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By A AR R, JF 0 28 A Rl R31 AR WA ETY Ak B 7 e i IR 0 W BROR . R T R W BOR L 4L
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J& ME T A B WRE MnSO, 7 im il Rk ] B B30 4| R31 MDA Ry R, JER s igile 74
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Elimination of the Inhibition of Fusaric Acid on the Biofilm Formation of
Bacillus subtilis R31 by Manganese
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Abstract: In order to reveal the interaction mechanisms between Bacillus biocontrol agents and plant pathogen
Fusarium, the inhibition of fusaric acid (FA) from Fusarium on the biofilm formation of Bacillus subtilis strain R31,
and the elimination of the inhibition were investigated. Firstly, a bioassay system was established to test the
inhibition of FA on the biofilm formation of B. subtilis R31 by 24-well cell culture plate, and the lowest
concentration of FA on the biofilm formation of R31 was screened out. The growth curve of B. subtilis R31 was
tested in the presence of the minimum concentration of FA, and the cells of R31 with or without the FA treatment
under shaking or static cultivation were observed by microscopy. Then, different concentrations of MnSO, were
added into the co-cultural system to eliminate the inhibition of FA on the biofilm formation of R31, and the residue
of FA in each treatment was determined by HPLC. The results showed that in this bioassay system, 9 pg/mL of FA
could drastically inhibit the biofilm formation of R31 by inhibiting its reticular structure formation of R31 cells and
reducing the cells floating on the liquid surface in static culture. 9 pg/mL of FA can also inhibit the growth of
early-stage R31 in shaking culture. Adding MnSQ, into the co-culture system, however, can restore the biofilm
formation of R31. More specially, 200 pg/mL of MnSO, can not only eliminate the inhibition of FA on the biofilm
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formation of R31, but also significantly promote its formation. FA may inhibit the biofilm formation of R31 by
affecting the differentiation of matrix-producing cells of R31, and MnSO, can be used as a passivating agent to
alleviate the inhibition of FA on the biofilm formation of R31.

Key words: Bacillus subtillis; biofilm formation; fusaric acid; inhibition; elimination

BRJTB Fusarium spp.it—2 BRI S S, 6% 2 MoK R SI/EM I EE . Nk,
RS S HOAT B Bacillus subtilis R31 X9 7D 1 8 993 J5 B0 B L4 1 3 BOim PR, 9F 78 K ok 2R A ik )0 i
Fusarium oxysporium 5 EIR T FERGZENG R BLH B5 VA R4, w7 LU 32 F T80 8 5 & 1 s 3 A4 9y
6. HBTAHIIE R31 B AW IE R (biofilm formation) #J 31T LAZEAE AR brAa i 2 i AR 5 1
R IR GRS AR S SN

M5 ZE MUAT B Bacillus subtilis WA W85 5T 18 RE 01 5 SEAEAE PR B e BEL AT A 995 2 R B 16 20 R 2 T)
FEAEAIINETS, LA W 0 T J R o 5 B 52 B AR AR 22 200 3 SR RPN 2R 22 i e ot ), 932 14
Wy 432 SN P KAt 1 MR g e R B A A At T B AR O A A AT 1 1) 2R e
TR, R A SR R T F. culmorum FEREFEI T DUAR AN BOAE AT B AR Wbt e Y, 4 et
BEP AN B R A FEASRIR N T LU ks, 528 AP R31 Wi ks (B8 )
A PR 3OO 2 IR TR AR DA BT U 5 e R D

W IR (Fusaric acid, FA) , 5T JENMEIE-2-FRTE, CoH;3NO,, 75 78 179, #FRi 98~100 C, &
LI B0 0 1 7 A R AR =, R AR A M B i =T, R RO LS R P T
PEUSY, R B 25 T 1) 2 B O R 120, R R ) T R K B0 2 IR A A TE A DGR,
JIRE TR A FEME E R IUAE 2 N7 T — 28 ) o R ok R oy S A I AU R AR o 3—n— T Sk hL e 75 35 40 i 5
TRBRJTERRES T MR SRRk A BTSSR BT, BIOR TSR TR S SR R AR gt
HAMIBAET . N T BB R TR, SR E T Mn®, Cu®t Zn® e AL 5k
BRI BE ) B E M in 58 GBS 1 Pseudomonas fluorescens™ e TR BIAL B JT TR, 0T B AL 250
I —EWIBTE R . ARSI FIARE TR, A ARG 203 7= A2 IR B 22 0T 2 AT B () AR K AT AR
H, 5 28 M FF i 5220, R KR R31 JFJR A AN 2 B RO I N R B, 5 R 2 0 0 6
FIHbER, R31 BB RLE B, A 00 AT B8 & R 2R b b g ) D i e S~ 4B s R S 8w, 6 R31 12k
WA TR A B A T AT R

