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Alteration of Gene Expression Profiles in Rat Lungs
Exposed to Sulfur Dioxide for Long Time "

MENG Zigiang™* , QIN Guohua, BAI Juli, ZHANG Jianbiao, YANG Zhenhua & ZHANG Xin
(Institute of Environmental Medicine and Toxicology, Shanxi University, Taiyuan 030006, China)

Abstract Affymetrix GeneChip (RAE230A) analysis was conducted to study the gene expression profiles in the lungs of Wistar
rats exposed to SO, for long time (14 mg/m’, 1 h/day, for 30 days). It was found that 173 genes, including 79 known genes and
94 novel genes, were up-regulated, and 85 genes, with 46 known and 39 novel ones, were down-regulated in the lungs of rats ex-
posed to SO, compared with control group. It could be concluded that (1) the discriminating genes in lungs of rats exposed to
S0, for long time included those involved in fatty acid metabolism, immune, inflammatory, oxidative stress, oncogene, tumor
suppresser and extracellular matrix. The mechanism of low-dose and long-term exposure to SO, was very complex; (2) SO, exer-
ted its effects by different mechanisms in vivo at high-dose and short-term inhalation and at low-dose and long-term inhalation;

and (3) expression of many genes in rat lungs was changed by SO, , which implied that the gene expression was changeful and
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unstable, and there was a genome that its expression might be changed by SO,. Tab 1, Ref 19
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1.2 SO,ZhAEMANLFLE

KA K ED AT B Wistar KR 6 H (4K
HTE 180 ~200 g, i IL PG4 BT R Be sh ¥ B 4248 ) BB 43
24,543 RSO, K ERARFTH,EK 1 h, EL30d
A SO, (14 mg/m’) , F3F HRL (CK) 7E ] — K/N R Ye 7346 o
B AR R R R I BT SR RARFE R 18 h 5, 8K
FUALZE, B IR, S BB TR AR
1.3 Retwl&E

F Trizol IRAF#2HL RNA F££& RNeasy Mini Kit #4fi{bj5 VA5 f#
FIJC RNA EERI/K P, - FF T - 80 C 5 AH. A SuperSeript 1T 2
REHHTT cDNA A L, R G &8/ 0548 . Z BRULESS ,
JH Enzo RNA Transcript Labeling Kit #47 cRNA BJ-& B EY)
Eiric.
1.4 BROFRZ.EFERERE

FRCEFH) cRNA B 5B 5 Test3 Array 2238 Yk ¥ 1318 LUK
3 cRNA BTt ; Bk 5 4% BURE b FF-5 RAE230A S8 i 4432\ I
BB, cRNA 5t i 7E 24 32 48 ( Hybridization Oven 640) H
F 45 CZ=32 16 h, R 58t B E G %%, ( Fluidics Station 400)
ki e, 3 AU ( GeneArray Scanner G2500A) $3 .
1845 3R F& Rl %4 ( Microarray Suite Version 5. 0) #E47 43 #7.
1.5 BUESH

B HOR Ui 4 R IHE S — R f#E 4T RNA $2 L cDNA
1 cRNA &1, H- 587 #32. TEGeit ot ,3 R KRS

*x1

3 R CK RRBATHP LR , LB E TR — 2 E B RIB K5 X
B, Al —ZE IR E] 9 MR BB RIS SR FLUT
PR R FRELRA S CK ZHATER FELEH
5 CK ZENZEEFZRE 9 M KRR, i 6 MEFE
WAATT A —2 (3 LSS TE)  BRERKREELS CK
FHECLAE 1.5 LA LB, A B RO A 22 S AR 2 .

