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Abstract: The allergenic pollen protein Pla a3 in Shanghai atmospheric particulate matter
was selected as the research aim. Pla a3 protein from platanus pollen was expressed by
biological engineering. Then rats were immunized and special antibody were prepared from
the rat serum. The distribution of Pla a3 protein in Shanghai atmospheric particulate
matter was maeasured and analyzed by making use of the enzyme linked immunosorbent
assay (ELISA). Research results showed that total protein content in particulate matter
was the highest in the particles with size diameter less than 1.1 pm. Its mass concentration

is 2.5~3.0 Mg/m?’. The Pla a3 protein in particulate matters was found mainly in particles
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with size diameter larger than 7.0 um, with average mass level was 7.5 pg/m®. Mass level of
Pla a3 protein with size diameter less than 1.1 pm was the least. Based on the research data
collected, the connection between allergenic protein and toxic composition in the ambient
particles will be further explored.

Key words: atmospheric particulate matter; allergenic protein Pla a3; enzyme linked

immunosorbent assay (ELISA); size distribution

ARk, BEAE ST S AL T AR R S AR A AP 2R (0 19 22, NRErh Ak i O st 12 A A B 4
. AERIRE AR AT, OO BRI ) L A5 P, ARk R L N ) RO R 4
4 0.5%~1.0%, 5 i K 05 H X Rk 5% WF 90 0, JRb A 15 2 2 1 ok ek 5 8 R 1 i
(=R R LEAMIR VR TR, FER P 358 0 41 ks ) (subpollen particles, SPPs) 2 #f
BEOE KB, KIARTFAEIREE b, 5 PMa 5 03855, X AT R~ AR s ma. WOk BoR, &4
A BRI DIAE K & B T2 BB, B0 1 2 Pla al, Pla a2 f1 Pla a3, i
Pla a3 J& T-A-45E 5 Pk (B 28 (1 g DU A 2 (1 570 1 o S i S Wb, B AR AR L T 0 A
[z, BACK C& Rk BilghifZE B SRR SO AR TR R R b S
ARIEF A Pla a3 HWFFUR G, FIH A LR T-BERIE Pla a3 #1, JFAE NS0 9 R
B, BRI — SR R T AA, A B IR S % W B 52 7% (enzyme linked immunosorbent assay,
ELISA), il 73 8 b3 i K UB0RY) h Pla a3 8 A B A RRIE. X —WF 0 TAEA ] LA 4
Ji k0 £ BT S BE DR TR AR 7 AR AR I i B BEA, 4 v a9 Wi s )2 VR K, 3B T
PLA E i B S AR ) (1) PR BRI B SR T 2 2% 4R

1 #R57E

1.1 KRSHRIFE

AR TAERSE T Ll 2017 SEAR TR RASBOR Al H A S8 | /A 7] SIBATA 4% K i &
KAL), RAEHT, B A e AR 5 3R (450 °C) ks ke 4 h, 7EIEREERAR DL
25 °C U LA 50% W JE 45 AH R 24 by, H i1 RAFHERAFR TR, AR5 s i se d e e g, e
T —4 °CIUKFT AR 0L REE S AE B R A X B 1), REER N 1.5 m, &FUCREE
JAEACA 48 h. SRAERS BER AP RO AR I 2 S 30 ) 25 AR 3 SRR B b ok A e g b, T
YEiE R 566 L/min, HHIVIEIRIFES 54 >7.0, 3.3~7.0, 2.0~3.3, 1.1~2.0, <1.1 um. KFf
i, DRI AR E AR R, T ENE 24 h SRR, AR5 % AT —20 °C VKA A 7R
RAE, AR A llia.
1.2 HixEl&E

oo R ARTE R AR N JF BT [ Pla a3 4 84)7 41 (coding sequence, CDS), #4%E 2] 5% KI5
Ak Pet-32a I AL R A B Rosetta BAK, 75 28 °C 4544 T 48 5 N JE-B-D-fi A bk g = FL b
1F (isopropyl B-D-thiogalactoside, IPTG) 5 53R IA & A, JFdHT2itk. FIHAML)5 1 Pla a3 &
g i SD ORI, ARG B R ARk R BURIR A Pla a3 HLALH N K T Z5 Ak
H12) 5 g RIS SR X 3 b B S POk IR e vk S it AT S . e g5 R
7N, ATAERIG THE e A =2 i IgE HuAk, vl H - J5 Skl 43 #r b g ROk 4 v g
ALK B 1 Pla a3 (40 A RS AIE.
1.3 REANE