N T FEE RS S NAT I R31 AR KA E YR B S, AN Min® 4 ki 715 33 o
W AR, Wt T —& e R R, B T Bl R BRI IR 2 AT vR1 A A B T B ) B AR
IS T MBI S E T R31 A KA B S FE . i T Mo AT DA R K Blitb 7, 8
LA TR A B 2 R B A KR A R R B g 1 B02T, DR AR B T E R AT R31 LR SRR R Th N
MnSOy. AT A 7~ 2 FOAT R 28 A= 97 B Al B 08 it B8 73 25 1 VR AL TR 36, I 8 R R4
e R ZE AT B R3 T BRGZE 03 B 76 RO P T F R AR
1 #MRl5R=%E
1.1 i EkfERE

R 2R BOAT B R3112, Bl AR AL & bt . RIS T LB B3R5 BGM1 $5 57 328,
1.2 ik

B IR B AR A TR X 24k
1.3 S 7] B BRI ) A B IF B AT I AR AR R S B B A N RE R &R
1.3.1 AR KRR T] B A B AL 46 IR E R31 A AR JETY sBy 0 R31 -V 4% R B A S0 B 42 JH STk
(4107 R, A3 B B RV 1.76 X 10" cfu/mL. F] BGM1 553 SEms BSOGR MW IA T, 18 R31
(RIZA 43k 2.0X 107, 2.0X 10° F1 2.0 X 10° cfu/mL, 4.

0] 24 LA MRS IR NN BGMI 57 3L M JJ IR CREBIKEE 900 ng/mL) , {48 ) B R 1) 289K JiE
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M 13 33 54 7+ 94 11 A1 13 pg/mL, -8 J) B R AG BRI B 38 v BN IR, AT IR I N SRR R K
LEAN ) (P 40 M 5 A P 43 SN 10 wL 2.0 X 107, 2.0 X 10% F1 2.0 X 10° cfu/mL ¥ R31 MK, i 2 mL (1)
FAKZ T R31 B IAWRE 2 0 1.0X10°, 1.0 X 10° A1 1.0X 107 cfu/mL. R31 JEIGWSE N 1.0X 10® cfu/mL
MR RN 11 uL 3% N 1.76 X 10" cfu/mL IV SFRALEE 3 MRS, WIIRRE T 37 CHE
TG TR, 43 A 24, 48 F1 72 h WS40 OC S Wl B2 JE UG L o 1 78 Bl ) B IRTE 9 pg/mL, R31 ELHIKEE
10X 10° cfu/mL, 1597 24 h ] DOSLEE 2 5 10 A=l B siam b R . RSB 3 k.
132 HRIIEBRATE R31 AWHER kK ENE ¥4 R31 LB RG] BGM1 #ikt 1000 £, 7E%EH
BGMI 1 FA (K5 554LH N 2 L B, =& BN 2 mL, R31 (M ALIKREL 1.0X 10° cfu/mL,
WETTHEIRI LR W0 1. 34 54 74 94 11 F1 13 pg/mL, SRAIAINGE I #IE, T 37 CH¥ERFE 24 h,
RS A A T RS 0 5 P 4 R e (30 i R 2R i M 52 )5 0, AN Ab R AT 3 UK
1.4 SBRIIERES I R31 £ KA MR T X
1.4.1 #R71E BT R31 7£ BGMI1 F## B A K ey P R LB J77k0R 1.3.2, BT BRI B2 N 9 pg/mL,
MAE 4y 8y 12, 164 20 #1124 h HUARIALFR B 10 pl il fr, 45 an S A e s .
1.42 4RJIHE B R31 £ BGMI1 F ik A K ®ma  R31IEA VLR 1.3.1, M 5 mL Bl 4% 1%00 5
3 5 mL BGM1 Fil BGM1+9 pg/mL B JJ R (FA) AR FRIEH, F 37 'C. 180 r/min $&3% 557,
PAIAE Oy 24 4. 6+ 8. 10+ 12 14, 16 F120 h #ll5E 600 nm 4k OD {f, Jf:CARFFRES (B G BEARAREIE, 3R
3 R31 (A K4 . BEAAEBEE A 3 K. 22 BILE 4. 64 8. 10 Al 12 h BUAS[FJ AL B 10 pL ) H Bk A 1
1.5 WMERFEHERIIEERIKE R31 IR
1.5.1 FRKRE R BRI W RIKE R31 AW s oK e 7 7k AR 5E N BGM AR IRk |
FA BEBAT MnSO4 BRE BT FRALA I R31 A7 2 uL, fFZAAFUN 2 mL, #RJJRFRZMREN 9 ng/mL,
MnSO, BRI 100 mg/mL. & T AWEES 0 40, 80+ 120+ 160 FI 200 pg/mL ) MnSO, #ift AR B
ALK 3 P IEAL, 28 BGMI K557 R31. 9 ug/mL ) B RALFE R31 A1 120 pg/mL i FR4G AL FE R31,
37 CHFERIFE 24 h, Mg, il IFe e R31 AW ScE o, e 7k 1.3.2. AR EE 3
e
152 #iftEERR PR &% ERAEN HPLC M FEMHIR: BioRARR 151, B8 2 MWK, 2
54 9 png/mL B JJ# 2 +BGM1 Al R31+BGM1+9 pg/mL i JJE R, AFEZ 3 4, 43514 MnSO, &k &
80 160 #1200 pg/mL. 37 CHEERTFE 24 h, 7 nlE 5 ANMEEERT IR 20 mL, 4 "C. 5000 r/min &L
10 min Z2FREAA, IIANSFATICIR CBEHEE 12 h, W EEAHUAE 16 mL, B3 B0 28 R k4YE, k459 H
8 mL (A4l WA, AR5 0.22 pm A3 HLIERE L 3E .