2 ZERRVHE
2.1 HsHedHDH
ABF 5T R Al B Affymetrix 2 [H % 35 3% & H 8 KR
RAE230A -, i%th F 3t 15 923 MRER, i R K 40% LUk
BRRBAE e R ARAE S R B A A An i, NTARIE T 5B 1
AIEEME. AL, CK JF R H 69.3% , H KA H 60. 7% ,F
WG 64.27% ; SO, e A B E K H 63. 8%, &K H
61.3% , PR 62.63% . X Sz R, ABF 5 B3k 15 3K
WERTEEIFEAE T L.
2.2 KEHRASO,FARMAATERRIENER
S0, (14 mg/m®) KM AJ5 %3k HIRmEREAE 173 4, K
PaFE 79 NEHIEFE A 94 NIRRT EEPAE 20 N
RENFEFEF 74 > EST; Mk FAMEEE 85 N, Kb aiF
46 NEHEE I 39 NMEEE,HERFE 5 NIRERMER
34 NEST. R 1~5 5 T KEIWA SO, J5 K A4 R ¥
BEERREWEHEHR.

KHERA SO, (14 mg/m’ ) EARMHHERREHER

Table 1 Discriminating genes in lungs of rats exposed to SO, at 14 mg/m’ for long time
=
4% I P L
Classification . Gene name Note
accession No.
gb: NM_016987. 1 ATP #r#BR 24 B ATP citrate lyase (Acly) 2.0 %1
gb: BI296153 B4R A SRALEF  Acetyl-coenzyme A carboxylase (Acac) 1.6 *2
gb: NM_022193.1 ZBLHIEE A SR1LHEF  Acetyl-coenzyme A carboxylase ( Acac) 1.6 *3
gb: NM_017332.1 e MR &  Fatty acid synthase (Fasn) 2.3 %4
gb: AI179334 e MR &  Fatty acid synthase (Fasn) 2.4 %5
A R gb: NM_012600. 1 SEREREE 1 Malic enzyme 1 (Mel) 2.6 *6
‘} - q gb: M30596. 1 FREEE 1 Malic enzyme 1 (Mel) 3.0 7
atty ao gb: J02585.1 TEEEBEAES A ILE A 1 Stearoyl-coenzyme A desaturase 1 ( Scdl) 5.8 *8b
synthesis gb: BE107760 THERBESETEY A i SE# 2 Stearoyl-coenzyme A desaturase2 (Scd2) 2.3 %9
gb: NM_031841.1 TEEEBEAES A LS 2  Stearoyl-coenzyme A desaturase 2 ( Scd2) 2.0 %10
gb: D90109. 1 AR IRGHTY A HEEHE, K8 2 Fatty acid coenzyme A ligase, long 2.7
chain 2
gb: BI277523 e BR B B A 0, ) 45E 2 Fatty acid coenzyme A ligase, long 2.0
chain 2
HelitR % AL Faity gb: NM_031559.1 R AEHE BSR4 1la  Camnitine palmitoyltransferase 1, liver ( Cptla) -1.7 %13
acid oxidation gb: NM_013200. 1 PR EARE B BB 1b  Camitine palmitoyltransferase 1b (Cptlb) 1.9 * 14
gb: NM_012645.1 RT1 26 1b £ RT1 class Ib gene (Aw2) (RT1Aw2) -1.7 %16
gb: AJ243338.1 RT1 26 1b 3£ RTI class Ib gene (Aw2) (RT1Aw2) -1.7 %17
gb: M24026. 1 RT1 26 1b £ RT1 class Ib gene (Aw2) (RT1Aw2) -1.5 %18
4% Tmmune gb: 140364.1 RT1 26 1b 3£ RTI class Ib gene (Aw2) (RT1Aw2) -1.6 %19
gb: NM_012646. 1 RT1 26 1b 3£, 28 H2-TL, grc X RTI class Ib gene, H2-TL-like, -2.0 20
response gre region (N1) (RT1-N1)
gb: BM389513 MHC 2¢ 11 7 RT1.B-1 B 4% Rat mRNA for MHC class II antigen -1.8 *21
RTI1. B-1 beta-chain
gb: NM_053373.1 JKBBFRGZEH  Peptidoglycan recognition protein ( Pglyrp) -2.0
RGE RN gb: AF245172.1 5 E AR 2B  Guanine deaminase (Gda) 1.7 b
Inflammatory gb: AI234860 WEMEHE A2, 1B Phospholipase A2, group IB (Pla2glb) 1.7 %22
