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The impact mechanism of iron on the anaerobic
degradation of 3,5, 6-trichloro-2-pyridinol by
Pseudomonas aeruginosa
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Abstract To explore the impact mechanism of NanoFe; O, and Fe(ID) ions on the anaerobic degradation of
3,5,6-trichloropyridinol (TCP) by Pseudomonas aeruginosa D-2. An anaerobic co-culture system was set
up with three treatments: no iron control group (A, 0 g/L), NanoFe; O, treatment (B, 2.5 g/L) and Fe
(ID treatment (C, 2.5 g/L). The degradation performance of TCP in different groups was detected using
HPLC. The differential gene expression screening and metabolic pathway enrichment analysis of the three

treatments were conducted via transcriptome sequencing. Within 72 hours, the degradation rates of 50
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mg/L. TCP for the three treatments were 54. 08% (A), 40.20% (B), and 60. 24% (C), respectively.
NanoFe; O, inhibited TCP degradation, but Fe(Il) ions significantly accelerated TCP degradation, increas-
ing its degradation rate by 14. 16%. Transcriptomic analysis showed that NanoFe, O, enriched some path-
ways related to DNA damage stimuli, cell stress responses and DNA damage repair, and upregulated
genes associated with DNA damage stress response and DNA repair. While, Fe(ID) significantly enriched
some pathways related to energy metabolism such as ribosomes, TCA cycle, and oxidative phosphoryla-
tion, and upregulated iron-dependent enzyme. NanoFe;O, triggered the emergency damage repair system
of strain D-2 and initiated the protective mechanism, leading to a 9. 78% decrease in the degradation rate of
TCP. Fe(ID) ions further activated energy metabolism by up-regulating the expression of key enzymes,
thereby resulting in a 14. 1% increase in the degradation rate of TCP.

Keywords NanoFe;O,; Fe(ID; 3,5, 6-trichloropyridine; Pseudomonas aeruginosa ; anaerobic; degrada-

tion; transcriptomics; mechanism
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3,5, 6- = MLBEM (3.5, 6-trichloropyridinol, TCP) J& F& RIS E Y . & =A LA 24 5500 &%
H S 35 S0 E W A e A O 7 MR R B . TCP BB KA AR sh itk S 8OLE 5 8 A2 +
B R IR S A SR AR T . IRESRE T TCP R 2218 T 8004 BB M Fr 2t F B AR A 115
Yol TR TCP RAE MR SE Mok TCP R A MEIR TS Ye iy s |

WEDR (ERIY Fes O & —Fh 2040 T H AR A TR & M S8R 1. 4Rk K3, NanoFe, O,
TEAEHEE ML b B 30, NanoFe, O, -5 H R H 70 S g 1 S 487, 1 i 41 3 A 0 v
(1) ) L2 P A% 0, o T A S OB et , FRATTSE 0 % th & BH NanoFe, O, 1R i H: 3Bk 1 A Ak
W JEAEER 35 I T R MR TCP B e 4 ol R SO M S B A . SR, H AT NanoFe, O, i BB A PR 44
PR At o S G E DA HURIANTE 2 . IAh IR WG R BRAE IS5 T AT 8 1T DU itk 2 R 05 1)
R A0 B A PR AT B IR A R AN B AR W 2 L e A 43

BT I A LA SE B R HATH L () — Bk TCP Bk i AR 2% (R A TR ( Pseudomonas aeruginosa D -2) R
FEXT G2 o SR FH v 5O € T ARG 00 V9 b 2 Ak BT BT R D-2 RS TCP RS2, 7] B 20 e 4 i 2H 00 5 o 1 b 4k A
PHR) TRIAR SEA T 25 S 2 15 J2E DR AR 150308 1 8 4 43 B, 3 I P AP 2R B X R A D-2 DR A TCP 14 mia i 1L
. AUEIEE IRIEH IR R P78 NanoFe, O, Ml Fe(ID 7E RS T X375 Yy B i3 0 , 5 76 [ B 2R
A NanoFe; O, vs. Fe(ID XJ B g IR A TCP A EFEHLE] . LU s TCP S8 SR AR A wE =
FeATE ) 5L B by FH 24 LS LA

1 HRHS ik

L1 kE

1.1.1  F3##, HSREAMTE Pseudomonas aeruginosa D-2 JE AN S50 = B 43 55 i) —#k TCP &% H
P, F 16stRNA FEH 17518 A5 & MN736551. 1,

L1.2 A, TCPEEERTF 99%0), Fluka 2 Al HEE (HPLC ), 38 8k Qi /R BF 4224 7] 5 NanoFe; O,
(40nm) , H1 [ 11 Sigma-Aldrich fh24A5 BRA R A2 5 BasliR 34 e Frdli.