FA bRl (40 pg/mL) FCiil: g2 FREL 0.0020 g % T (LG4l i SO mL, 0.22 pm A HLIE T 38 .

FESL T FA 8% HPLC MR 3%k 260 nmX 4.6 nm, HEEME /2 5 um, KR 50 °C, WAk
Tl ali I /0.43% 5% (68/32) , ¥iik 0.7 mL/min, #EFEE 10 pL, K 270 nm.
1.6 BEFITEHH

SR R DPSPORA: T 5 2 23 M RS 1 B 5 M 2 % T LR AR S I A IR B BE T S T, R
Excel 2003 4-AEK

2 ZFRESH

2.1 SR TIBER I HI 4 SF B AT I AR AR BE L A B SE N RE AR R

211 FREDRESRT]E B FATE IR R31 AW iy R k)T B R nT ARG RE 27 fAT B R31
EEIETE R (B 1AL By ©) , HHIFLRE 580 IR MM FEA R31 IMHIAEIR BEAHC . R31 IRIHIAR R A
AN AN, Bl ) B R s, SRR 2. 7 ng/mL FA 40 T AR (1.0X10°, 1.0X 10°1.0X 107 ¢fu/mL)
R31 7E 24 h WIEHGH R, (HERE (1.0X 108 cfu/mL) R31 7F 7 ug/mL FA YEF T BTG K2, AT ot 3
AI{E 24 h WIE R SE B4R - 9 pg/mL FA ] T i AL an vk B 19 R31 7F 24 h T G 2 o 1577 31 48 h (]
1B, WREELE 9 ng/mL A LA Ff¥) FA 58K W12 52 M T L 4n v 2 1) R31 i f i TE . 15978 72 h (B 10)
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[E: AL 24h, B, 48h, C. 72h, BRBIEAMETIEEI AN, AT GRS BR L IE B8 5% LI N A BTSN E K. Dy AR
B ELARTRIE S 1.0 X 10%cfu/mL ) R31 AL S M Wl , B h S 2 PR b2, B LRI NS - R g ZE A i f 2
PR ZER B (P<0.05) .

Note: A 24 h, B 48 h, C 72 h. In addition to the control without FA, there were different controls set for different FA treatments by adding sterile water. D
Quantitative determination of the effect of fusaric acid at different concentration on the biofilm formation of R31 with an initial concentration of 1.0 10°
cfu/mL, data were mean+ SD, different letters indicated significant difference by ANOVA and multiple comparisons at 0.05 level.