Tesponse gb: D88586. 1 TEEELTAMMIPHES 3 Eosinophil cationic protein (ECP) -1.6 b
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2 i BB : SO, KA AT K BT 24 1 5 PR R 3B 1 1) 3 1)
4% 1 Continuous
gb: AB030829.1 BRERHETAEE 3  Carbonic anhydrase 3 (Ca3) 2.0 *23b
PrEALH gb: AF014009. 1 B4R JEEE 6 Peroxiredoxin 6 (Prdx6) 1.6 *24
Antioxidant gb: AF202115.1 3% 4¥%HEH  Ceruloplasmin (CP) -1.9 %25
gb: NM_012532.1 3% 4¥%HEH  Ceruloplasmin (CP) -1.7 %26
c-fos JRJFEFIE  c-fos oncogene (c-fos)
gb: BF415939 % v-ots PHRRAT L A1 ZHEHITE £26 BORIER  veets emythro- 200 *27
JERE LA gb: NM_133397.1 . . . 1.6 28
Oncogene blastosis virus E26 oncogene like (avian) (Erg)
v-jun &R T 17 USRI IA  v-jun sarcoma virus 17 on-
gb. BI288619 . 2.1 29
cogene homolog (avian) (Jun)
Mg MmAI LR gb: NM_017061.1 MR EILEE Lysyl oxidase (Lox) -2.3 *30
Tumor suppresser gb: BI304009 R EALEE  Lysyl oxidase (Lox) -1.5 *31
Lumican (Lum)
gE 11:111\1\:_8:;’;(1)22 } Chondroadherin ( Chad) ;2
che NMOL70g7.1  SBHEEETRME Biglycan (Bgn) “1.s £32
gb: U65_656 1 : HFEEEAM?2 (72 KDa IV B JFEE) Matrix metalloproteinase B 1' 6 «33
8o : 2 (72 KDa type IV collagenase) (Mmp2) ’
gb: NM_022221. 1 D?FFT%E@)&‘EE& Neutrc.)phil collagenease (Mmp8) Z2.0 34
EW]FFRHEF 2 Hyaluronidase 2 (Hyal2)
gb: AF034218.1 -1.8 %35
b. 778279, 1 B 18 ol  Collagen, type 1, alpha 1 (Collal) 21 36
YN L Ah 3 g ' B 17 o1 Collagen, type 1, alpha 1 (Collal) ’
gb: BI285575 o -2.1 %37
Extracellular BRI A a2 Procollagen, type I, alpha 2 (Colla2)
. gb: BM388837 s -1.7 * 38
matrix AR R 1T A ol Procollagen, type II, alpha 1 (Col2al)
gb: AF305418.1 1.7 39
JBJE NI 7Y o1 Collagen, type 111, alpha 1 (Col3al)
gb: BR75716 5 ~1.6 %40
AR X 7 ol Procollagen, type X, alpha 1 (CollOal)
gb.: AI230238 N . . 2.9 b
M Nidogen (entactin) (Nid)
gb: AI235948 . -1.5 *41
gb: J04035. 1 HPERE  Elastin (Eln) -2.5 42
gb; NM_012656. 1 ﬁwﬁﬁﬁﬁﬁﬁ%ﬁﬁﬁgﬁﬁﬁﬁﬁ Secreted acidic cysteine rich gly- 17 « 43
coprotein ( Sparc)
b. D28875. 1 iR E LR E R PR B & 19 Secreted acidic cysteine rich gly- “1.6 w44
8v: i coprotein ( Sparc) )
R gb: AA945737 #7324k Chemokine receptor (LCR1) (Cxcrd) 1.6
Cell Y ition gb: U54791.1 #ALHF324&  Chemokine receptor (LCR1) (Cxcr4) 1.8
¢l recognihio gb: NM_012513.1 Bi5 KM EFRHT  Brain derived neurotrophic factor 1.5
gb: NM_053822. 1 S100 @Séﬁéﬁ H A8 (F5RiZEH A) S100 calcium-binding protein 2.0
A A8 (calgranulin A) (S100a8)
H S100 #5455 H A8 (45K H B) SI100 calcium-binding protein
Cell-cell gb: NM_053587.1 . -1.5
ignaling A9 ( calgranulin B) (S100a9)
St . [F]BREEEE B o4 Gap junction membrane channel protein al- B
gb: NM_021654. 1 . 2.0
pha 4 (Gja4)
TR SMNEBEE R, L FUREL A, WISPEI S Lectin, galactose binding,