1L1.3 g, Milli-Q Bk (IQ7000) , B ya b TH A (i) A FRA R 5 B IE IR 35 754 , Ll — R
FBRZ E] 5 TER R R (SHZ-82A) , & M A8 5t AN 25 il & 4 PR 23 7 s TopPette T2 B 1 7] J# F8 K % (10, 100,
1 000.5 000 W KIEI4EITLIGALES (ALHO Bedn 22 7] 3 2 0HL 5417R, Thermo Fisher; AT WA B BT, FikgoE
FHEP R A A B T 5 R IR VA5, BRSO A R A R TP s .

1.1.4 3z, THLERE FIE(g/L, pH 7. 0):NaCl 0. 50, NH,NO; 1. 00, KH,PO, 0. 50, K, HPO, 1. 50,
(NH,),S0, 0.50,MgSO, « 7H,0 0. 50,k 0. 05, LB K3:5E(g/L,pH 7. 0) &K 10. 0 g FELEEKS 5.0 g,
NaCl 10.0 g,
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1.2 Jjik

L2.1 RERZFAFE ARG, DEAIEFRHEN R BLE IR IE TR /N KCGE BB B S 3W Hh R
PRI, BEIG A E R E R IE R AR IFR N T R R REIRE . EEBFRILOE, AR T %R
100 mL /NI AR ZE ST 1 dh B 2s , JUAE T, DI UE DR SA AT . TOm4E T 8 B bk D-2 S5 LB
WARKE SR 3L, 35 CHIRIE IR ZEXEAER I (ODyg 1 =0. 8) 0 BRLUEERARIELL 0. 03 g MY &5 I HFN T
TCHRNFIEZH (A, 0 g/1)NanoFe, O, #MA (B, 2.5 g/L) Hil Fe(1D & F#H N4 (C, 2.5 g/L) A MSM
(TCP50 mg/L) JRAKEFRIE T, [RIAF i B AR A R, B2 = A P47, 37 CIREARE IR,

1.2.2 TCP#EMZ, FiREEFRWAEA R R] SR, B0 M B3, il TCP ik 481k, TCP )
FIETERHIN 2R P40 - 559 LC-20A HPLC ARG ({AAE VP-ODSC18,4. 6 m,4. 6 mm>X 250 mm) ; Jii i H
BEAIKEE A 80 ¢ 20 (V/ V)5 Hiik 1. 0 mL/min; R K 230 nm,

1.2.3 3FAMNFEARAREH, PR ER =2 FREAE R TR AR IR ARG 35 21 ho X BRI T B O gE
WAV R 5 T ok e R AE B IR AREAE DB A R AF] . 7E Tllumina PE150 BT #4755 2
WY . P eyl Cutadapter #FAT1EE, IF 5 D-2 BRRAYIE R AT HOXT BT A a4 1Y 22 73R A
(DEGs) 5 KEGG ¥4 P17 K 4T

1.2.4 ZFREARE G AARAMER G ESH. #H DESeq2 (v1. 38. 3) X L4 2 [H] (1 3L R e ik #1722
SO AT L O 108 2 S AR AR AR IR A5 A O < R 3K 22 S A5 8| log. FoldChange | > 1, . P P-value<<0. 05, ffiJ{]
ClusterProfiler (v4. 6. 0) 47 & £ 734 . 38 LB L[ 345 J5 153155 P-value (— M I 35 6 4R AR E R P-value
<<0. 05) .k 2255 3 A (all/up/down) .3 & £ 1) GO term/KEGG pathway , M Il i 22 57 36 R4 78 10
BUEYEIIRE . WK D-2 Fe sk AT AR FE NCBI g8 55 PRINA1174429,