1 RIEEXMHE ST E R31 YRR B ST
Fig. 1 Influence of FA on the biofilm formation of B. subtilis R31
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9 pg/mL FA Xt R31 AEAH5 I e A b, ELAR B R B 1 336 12 A5 8% 5 56 B A7 22 51, Ui 9 pg/mL 1)
FA 0] LA R31 A=W s T i o

2.1.2 HRJIEBRATE R31 A MR ok 0y S BOR A 2 SR RO IR AR P 5 4% 110 O J e A, B
9% 24 hiF, 9 pg/mL FA WIRANHEIT R31 ARG TE R, B AR ZE I I i) T il 5 o TR 22 e 2 (I
D) .

2.2 BTIEBER NG R31 4 K F0E MRS A

221 HIIEE A R31 7£ BGM1 A HER kA E P i@y DB S L R 2A s, s
fFF R31 76 BGMI #5238 LR CRIEL. 450D B4R, 5 SCRRFRE R R 5 28 R B 26 ol s
Rt R e 4 — 8P, FEiz g b B R 2 4 h I, EAROEHT LK SRR B R AE K 8~16 h I AR EEAR
Wishn, [ 2 SRR LR ; 20 h JFAR Iz, 24 h BRI e 0 B0% e M 24 h B3
BRI LUK AR ER S . 1 R31 765 9 ng/mL FA 1) BGMI #5753 b Bt 2 LR s e AE K, H
WA T A S E o B 4 h LK BEIRIER:, 8 h LURIEA LRFFRAFIREA, Bl 4E; HE] 20 h i
BRSSP A D, XA, 24 h BRI L IO S BN AR, B B N, G
SYBEARYTE RS R . W R A KO PR Sk G, FA ATRESEM T R31 KL A 4n M il i, {4597 4 o gk

A 4h 8h 12h 16 h 20h 24h

B 4h 6h 8h 10h 12h

=—+=BGM1 A
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L5
1.3
1.1
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0.7
0.5
0.3
0.1

—8—BGMI+9FA

OD600

0 2 4 6 8 10 12 14 16 18 20
I 171] Time (h)

A, BRJJHEEA R31 £ BGMI FPHE RN KIS TR ;. B, BiJTHRON R31 46 BGMI iRy IR B KIS RERISEM; C, R31 ££ BGMI
A1 BGMI+9 pg/mL He/)HEE TR B 2k, NFKE FREORTT 20 i 2 EIEE R EE (P<0.01) 5 EHPHRR=10 um,

Note: A, influence of FA on the growth of R31 in BGM1 at stilling culture; B, influence of FA on the growth of R31 in BGM1 at shaking culture; C, growth
curve of B. subtilis R31 on BGM1 and BGM1+9 pg/mL FA medium, different capital letters means significant difference by ANOVA and multiple
comparisons at 0.01 level; scale bar=10 pm.

2 MEZFMAE R31 £E 9 pg/mL 8715 BGM1 EFE R E KM &EMERKITIENE
Fig.2 The growth curve and process of B. subtilis R31 on BGM1+9 pg/mL FA medium
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FER AN ECR D>, ARSI CE 22 (I IAN 2 REAER (15, W AN R 40 Pt 2 T3 25 RS B O 72 i 4 i
W, o B T 40 M A B8 R .

222 R31 &L FEHEFIE(BGMI.BGMI1+9 pg/mL FA)F A K W& NlE I 9744 F R31 7£ BGM1
Rrgedeh DA B CRIA. 450D BIERAK (B 2B) o R31 4 BGMI J5 753 19251 4 h I -KAEIR # 14
BTN RIS DL AR E R 8~12 h BRSNS W], BAERMIRGE . TR
ZAE T R31 /£ BGMI1+9 pg/mL FA H355% 4 12 h B4 I 18] B i 4% B B I8 LG IRV, 2R Ktk (&
20) Mg V5.