Cell adhesion gb: NM_012976.1 soluble 5 (Lgals5) -L.3
e b. AA944827 BESREEH2 B h ti tein 2 ( Bmp2) -1.6
Cell growth gb: BIEA one morphogenetic protein mp! .
20 L35 DNA &5 #1%] 2  Inhibitor of DNA binding 2, dominant negative
Cell proliferation gb: AIO08792 helix-loop-helix protein (1d2) 2.0
ﬁi@fﬁ’z gb: NM_133572.1 4324 f31 25B  Cell division cycle 25B (Cdc25b) -2.2
i b: AAG8S184 B3 B3 Sodium channel beta 3 subunit (Scnb3) 1.7
Sodium channel gb: B odium channel beta 3 subumt ( Scn -1
gb: NM_012703. 1 FURIFIZE W Thyroid hormone responsive protein ( Thrsp) 4.4 b
MME gb: AI169092 RIS E W EH  Thyroid hormone responsive protein ( Thrsp) 3.3 b
Hormone gb: NM_053469. 1 hepcidin #i;# ik  Hepcidin antimicrobial peptide ( Hamp) 1.9
gb: NM_012612.1 PREAHEM BKRTIA A Natriuretic peptide precursor type A ( Nppa) 3.4
gb: AI711147 Ll allzhZEEH 1 Actin alpha cardiac 1 (Actcl) 1.6 b
gb: NM_019131.1 JELBREE I 1a  Tropomyosin 1, alpha (Tpml) 2.6 b
gb: AF372216.1 JFLBRZEH 1a  Tropomyosin 1, alpha (Tpml) 1.6
LA A gb: AF370889.1 JFLBRZEH 1a  Tropomyosin 1, alpha (Tpml) 3.1 b
Muscle gb: NM_017144.1 W5 1-I0 & Troponin 1, type 3 (Tnni3) 5.5 b
gb: NM_012676. 1 U452 T2  Troponin T2 ( Tnnt2) 3.5 b
gb: NM_017240. 1 IEBRFE I ESEK 7 Myosin heavy chain, polypeptide 7 ( Myh7) 2.8
gb: NM_017239.1 IEBRE I ELEK 6 Myosin heavy chain, polypeptide 6 ( Myh6) 4.4 b
gb: NM_057144.1 B¥MEMEH3  Cysteine-rich protein 3 (Csrp3) 1.8 b
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23R 1 Continuous
gb: AW520914 HE4EHEH 2 Calsequestrin 2( Casq2) 1.9
gb: NM_017290.1 ATPase, Ca+ +%%j8 ATPase, Ca+ + transporting, cardiac muscle, 1.6
PN slow twitch 2 (ATP2a2)
Calciur;l?oz gb: NM_017309. 1 HEBERREE 3, 5 W7 B, al Protein phospatase 3, regulatory 2.9 a
binding subunit B, alpha isoform, type 1 (Ppp3rl)
gb: BI290034 WEBER B 1H324& Phospholamban ( Plm) 2.1
gb: AI231802 WIREHZIK  Phospholamban (Plm) 1.7
gb: BF283732 BEEKZEEE I Annexin 111 (Anx3) -1.6
gb: BE112453 Enigma []j%{A Enigma homolog ( Enh) 2.0
gb: NM_031530. 1 /NG R T A2 Small inducible cytokine A2 (Scya2) 1.9
gb: NM_053826. 1 NEREREL I A B A# 1  Pyruvate dehydrogenase kinase 1 (Pdk1) 1.7
) gb: NM_012719.1 AR EMH EZK 1 Somatostatin receptor 1 ( Sstrl) 1.7
pgf M gb: NM_012719.1 ADP-#8tE{L N F 3  ADP-ribosylation factor 3 (Arf3) 2.1
transglrllction gb: AI598401 RiRFER A& 1 Proviral integration site 1 (Piml) 2.1 a
gb: BG668493 stathmin-like 2 ( Stmn2) -1.7
gb: NM_133380. 1 EHAr % 4 %4k Interleukin 4 receptor (1l4r) -1.9
gb: AF411318.1 4 BHEE  Metallothionein (MT) -1.6
gb: BE101336 Rk HAF9 Kruppel-like factor 9 (K1) -1.7
