREST
15" 18 5 (BB K 55 KA BT K i
WA ER KT 138 14D RRAERE
I RPE RAR FEHEYFOEAA7E K S, X v
B -5 e B S A ) SRS N R R TR B
FRHA—THRRE.

ATHRE 15" RAR EHE B R R %
3A3IH1IS. 45REAMSAIH I BXR
FERR 15MEAHE1T T LC-ESI-MS-MS 4347, 3
FbrtE all-trans-4-oxo—RA F 13-cis—4— oxo—
RA {R BB I AT T %f bb, 25 RAIESE T 31X 2 Fi
FIFE1E all-rans—4-oxo-RA 1 13-cis—4— oxo-
RA 7£ 2009 £ 3 A 11 H 1 SREE AP HLER
WU FE 5374 0.48,0.28ng/L, 3 A 11 B 4 5 F%H
RIS R 0.58,029ng/L,5s HOH 11 5
SRR AR IWREE A Bh 1.1,13ng/L 3848 1Y,
all-trans—4-oxo~RA f 13-cis-4-oxo-RA X+
all-trans RA HISEUERETHIN 3.87 F 046,
i % R B e B AT DA 1B B A Y W N
ATRA-EQ.,. 13 1 [40,3 N RAE S 151840
AR ITE TR S TR B RN all-trans-
4-0x0~RA H113-cis—4-oxo-RA B 5 TSR
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BERALET S A9 B 11 SHAREYEEREE  FYHR, houe S5 B A KKK MATEF RAR
3|7 8.75ng/L. XM 15"/ i all-trans— 4-oxo-RA  TEHE KBTI IAE SRS R IRE KB K5
1 13-cis-4-oxo-RA HEEMBERSTH—H2E Fi RAR YR A — DA,
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B3 200943 A31 H1%5.45KHEARM20094 5 A 9H 11 5REEAKEN F2 154 HPLC 4851 RARe
EHNRER
Fig.3 RARa agonistic activity profiles produced from F2 fractions of three samples(Site 1 on March 3 1%, 2009,Site 4 on
March 31%, 2009, Site 11 on May 9%, 2009) using a bioassay-directed HPLC fractionation method

F11SMESRLEFHIERREE LR
Table 1 Comparision of Chemical-Derived all-trans-RA Equivalents (ATRA-EQcal) and the corresponding ATRA-EQy;,
values derived from bioassay

Ba WE (ng/L) L YiEY
all-trans-4-oxo-RA 13-cis-4-oxo-RA ATRA-EQ., ATRA-EQu, (ng/L)
3H3HSHA 0.48 0.28 1.99 333
3H31H4 S8R 0.58 , 029 2.38 6.77
SH9H 1 BH#A 1.10 1.32 4.86 8.75
3 &iF IR R B A 25T all-trans—RA F 4 BEEN

) ATRA-EQy;, B = Al 1A 3.86ng/L. 557k kb3
MG AKAET BT 11 RSN T HKARR, B EKE EA 1844 HPLC 4
RARa EHAES RER, BHRE RARe 1EH 215,54 1550, 1370 148 90 th 88 % SR RARa
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RARa JEHE M TTERY I, P H KEREEN
YR R AT
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