2 AR5

2.1 AR EEAE

M SR R D-2, TS E S R IRE RGN . KA A, FiE D-2 ZELL TCP (50 mg/L) kMt —fik
PR MSM AR F RIS TE S 1) iR . BiFk D-2 BARK 1~3 um, 98 0. 3~1 um, SR, 0, W5
BEEFDE , JCHEE R Z [ HES 2080 T — @ HEFDE X, HAE SR FIB 54 7 WA T i) s (8 S an gl 1
(W 7R, WPk D-2 B8LL TCP JyrfE—IEA <, UhRH L HA %A% TCP 1YRE

L(—b)

B 1 (a) E¥k D2 WESERS; (b) B D2 WEGEES
Fig. 1 (a) Colony morphology of Strain D-2; (b) cell morphology of Strain D-2

2.2 NanoFe;O, Fil Fe(II) & % @tk D-2 RS PR TCP 5% W

FEARTR IR XS BRAE A b T bR D-2 BBTE 72 h NFESA# 27. 04mg/L 19 TCP, B335 54. 08% (K 2),
T£ NanoFe, O, A B 41, Btk D-2 76117 21 h JLFASKEfE TCP.{H7E 21 h 2 36 h BfRIH T X TCP 1y
PR T IRATE 72 h WA 50 mg/L TCP RN 40. 20% . NanoFe; O, IIHNINTE TCP B3R T
W 9.78% ., SRR Fe(ID Y C 4 B T TCP (AR, HAE 6 h PIXF TCP MR MZAE] T 60% ., f%
R T 14.1% . FERA R U TCP fy25 A X IEAL, BERH R A IE K , TCP B TR A e , ixX
FRESE I T2 RS i . DL 45 53R, NanoFe, O, BESIHME] T H kX TCP 1R A M . (B Fe(ID
WS EM T TCP YR E M.
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2.3 NanoFe,O, Fil Fe(11) & 1M ¥ 5 P4 ik K -F 5 B ol t e
SRR GS IR T BRZH A NanoFe, O, ¥SN4l B T, 50f X C{TCPareaD 247

Fe (ID B FHRMAL C HTIMRIKT (g FPKM + 1) £ %}

M AT TR IR E 40 (Hierarchical clustering) . § :2:

B G R, A 4R B ALZE R H B A RUIORE 3 sof

fiEJH C LR A KNG A FI B A ERE LS, 15 & 2

AL AT R C AL S Bk kg e T )

Sl HIFE A 4 Ak TR 3 i 2 X 343 76 C 4l R T T T

B R i R A X BUE I Z IR O] 3 ()], X 4[] ih

1257 A K (DEGs, log, 786> 0 H. P<C0. 05) A} 2 NanoFe; O, #1 Fe(Il) BFR M T E# D-2

A7 2 R IR LR HEAT BT R B A 5 B 4LA7AE I % TCP B PSR

T2 F TR R 80 1, T ZE R FIAIER 17 ;A ZH  Fig.2  Anaerobic degradation of TCP by strain D-2
5CcHPEE AN ZERFR AR 1365 4, FREKER with addition of NanoFe; O, and Fe(II) ions
SIKIEI 1 265 /5 B AL C 477 I I 02 5 234 L

1260 4>, FAMZERFIKIER 1341 DCE 3T, e FRIBFENA R X 3 A A A Frds
A2 R IR R B H 735000 337,17 H1 288, i3 A 2252 BB M Oy 28 A~CIE 30, dE—H ik
W, 8% DEGs EZAENTE A vs CHI B vs C HWEA T A TLAH h ik i B3 B Ay oA B N = 2 45
50S BRI RIS IEIA rplB/1/X /V Gl gatith 12,19, 124 1 L22 1, 2 5 MR8 Aoe v B
TR LSS AR LA A EAE D 308 B U gat B +psC /G 3l 4 S3 A1 ST M. 2 5
mRNA [ A5 AR P A AR 25 A R e M), M F G gafid 3t fusA R AZ MR ZE mRNA
LB SRR 5254k 2 5 BERTEER) , DNA 45 &5 6 I F g i 2L N ber I (S5 401 1935
SEEREI ) e fih e DR T RE D 1iig (FF Ry 235 AR B A IR BE RO IE AR 3 B, SROMEIRSS & HES 5 E AR
B BT ]D A XS N i i 8 R AR 0 A R A R Y S R EOCHE . LR
ZERRW] Fe (D BTSN 2 BT RO R OGRS R 1 R 15K, T RE e 4 e i T RN R Y
G
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: = — lg 1250
> = (]
i EC S 1000
: Z Score %D
5 7501
: 4 ;_
: B =
: 5 E 5007
Iﬁ “ 250
o4 Gene Clusters o AvsB AvsC BvsC
A G-C]
e a2 (¢) AvsC AvsB
' — s
. = Gicg 337 17,
= N I WGC7 -
= | — , rens 2124957 36
- =
£ - 9 9 = o9 9o 7 o9 9 288
«% < < < U O U a4 & A
% BvsC
5
&