gb: NM_012812.1 a2 C AfLlF6a2 Cytochrome c oxidase, subunit Vla, polypep- 3.2 b
HFHER tide 2 (Cox6a2)
Electron gb: NM_012682.1 B 1 Uncoupling protein 1 (Ucpl) 5.6
transport gb: NM_019354.1 fR{BBEEE I 2 Uncoupling protein 2 (Ucp2) -1.9
gb: NM_031010.1 A URER 12-ig %8 4LEE  Arachidonate 12-lipoxygenase -1.7
R:‘i:ﬁf)fof gb: BE107528 Smad5 (MadhS) 1.9
ossification gb: AI409634 Best5 Z5F  Best5 protein (Best5) -1.8
FHE LAY G gb: NM_031840.1 Farensyl diphosphate synthase (Fdps) 1.5
Cholesterol gb: M33648.1 3-5p50-3-H B — LA A 5 R 2 -3.3
biosynthesis 3-hydroxy-3-methylglutaryl-coenzyme A synthase 2 ( Hmges2 )
Devezi)pﬁment gb: NM_053601. 1 Neuronatin ( Nnat) -1.8
gb: NM_134326.1 H#&EE  Albumin( Alb) 3.4 a
gb: NM_024162.1 IeREE 6 H 3  Fatty acid binding protein 3 (Fabp3) 2.5 b
gb: M_053365.1 BFR4E&& 4  Fatty acid binding protein 4 (Fabp4) 3.7 b
gb: NM_053910. 1 IM/MR-E M C EEE IR R K, Sec7 F i B2 iEK 1 Pleck- 1.9
strin homology, Sec7 and coiled/coil domains 1 (Pscdl)
ig gb: AB039825. 1 o2u BREEH PGCI4A  alpha-2u globulin PGCI4 ( OBP3) 2.0
Tmnsl;m gb: NM_019157. 1 KEE T  Aquaporin 7 (Agp7) 1.8
gb: NM_021588.1 JI3k%E Myoglobin (Mb) 3.1
gb: NM_012751.1 YR58 24 Solute carrier family 2 , member 4 (Slc2a4) 2.4
gb: NM_031818.1 SFHMIAEE 4 Chloride intracellular channel 4 ( Clic4) 1.7
gb: BE113640 Y JR%%32 4-1  Solute carrier family 4, member 1 (Slc4al ) -1.7
gb: AA891661 KHEH 1 Aquaporin 1 (Agpl) -1.5
gb: NM_031703. 1 KZEH3 Aquaporin 3 (Aqp3) -2.1
gb: AW672589 NF-kB I/l F o Nuclear factor of kappa light chain gene enhancer -1.9 *15
in B-cells inhibitor, alpha ( Nfkbia)
gb: NM_012551.1 BAERKEF 1 Eary growth response 1 (Egrl) 2.3
gb: NM_019194. 1 TEFRIEIEG AT Thyrotroph embryonic factor ( Tef) 2.9
gb: AF286470.2 FE BT e 456 F 1 Sterol regulatory element binding factor 1 1.7 %11
s A (Srebfl) . . o
Regulation of gb: AI230048 ]() ];i\:)f—ii HEHS A HEME D Site albumin promoter binding protein 2.0
transeription -y NM_031678. 1 J%Jﬁ,ﬂplﬁjﬁ!;‘a{zt 2 Period homolog 2 (Per2) 1.9
gb: NM_012780. 1 FERRZ LB Aryl hydrocarbon receptor nuclear transloca- 1.6
tor (Amt)
gb: BF419200 CCAAT/HER454HH (C/EBP)3  CCAAT/enhancerbinding, protein -2.1 *12
(C/EBP) delta (Cebpd)
gb: NM_031786. 1 =HHICHEH 3  Tripartite motif protein 3 ( Trim3) -1.6
FHi% Translation  gb: BE107346 H#ZJB3IF 5 Eukaryotic initiation factor 5 (elF-5) (Eif5) 1.5
‘ o, ArOGzaLy P BB B T2 Pyrovate dehydrogenase phos- | ¢
RIS 1B phatase isoenzyme 2 (Pdp2)
Post translational b. MI8769. 1 MEVR FRALFEHl 1 Sialyltransferase 1 (Siatl) L5
modification gb BI30056'5 —EBEEAMESBEAME 10 A disintegrin and metalloprotease L6