A TAERH BCA 81 IR B e R & (Mo 2, Byl S AE R AT B A =], v ) e
KA 1R IR IR B sk B 232 (bicinchoninic acid, BCA) & H FT N A beis ™
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T2 W TR S 5 i, FE T AR MR BN, BRAEBRIE 46 1F B TR Cu?~ I8 JEUak Cu—, 77
R R B AW, 75562 nm KA OG22 NP HE IR B GE b LA
PP RATE.

AL PAREE: /8 SRAEFRIA I BENR, H 6 mL R £h 2% (phosphate buffered
solution, PBS)#Z#86 h; ¥ i £ ¥ M #£ 4 °C, 5 000 r/min & £ F 250320 min, R J5 &
0.45 wm i g% i yE 8 7 B K 4840 (Eppendorf AG, i [H) ¥ 45983 1] 2 mL, —20°C {4
174 .

B2 WA MR % H0.1 mL FRfE s FAE DAL S oI SN, BRI 2.0 mL
BCA T1EW, ¥4, 37 °CH¥ A 30 min.

W3 AHRER, e EHFTAI. B R 562 nm, 7 10 min X TA
BESLEEEL
1.4 ELISA

ELISA JEFaR PR 5 PR MRE R RO, R RF A S+, AR5 1 5 i A Bt
RN, FHTHUR S PR SE ARGU . B P R T.

PR TAREL: B 1/8 RAEFKA) IIENL, H 6 mL ¥ PBS 2RI 6 h; K T 3
fE4°C, 5000 r/min 251 R 20 20 min, 2R 548 0.45 wm L9888 B85 T PO IR G 0Kk 46
JEW ) 2 mL, —20 °CAR-AE#% .

IR 2 WA H96 ALK, BEAS BN AL I 100 L Ay AR S 9 45 W (F R 3 AN L),
4 °CHEYEIEE 16 h, LA AL BOR A 25 AL 05 8 45 0105 F PBST YR (N 0.5%
Tween-20 [f] PBS %K) #1k 3 I, &KX 5 min.

R3S B LN 5% DI IR, T T 37 °C R E 1.5 h SR, YRR &R
12,

A4 WE P 100 pLoK R (1:50), 37 CCHMEYEHEE 1.5 h JEUE, Yok 4k
IR 2.

LS WFERERE P N 100 L A EERRC 4 TgE 4T (1:10 000), 37 °C BOCHE
1 h JEUesk, PessctEmb R 2.

ARG IR S AW N TMB A 2 (A3 200 pL, 37 °C #5720 min.

BT BN 12 mol /L HoSOy 50 uL £ 15 SN T BEARASCR I OD 450 WA, 3
T B X R oA 1 e 38 S A A ot v A I i R 1 PR T AR

2 #HR5WE

2.1 LEEFXRSFRYREZEDS T

M LA DU, 2017 45 35 2 SRR ), B4R >7 wom (8 K ASBURE ) 1) 5 B R 3 24 60~
65 ng/m?, 7 3.3~7.0, 2.0~3.3, 1.1~2.0 pm [¥] 3 ANKLAR B 1) K BURLAY) (1) 5 1 R B A8 b 20
Fite <1.1 wm O BURLA) (0 T B IR BE b 35~55 ug/m®. 5 FiE i BRI AR ) A 123 /U
i HRAH L (http: //www.sepb.gov.cn/fa/cms/xxgk//AC46 / AC4602000/2017/05/96124.htm),
PMo 5 19 50 52 9 8 K A — 30, P2 R BURL (198 B A B B8 Ak, G mh A R i i R 0k
Wi B A e . I RTRE R TR AR R BE O M R FE, 2 B T R A IR IR, 7E >7.0,
3.3~7.0, 2.0~3.3 um 1X 3 MR B P RO 5 e v B e DY H #05 Fr Tt r, (H A 1.1~2.0,
<1.1 pm /NREARBE P IR RSURE A Jo R B A T . X PR R T DY A — IR R R A, 7
BT AR 1 1 T (A ] N I AR A 1 R L RS ), X AR
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Fig.1 Mass concentrations of atmospheric particulate matter in the spring of Shanghai, 2017