IE: () RRELED; (b) U2 RRIBEEN; (o) ILrE2ERRREN,
3 BRRAZERREEFRNRES N

Fig. 3 Cluster analysis of differentially expressed genes (DEGs) of comparison groups
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H, =AU FERER) DEGs #B 3 245 78 40 i 14 21 44-4E A (Cellular Component ., CC) UL & 5 5 14
Y1 B (Biological Process, BP) {HTEIE K /3 F 2 fE (Molecular Function, MF) J5 10 =/ LA HIG A 25,
Tok4 A vs NanoFe, O, 21 B, BP 251 32 22 & 5 T4 M T DNA 53405 F350 0% 52 1 248 B A JBik 380 s 1 DA J
DNA W& 4, CC R FLEET DNA MEACTE M, %R SN DI BE PEAE . X 2L 3 bR Ay 3 3=
FORMIRIMIIEE TIT Gt 2eh A G2 DNA AR recA reeN 2 (GR D, (HPIFTE MF 8502
5. GO B8R, NanoFe, O, &% T DNA 455135 . 40 s DL DNA 534516 5 A0 5 19 38 %,
JH T DNA #5475 W o RME 52 A0 5 LA, B I HED NanoFe, O, I BEfil A T R LR HLE . A vs C F1 B
vs C,BP Z851 2 5 4 T B L 2 IR A W06 4, CC 2850 35 8 5 4 T 40 M0 )9 () 40 B 2 A B4R 26 43 . MIF
T R TALRR A A AL 4 (b, o], XSS i v b 28 1 8 A9 Ji R 3 8 2 — L6 S5 AR (AR (1% 2 B B A5
K RE AR SR FE N, NGB K T G G I fusA HAE A S IEH »p B/1/X/V %(F 1), B Fe
(D EHE T 58 A0 BHPE R 2 KA B S8 5%, I LR T SR A 2 R s S RE m A AR G I 3L A, 53X
KW Fe (D ATREFCE T WK 1 & U RE AT

cellular response to DNA damage stimulus

(a) cellular response to stress Hr
response to stress

DNA repair SOs B vE
response

cellular response to extracellular stimulus AvsB

cellular response to external stimulus

DNA metabolic process

cellular response to stimulus response

to extracellular stimulus

rRNA 2'-O-methylation,

tRNA wobble position uridine thiolation,

NADPH dehydrogenase (quinone) activity.

catalytic activity, acting on DNA,

exodeoxyribonuclease activity.

CoA hydrolase activity.

exodeoxyribonuclease activity, producing 5'-phosphomonoesters
acyl-CoA hydrolase activity.

exonuclease activity, active with either ribo-or deoxyribonucleic acids and.
producing 5'-phosphomonoesters.

deoxyribonuclease activityou

T T T T T T T 1
0 05 10 1.5 20 25 3.0 35 4.0

-log,(Pvalue)
(b) translation
peptide biosynthetic process amide M sP
biosynthetic process peptide metabolic Wcc
process cellular amide metabolic
process B vF
cellular macromolecule biosynthetie process
organonitrogen compound biosynthetic process AvsC

organonitrogen compound metabolic process
intracellular organelle
ribosome
intracellular non-membrane-bounded organelle
intracellular anatomical structure
ribonucleoprotein complex
ribosomal subunit
cytosolic ribosome
cytosol
organellar ribosome
cytoplasm
organelle
structural constituent of ribosome T T T T T T r Y
0 2 4 6 8 10 12 14 16

-log,((Pvalue)

translation

(¢) peptide metabolic process peptide M BP
biosynthetic process amide

biosynthetic process cellular amide Wcc

metabolic process 0
cellular macromolecule biosynthetie process MF
organonitrogen compound biosynthetic process BvsC

organonitrogen compound metabolic process
intracellular anatomical structure
intracellular organelle
ribosome
intracellular non-membrane-bounded organelle
ribonucleoprotein complex
cytoplasm
ribosomal subunit
cytosolie ribosome
cytosol
organellar ribosome
organelle
structural constituent of ribosome —

T 1T 1T 1T 71T 1
0 2 4 6 8 10 12 14 16 18

—log,(Pvalue)
: () XFHELL A vs NanoFe; O, #RII4L B; (b) XFHELL A vs Fe(ID# M4 C; (¢) NanoFe, O, #i4H B vs Fe(ID# M4 C.