domain 10 ( Adam10)
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4% 1 Continuous
gb: AA848319 FLEZ S B Lactate dehydrogenase B ( Ldhb) 1.7
gb: NM_012530. 1 WA FRIELES , JLIA B! Creatine kinase, muscle (Ckm) 2.0
gb: NM_057125.1 HEAY IR A Y K 4N F 6 Peroxisomal biogenesis factor 6 2.1
(Pex6)
gb: NM_080886. 1 [ f5E-C4-2 H B H LA Sterol-C4-methyl oxidase-like (Sc4mol) 1.5
gb: NM_013089. 1 BEJFEAMEE2  Glycogen synthase 2 (Gys2) 5.3
gb: NM_021664. 1 DNasell- 2. %4 Dnase DNasell-like acid DNase ( Dlad) 1.7
gb: U08027.1 Hih-3-BERIL A 2 Glycerol-3-phosphate dehydrogenase 2 1.5
gb: NM_022215.1 Hil-3-BEER i S B  Glycerol 3-phosphate dehydrogenase (Gpd3) 3.2
gb: U36771.2 Hl-3-BERR BE JL 45 F i, ZRB 4K Glycerol-3-phosphate acyl- 1.5
it transferase, mitochondrial ( Gpam)
Metaboli gb: D87247.1 6-THE PR SR 2 - S Bl SR B2 ,6-BE BRE 2R 3 6-phosphofructo-2-ki- 2.0
elabotsm nase/fructose-2 ,6-biphosphatase 3 ( Pfkfb3)
gb: BI1295900 AWM EBM B B EF  Dihydrolipoamide acetyltransferase 2.0
(Dlat)
gb: AA850780 VY HEEE  Trehalase (Treh) 1.7
gb: NM_013197.1 RILZBEHNIRAHE 2 Aminolevulinic acid synthase 2 ( Alas2) -2.1
gb: NM_031315.1 MR Z e A BRBSES 1 Cytosolic acyl-CoA thioesterase 1 ( Ctel) -2.3
DRMEBEERES , AR FE 5 Alkaline phosphatase, tissue-nonspecif-
gb: Y00714.1 ic (Alpl) -1.6
gb: AI717733 XT4E W5 1 Paraoxonase 1 (Ponl) -1.8
gb: NM_022592. 1 ¥E$2 7, Wi Transketolase (Tkt) 1.6
A . .
. 41 {5, & PASOIIA3  Cytochrome P450, subfamily IIA ( phenobarbi-
Phase I reactions  gh: NM_012542.1 /1 4 cble)/ ( Cytochrome P4SO T1A3) ( CYP2A3a) 1.8 b
enzyme
HE Other gb: 718877.1 25 FRFHRRE i 25 oligoadenylate synthetase ((Osal) -1.5