FEPRGREFEEAT T, 9 pg/mL i) FA B350 7 R31 (0B KR, (5 8288k T R I
S5 (B12C) o M 2h JF4A 2] 12 h, X OD ¥ 3 & T w2, MM 14 h JT4G, Bl EIR
ARBRIY OD H B3 M6 (2C) « R31 76 BGM1 H1155% 2 h, ODgoo A 0.149, B J5 1 OD Bk I T8 11
WK, JFREAGTEE K, 5958 12 h i, H OD IEE 1.912, HERAAKIEAFE M. 1 R31 £ BGMI
+9 pg/mL FA T UARIFERI 4 EEEFE, 2 h I OD {EH MG B, (HBEGEE AT AR, B2 14 h I,
3L ODgoo 155 2.017, BbJ5 WA AE KA I

MIEFREFEEAT T R31 AEK T A4 kG, FA S TR EIR41E T R31 4N fbid 7
7 BGM1 ', R31 FELAYIGEIE B 77 K, TN FA 5, AWy XA B4 e sosb>, =
BEAG I [ RIHERS . FA IIFHIVE B e iz, R31 S AR REM M I I AR K

SEAEE R FEAIRG TR T R31 AR O 45 A WT, FA nTREIEIE 52 R31 40 M siffAc 55
U7 A G ) 5 A ) A A T o
23 FERESECERTIEER R E R31 £ YA ERT A RE
231 ARRERBEENERERIRE R3 EWEER R MnSO, % R31 AEYHEIE I TE A
FHEWER (3D 5 L9 pg/mL FA ARFAE 0, il i@ A [FIIR E MnSOy, &I 200 pg/mL MnSOy fig
BEALER )RR T e KR R31 FIZAEMBIRTE R 200 ug/mL MnSO, #i4L 9 pg/mL FA i R31 EW# IETE Bl
e UK B AE R S B X I /NT 200 pg/mL MnSO4 A FE AL SR AN S (] 3) &

1.6 -
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1.4
12F

1.0
b
{_ EEC c —
0.8 F c c

ODs7o

0.6

0.4
02
0 1 1 1 1 1 1 1 ]

1 2 3 4 5 6 7 8
i R i AL B MnSO, treatments

E: 1, CK; 2, 9pg/mL 8RJJRIR; 3, 120 pg/mL fifR%E; 4, 40 pg/mL BRIREL+9 ng/mL BJJRIR: 5, 80 pg/mL G +9 ng/mL HIIHER: 6,
120 pg/mL FifR%ER +9 pg/mL HITHRR: 7, 160 pg/mL FifRER +9 ng/mL HITHER: 8, 200 pg/mL BifR%ER +9 pg/mL BT H R
Note: 1, CK; 2, 9 ug/mL FA; 3, 120 pg/mL MnSOy; 4, 40 pg/mL MnSO4+9 pg/mL FA; 5, 80 pg/mL MnSO4+9 ug/mLFA; 6, 120 pg/mL MnSO,+9 pg/mL FA; 7,
160 pg/mL MnSO4+9 pg/mL FA; 8,200 pg/mL MnSO4+9 pg/mL FA
3 TEIRERBRGEFENL 9 ng/mL $RITHEL RS HEFIATE R31 £YWER BN ELR
Fig.3 Results of the passivation of manganese sulfate on 9 pg/mL FA at different concentrations and their promotion on the biofilm

formation of B. subtilis R31

232 BB S IR ] W ER R I R31 ARV E BN DA R31 J5, 9 pg/mL 1) FA BE{K4 1.2 pg/mL,
YL R31 AEA K L rp BEAR 9840 FA; 7€ R31+9 pug/mL FA JERE BN 804 160, 200 pg/mL MnSOy,
4h JERIAE] FA (R D .
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#1 FELEBRKEEDFASE

Table 1 FA content in residual systems under different treatments

Ab ¥ 73 Treatments F 4% FA 75 1 Residual FA contents (ug/mL)
BGMI+9 pg/mL FA 8.84
BGM1+9 pg/mL FA+R31 1.2
BGMI+9 pg/mL FA-R31 480 pg/mL MnSO;4 0
BGMI+9 pg/mL FA-+R314 160 pg/mL MnSO; 0
BGM1 49 pg/mL FA+R31-4200 pg/mL MnSO, 0