2.2 XEFHYPEEBRINESS

M 2l BUE Y, fERAR R /N (<11 pm) RUBDREY) S ER E P 3 R IR O 2.5~
3.0 pg/m?, HAEHEASRAE WIS HE AR SR IR e KA N 4.8 pg/m®. th 1A 270 BLik
AT BHE A KRB 2.5%~5.6%; BT A RLAR B B B P B R R
6.26 pg/m>, FIURLA) (¥ 1 35 0 5 9K B O 176.38 pg/m®. DRI, AT SR R RE 7R RURL )
PB4 ) Ok 3.55%. T H. 2017 4F 4 11 6 H BT R AR B RE S R I M R B AP A
>7.0 pm B2 B X AT HES 2 H RO URE DAY ¢, DR B 9 I 3 B3040 0RE F 14 8 11 IR
FED G KangSF BT HEFCR I, A IEHX 1 PMyo h, SR FORIE Z AR FW . 415 .
HR A RO B s o, RN 11.42 ug/m?, HE A FRIRE S KR 2
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Fig. 2 Size distributions of the total protein in atmospheric particulate matter

2.3 XEFHYPEEERD Pla a3 BRIES

A5 R T A 11 1 25 925 o K AU ROREL ) T SO AR 1 Plas a3 1R 05 IR . A3 U0 SI2 36 #48 LA
FE [ 4E4E 18 rPla a3 2 MRS FE, BL 50, 100, 200, 500, 1 000, 2 000 pg/mL J5t i & 56 5 2
bRV 1 2R, DU SR i UKL P Pla a3 (1 v 2.l 18] 3 ] D DA MORE A7) v (1 B0
[ Pla a3 BZAEPLE >7.0 um MR BN, PRI EE N 7.5 peg/m3, 117 HAE R 2 B
W, RIS L 5 A I AR A SRR ALY & 45 3.3~7.0, 2.0~3.3, 1.1~
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2.0 um X 3 MR, Pla a3 8 IR IR L ZA K, 2490 1.8 pg/m?; £ <1.1 um KIki12
B, Pla a3 2 10 5B R FE AR, 200 0.5 pg/m®. HE 2 F1 345458, Pla a3 & 1 5 B
F11£ 0.14%~0.29%. Fernéndez-Gonzalez 258! {{IHIF 7T 45 B 87, 78 P4 P BLAG FE 115 i1 K<
RILT BRI BUHE A Pla al AAFE, M7E2013 4 3 H 28 HAZMI 21 Pla al & A1 H i
KIFTFAE R 1.2 ng/m3. [FIFHZHFFCIE R IL, KAH Pla al SRS AR RIS ML
ST YT R g e R B IR DG, S AR B R R DG, AR A AR, A K A B
Pla a3 1) H P34 U 5% 4 15 pg/m?, I T 8B 1 Pla al (R, 13X 0] (82 K&
B ARAER T Pla a3 85 AR X LA T Pla al AR FIA R, 30 275 %) K< Pla a3 5%
TBUER A TR AR 2 AR 5 K Pla a3 BUBUER A0 R /KT, w] LUK TR AR IE A
Tk BB I i s B2 At — e () B S
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Fig. 3 Size distributions of Pla a3 protein in atmospheric particulate matter
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(1) RAFIYITE], R RURE A (6 B 1 SR R AE <11 um BOREAR B, BV 1 PR IR L
A 2.5~3.0 ug/m3. ORI P KB (1 Pla a3 EEAEPLE >7.0 pm FPRREL, T3 ik g
8.7 pg/m?, JLIN (A AR 5 B ARAEAE IR BRI AR 75

(2) R HE AL A APRARBL (<1.1 pm) A, BUEEE A Pla a3 1R IR EHAR. X776
e R S A 2 A BORAEAEY), SOk T A L 0 T AR A B
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