FC: ”x“it%ﬁ(sozﬂli)\‘éﬂ/xﬂﬁéﬂ) 5 ke

LRGP RAINIEN. o 7EEYPLEH S KINLIHR BB —BURERE (38 B

FHEIIATRE) 5 b TERII LI 5K LR H IR A —BUNE R (— 4L EFHES — TR, A SR R W H AL TAE ) 2%
%, fi&k3) FC. Fold of change (SO, exposure group/control) ; * : The genes described in Results and Discussion; a: The genes whose ex-

pressions in both short- and long- term groups were changed in the same direction (up- or down- regulated) ; b: The genes whose expressions in

both short- and long- term groups were changed in different directions (up- and down- regulated)

2.2.1 PERBBARMEN  HESSREITRABENERE,
FI3% ATP FPETRZYREE (Acly) \ZBEHEE A SR ILEF(Acac) JIERT
BR A (Fasn) EREREG(Me) FIAFHSBEAHES A BLEBF(Scd) (£
1: %1~ %10) ;XS FFEZ B K FESTRY AR IE A, 52
PUHIEPATRE . RSB PR R A SO, /5 , B TREE
FIHIERE A

FEASLH A, Srebfl FIET 1.7 4%, Cebpd T T 2.1 4%
(Ff4: #11, =12). XeeERRH KW A SO, M KREMFig
iR & BB FRIA RIS 1R 5 Srebf -1c I _RIAA X

FEAIMUT , PR ARBREE RHE 1 (Cptl) AT B BR A A

k. BAR Cptl PR TR T AR —30(FK 1. 13, = 14),
ERHATRA. SO, it K BRI A IS AR Al 27 LR M.
2.2.2 SR REMSHNE  KEWRA SO, KFAlH NF-
kB 13 HF o( Nikbia) 35 F (£ 4: #15) , Nikbia J& NF-«B ]
3ANEEMHIEEZ — NF-«B B HEFR 45 FHXHE
BiERE T, BB SIS SRR KR T A KA
TRRFHFET 2. XU H TAEREFMERRE THL TEIERE, A
FEIRIE T4 AT I R AR PRBOR AL N 57 4. Nekbia
T VATATS | #2 NF-xB B0 , 3 AT BEXT SO, & ik 48 5E 1 40
B R A EEAEA.

FEHALHAMER AR (MHC 28 1 1 1I) 2 NF-«B BH#EHHE
FHEM LE SO, KIIMA LI A FT F (R 1: %16 ~ #21).
GREAN I AT S BURYL LA N, BT RE BRI AE K AR W R 2R 4R
&

Ca’* KB H B IE BE A2 (pla2glb) L8 F NF-«B fY¥EH
Y B SO, KM A LI PRk F(FE 1. +22). BHES
PRS2 7 D3N i

FEAWSERH, SO, KRG EHERETEE 3 (Ca3) Fid A
RS 6 (Prdx6) Fik FIRMIMAK KRR (Cp) KX TR (K
1: %23 ~ %26). Cp FEMIK P ERATFEZWE T, KA THIZ
SR E BRI, Rt —MEBE TG, BRI
A SRR FB AL (L REHIL ™ . Ca3 o AT AR Ik AL
Ui, JfErp D B E) B RS Ca3 I RIBNTR A KES&
R Prdx6 8 — MEERIRTE R R ER (Cys” ), B—
FhEAER GSH-Px il PLA, FRAME PERUDUHAERE " s fR TSR
2 PLA, K0 B BRI R SS B )E R A B A
FLTYIINEEAII E ALY ; Prdx6 AT{EHE D RERIVR ., S
SIS S PLA, B945 B THIRIE EIEBEIE ™ . Ca3 1 Prdx6 (Y7
IR AT RSN IR BERY SO, BT 5 | B S8 A 0 A 18 LSS, T
SO, %t Cp FKIKHMHI AT RERH T Cp AREARIIERLITEL.

2.2.3 FEEEMMEMHEE SO, KHMAZRS, FE
FEH Jun \c-fos FIE v-ets B HEARLL M ANHIIE ZIEREF 26 JFUEHE
P (avian) (Erg) ikt FIR(5R 2: %27 ~ %29) , i — R ]
IR BE A A Lox) UZE T (K 2: %30 ~ #31). SO,IRA
BRI S0k SRR IR R FGA T, iTRES S U
2.2.4 ZERESMER(ECM) 7 SO, KIIMALE+ RES
ECM MRHZERRIA TR (R 2: #32 ~ = 44). HI5ERI, 4T
RESH R E 2 H AN ECM A9 , ECM X 445240 R A 54 S
MR EEEE MM . B4R ECM 401 M R =1
RIS AR &~ FEOR BRI B . B BRI BRI
A (Spare) il & —HBS SRR, EMTRBTF S AR
AL A (R 2. 43, = 44) SEATRITURERRE A AT 68 40 AR T2
REAAR, X XA AA R 5 [R] B9 52 B A . Sparc A 544
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PO FRERET(C", G, F'™) ERKET & ECM EH%
SHAWER . 3R SO, FHATA AT RE LV AL AE R 58
HAEA AR U RAE S5 S, SRS TIRER
AR, B K RS 30 A RS MR G AN
HEGEE R,