4 NanoFe;O, 0 Fe(Il)iRM T E# D2 ZREEH GO EEN
Fig. 4 GO enrichment analysis of differentially expressed genes in strain D-2 with the addition of NanoFe; O, and Fe(II)
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£1 GOEEANWMILRIBVASTHANEZE DEGs

Tab.1 GO enrichment analysis comparing significant DEGs between the experimental group and the control group

iR X HRZH FEH 25
AvsB athA sRecA/N s dinB simuA srsml
Up genes Avs C SfusA. rplB/1/X/V . icd s sdhA s sucC. gap, zwf s tht, nuoG
Bvs C infA bioB/C/D/F+ pdhA LpdA » alcpdhA » puuE +queC sah pF » fol E2
AvsB NNL25_RS28595,NNL25_RS04200
Down genes Avs C queC salr s pdhA shemW ymurl ,bioC ,iscU, fdhD , phaZ snarH
BvsC fusA srplB/E/1/X/V rpsB/C//FG/S .gnA srpoA srpsF

2.5 ZE5AEPAYy KEGG fR i w42 5

BT 2 RIBIEN T KEGG QS = 80T - 226l 25 A i < (B 5) . HEER R, Avs B
R AAE AN MU D R 14 A 0 5 1l I Al SR 2R ) 1 A B A 45 T LA D7 A7 A S A 9
1A= D Z AR ARSI T R . AR LT IOk AL Fe (ID BN C 41 AAIA AL BERR LR 12 . — R IR
fiEFR (TCA cycle) R (RNA G MRS PURE 4. XSk P 7r 73 B0 F 0 22 S R IR I (R
2), 10 508 BAHAE A g B rplB/1/X/V s 30S BWEAE A1 i B A rpsC/G, SEMH AT G g fth A
SusA, B ER o BRI perA (ATTR AL T MIZBHE B B A G o [RIRPRE 57 N ZR RS
BRI  ATP SRV EE arpA/D/E /G GTTEIN ATP BYCHERD » AT bl SN ied (1L
FATERIR AR I o BRI R » S RIBENE B EE N {pd A CHEAL — 0B Tt I AP DA B TR A » ()
¥ NAD i J57 5 NADH)  BEFIRR AT A HE ML sueD (EACIRIABERNEGT A B AL N BRHIR) 55 , X LUK
AL 5 R R T B LUK T B el S . e DY L Fe (TD) B e 2E 1 B8 120 B Qi s o — 2B g 1

(a) Pvalue (b) Ribosome - @ | Puale
l 0.036 Oxidative phosphorylation . I0.049
Citrate cycle (TCA cyele) [ ]
. X Aminoacyl-tRNA biosynthesis [ )
Biosynthesis of mfl;t‘;m;‘étlzg 1 0.018 Carbon fixation in photosynthetie organisms A [ ] 0.024
Y l Carbon fixation pathways in prokaryotes [ )
0 Photosynthesis 4 IO
AvsB Pentose phosphate pathway 4 [ J AvsC
Methane metabolism [ )
Histidine metabolism A ( J
Number Glycolysis /Gluconeogenesis A (] Number
Glyoxylate and dicarboxylate metabolism ()
Ubiquinone and otherter | o @: Pyruvate metabolism e 4
penoid-quinone biosynthesis Shigellosis 1
@: Biotin metabolism @ 28
RNA polymerase [
. : Pathogenie Escherichia coli infection T L4 ‘ 23
0.00 0.05 0.10 0.15 00 02 04 06 08 1.0
Rich factor Rich factor
(¢) Ribosome . Pvalue
Oxidative phosphorylation O 0.043
Aminoacyl-tRNA biosynthesis - ) I
Citrate cycle (TCA cyele) | (]
Carbon fixation pathways in prokaryotes 4 ) 0.022
Photosynthesis o
Pentose phosphate pathway - [ l 0
Carbon fixation in photosynthetie organisms 4 [} B
. vs C
Pyruvate metabolism - o
Biotin metabolism -
Methane metabolism - Number
Glycolysis /Gluconeogenesis -
Histidine metabolism One - ® 7
carbon pool by folate 4
Nucleotide excision repair - @® 29
Protein export 4 [
Glyoxylate and dicarboxylate metabolism () . 52
00 02 04 06 08 1.0
Rich factor
() XHEZH A vs NanoFe, O, N4 B; (b) X HRZH A vs Fe(ID T N4 C; (¢) NanoFe, O, WML B vs Fe(ID# N4 C,