3 Tt

e BRET K 2 AT TRT R3 1 AE )45 M T Jle PR A0 ) R A R FEE 250, 7 /L PR B ) TRT R R R BARE I R31
(T 1, B Bl TR R VR B 8, 6k R31 AW R B 0 4T s 4 BB ] e . R31 I R4
AUk RS T AR TR, AR IAWRE N 1.0X 107, 1.0X 10°F1 1.0 X 10" cfu/mL 9 R31 7F 7 pg/mL [
WRITBIRATAE N, 24 h REASRE B g, (AR A 1.0 X 10° cfw/mL [ R31 52 54M5 /N, Al fE 24 h
TSR B AR, BEE R IR AT K, 2 72 h I, B EWEA 1.0X 10° cfu/mL ¥ R31 ALBEA!
X FROEAT S 22 S Ak, LA vk S5 1A A B LR IROC A W 22 7 1 o IR A AR R3T (1 2E M0 ST 1k
S PR Y . R R ZE AT B R3T AR IAUSE R, B Ty A BT B W T 75 B 4 IR A
TE ARG BT, 52 i TR R 1R M /)N

Fili 555 2 AT A1 L A R AR W T ik R 2 AN B oAk, — 0 20 A0 M Dk U 8 138 S M i e
— By Ay [l A K R BT AR A, 3R WA R RS S TE AN I, 5 A — 0 XA 2 LT 1k
A, XA FE 2 ] Spo0A Fl DegU 3X P AN 4 Jay 1t 5 1 2 D 1 W IR A6 K OF O A A 42 12021, i 4
DABEAR 4544 A K I 25 T 15 40 0 SR 20 L 1 3 e 2 0 i B Al 2 2 AT T A 0 Wl ISR e i i 2 — P2,
BGM 1 2 A 5256 5 073 HH A (10— A8 1 A 200 20 B AT B7 2 420 0 JE T ol 1y 5 9 6200, 3 e oo AR [ 385 9 4 1
(BGM1. BGM1+9 pg/mL FA) I R31 AW I o B 42, &I R31 7 BGM1 AR E; Fr itk
I B TV 1 50 2 i K, I 3 B v PR R AR A T R 2 B IR KR IR SR AR AT IR 2 /v s 1T 7E BGMIL H i
9 pg/mL FA JGANRETE I S, 75 BGMI AR IR 3L 10 R4 H /D, 24 h 5 BABRATIAR 2 5 TE X X6 (BGMIL
BGM1+9 pg/mLFA) o R31 WA M4 IlE &I, FA #IHI R31 BRI B AR, (HARHE T A8 I
R31 A K o G5 A AR 7 23 AT T 40 1 Ak B R A 0 e MO T il iod R W 2 20, 9 b B ) 1 T ol 3 3o 40 61
S50 A A 1) T R R B E AT B R3T AR R TE . AH FA 58358 I A Bl {5 45 1 45 0k S IX
AR, T B A

EAFE R, BRI IR AR I R 2R I AE 130 pg/mL LA EPO, i AU 841 00 2
BRI R RN AR R D R BRI S B, RO EARIR R i) BRI B IR B 314.7 pg/g CRK
AR MoE G R31 LW R 6 TE 151 i ) IR IK FEAL R 9~13 pg/mL. 1R %4K R31 7RI I F
B el 1) 17 3052 3 56 W 5 R0 B R Tl 1) i BT Ak B R L AR IR g Rk IR KOG &R . DAk, ek
JI VA R AR PR R A ] R31, A2 18 B 2R MBI DL A A fE 2E R31 (1) A= M T 1 o

SCHRIRIE Mn BT AT BRI T BRI Th A2, L[] I3 2 Al 0 2 B AT 81 A= KR A 0 4 R e T
T MR G R T, A R R B 0 2B s e R B AR Y, T Min B TR 0 B R 2
FFEE S R b, AT DAL A B 2 AT 80 20 M R 1 P TR e DA S S R (R e s o AR Sos s K  PRR V
MBS AR R TR, RV R31T AN R Re £, B R AR (1 BV N 1 200 pg/mL
I, AR DAL FE R 5 mT, ET DAERE R31 MZEMIRE I TE . BT Min 257 340 & A 4 75 22 (1) P
filf Mn—-SOD (W4l %L, Z S AN &7 A RIEMER, Bt Mn &7 BAH ) R31 75 A& 70 Hh R [
Pl ) B T ). AH M 2 7 A S 2R S 3 O AR 05, SEAE R R 2 A B R31 Y

ROk 7 Bk IR .
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