2.2.5 EHS5KHESO,RAMBERRENERARE  SEH
SO, AN EEFFEXE MBI IR ((FEAFTA)  FFRK)
HREL, K3 SO, AR R FIXRIME B AR 5 S0, AT
AR 31 R EAREERE KA SO, WA LR A 3 R
IRt B3R, T 26 AR WAL, L 2R 2 D FRE T 7
SO, A SLH 30 NRIE TR EE R AP, FE R SO, RASLR A
14 NFERR WA, HA 16 DMRIE R LI, R A —ZEF KX
TR P BRI RN A — SRR E AR &
M (Fabps) , FUARBREER 2 H (Thrsp) F—LEHLA4H 53 2
BRI L WX S48 R N REMH AR (B 2 DU RIS AT
FERRER A SO, FYE RPN X, MfrE— R,

3 ¥ie

WFERI S0, L HAR AT A Y W HBREE AL B R R 2E 7T 5
EASNEFRE) CHO-ASS2 2l gpt FL[H (RS- SRR BEBAZHE
BRI SRS ) 278, T 5 FL 340 DNA 565 &
AR SR, SO, Xof 2 H PR 2 A 1 A RN 1 R L SRR
ARSCHFE T BARIREE S0, (14 me/m’) FZSPAREE 30 d (BK 1
h) XK R SRR R Ak T A RO S5 R R B, SO, AT LAT [
258 NEFFRKFHE, Rk BREAE 173 MR KA
TRRYE 85 MEEH. XLLERRI SO, AT LI5S MR TR
AR A S SR R R A R R — AR E AR E R A4
Vel 2 5 5 2 BN A A F AR AT A A . X2
FIRGZHN RIS H 2 AU 2 B AR5,
MR T — PR, BRI LR A N R e e BB R 4.
X FAFRE PR ALF P T BEA AT IR A A R e BU R R 4.
FEABFARAT SO, AR5 R S LA 258 R Rk
IR, 53X 258 P EEFR AT AR Z N FEA LA T RIBA
Ty SO, HNA". EX— MR B AT AR KX EFE KA
SRR, M — PR

HRAE I TEEYIE 0 DNA 1853 ZER % (BIFR%) T
B mRNA, J& 3 85 B A & A . IMER R R RA
TR K5 2L T mRNA 120 H B A ORI AR 1L,
T AR PN 50 1 B [ A PR, S S A A A A AR BT
REZRAL , PT EHSE AR AR 1 AR T, AT ) e M R 2
e BYEL LR AR A DNA . Bk, BT A A FHE R
FERHFRERRR, T EAFFFR LY S BRI RE
A, X FRAGR 5L H R B B0 T R A
HEMME.

4 G

FBFERI, FEHIRA SO, Ja K RUTA 61 MR RX B EE
H((FEAFRTA) AR  KIARA SO, JE K RIHA 258 N5
A BEA. R 3 NEFKFRTEE AR SO, AL
B s —3, KRR RPGHEMEHREAETA S0,7Elk
PIRVEFIFLEEATR] s S AR A SO, iR BRUTE (R R 3 15 Hov R
AL, SEMABRIRICAHRH) — SR R R R A T BN B
Ae ke, R FHESEHAWA SO, AT RS BRI RERE L 1K1
A SO, IR U R SR -5 H X IR A L, Rk A 22 i3

R KBIRRRAES SR JAE A RL 5 R e 4 )
FFFAESMERT, R A SO, TERNBITEFE N
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