Es

ZREFER KEGG RHBEEED T
Fig. 5 KEGG pathway enrichment analysis of differentially expressed genes
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RS TN ARG 170 il ) 3 5 2R 58 L TNl T PR AR R RIAR D-2 (R e s AR, E I f2 i T TCP ry bRk B A
B vs C BRI B & BSOS A vs C AR X AR L, B Fe D B CHB B EEE T
FREIAR CEE (RNA G AR 1L LA K — R MR 45 5 8 AU BT & b S B i AR AR DG A 3E % . KEGG R
WE B AR T —2DUE S T Fe(ID B8 138 i & AR AZBEIAR . TCA 16 38 1 SR AR B R Ak 55 fi o A1 A G 1)
B WO T RARTE DR EURE T R AR
3 itk

BRI A R —Fh LA ZRERIRE ) A A RS M PN . E AT E A IR ARGE R R AT
PAHEA T A 8, 30 B A AR SRl G SR B T it R s Ll F A2 (A A A7 0 A e AN R R L B R
AR . XS R T A TR AN R R BT A PR M2 IS B A HLIS e AR &
L AR 2R AR A TR D-2 BEAE IR A5 N AR SR RE R &4 TCP, X 5 Z A W58 il — 24

F2 KEGGCREBEBREESHIREASTAHEMNEE DEGs

Tab. 2 KEGG pathway enrichment analysis of significant DEGs in the experimental group compared to the control group

P X R ZH B SpAS
Avs B xthA s zur, phzA, tusA, recA, gtdA, amrR ,ccoN
U AvsC rplB/1/X/VsrpsC/Gs fusAslpdA, Icd s sucDsodhB, ppk2,petA, atpA/D/E/G
e B vsC rplB/1/X/VsrpsC/Gs fusAs [pdA scoxB.cyoA/B/C/E,ctaD sccoN s
trxB, gloA shasC shemW scif
AvsB nirM, NNL25_RS28600, NNL25_RS20735
Down genes AvsC cyoA/B/C/E, gcoP ,IpdA, alr, coxB, fumC, gloA
BvsC AtpA /D, ppk2.sdhA ,ginA acnB,gcoP

ZHTWE C U TEAF AR IE T AT PR AN IR 4 1] RE A A 4 5 — 6 DR B 1~ Ay 4l PR 190 B e
BSOBUI AR 9 176 P 2 T 2 22 B D7 e () e e o 50 e R D8 A 2 TG 00 10 7 A R4 v 22 34 05 02 1) A= 1
FHEEDS ) B AR R, Fe(ID Al Fe(ID B 1 5 JR 41K (Rhodococcus ruber strain 1.9) I HARERE T
LR BB T S S T B 55 A T R RIS T CE A T B 0 O T A B 0 A
T TR ]y L PR R \RINA B SR 2 B i, LAG R i 5 EE R A DG 0% B 11 o AT 44t 12 28 %) o i
RO, ORI, PRARSRAE T BRSO A AR AR i R WA TE . AR UOR B Fe (DD B 1~ B B A HE 1 4 2 1l
BB XT TCP MIRAREME . Fe(ID MTRIND # 5 5 7RI TCA 1B i AL BEIR 1h vk 12 45 g i A
ARG RS s, TPt b R TR I S Rl e A0 % v 5k 8 AR 1 D i st R 1 e ) 355 12 o T
R D-2 (RN RE R 1A B TR i T TCP My PRSP AR . X 5 HE 48 &+ Cu(ID M As(v)idal T i EE
e (I I % O HRE R PR 1) R38R PN R 2 ko 3 T 491 A 58 2 0o o A 05 7 1 AL 5 W e ik R AOE S AH W)
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