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ABSTRACT

The present study was performed to improve the technique used for fermenting the mushroom
growth medium. Taxonomic analysis of 16S rDNA sequence from the predominant Bacillus strain
CY-24 isolated during the fermentation phase of the rice straw medium identified it as Bacillus
licheniformis. In addition, the growth environment of B. licheniformis was also examined in this

'.) study, which revealed the optimal growth temperature and pH to be 30 °C and 6.0, respectively.
Gheck for This study also revealed that carboxymethyl cellulase (CMCase) and polygalacturonase (PGase)
sBdstes enzymes isolated from B. licheniformis achieved their maximal activities at 50 °C and 60 °C

respectively. Furthermore, the study confirmed that the two enzymes, i.e., CMCase and PGase

a OPEN ACCESS in B. licheniformis are stable at temperatures above 60 °C. The present study thus demonstrates

Pllgg";l }ggg;?ig that B. licheniformis CY-24 possesses excellent enzymatic properties. It also reveals that the action
e of enzymes during the production of growth mediums used for the cultivation of mushrooms
Kor. J. Mycol. 2021 June, 49(2): 199-209 is closely associated with the promotion of fermentation and softening of the rice straw. Overall,

hitps://doi.org/10.4489/KJM 20210019 this study provides elementary information regarding the role of B. licheniformis enzymes during

Received: May 4, 2021 growth medium fermentation for Agaricus bisporus cultivation.
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2hol| A= 19601t = FE] A4S o] 83 o] AulHe] 7= AulE Al&eRinh2). HA
2 A& Al o] 712 /4482 cellulose 15-40%, hemicellulose 30-40%, lignin 20%, pectin 20%
EHNG RACR °]—r°1 A om3], HEl o) Mz Eofistr] Yol vz Ha wA o
A Aa /R0l B2 AlE-E *{g]oto] njEo] o A HElS EoloteS atoi34]. Al
cellulase, xylanase, laccase 5- %?—E"E’—F’rd\_ 2 EAE AJAtsto] Eolf AFERQ] G2 oA Y o= o]
85hH, 50| FAR= A4 5Qtol| hemicellulose, cellulose, lignin 2.2 ARESHHS 6], Cellulase
+ E88 42 A endoglucanase, exoglucanase X [B-glucosidase 5 37H| SAEE F/JE o] Jlo
™, Al 7FA] 8471 EAlol 22 uf 4528l ofsto] 24 ARavt ety o s Fold
4 Q= 712 9] Ed = E/Jo]| w2t carboxymethyl cellulase (CMCase), Avicelase, p-Nitrophenyl-(3
-D-glucoside (PNPGase) = T-=5}7| = SHH7.8].

F&o] HiA] AAkoll Qlo] 71 S 23t QQ12 vijx| o] #UdAS EHSh= Zolw, n|=
o] Z-gof| 2] cellulase@} hemicellulase®] FH] 2 B2 viZ] 9] C/NE WolA| 1L §7]& tfH] £
7] &9] steo] &obAIth4,9]. CellulaseS A4S 380| 2+= Trichoderma viride, T. koningii,
Crysposporium pruinosum, Penicillium fimiculosum, P, iricesis, Fusarium solani 5-°] 1. 2.H[10-14], Al
9 2= Bacillus sp., Pseudomonas sp., Clostridium sp. 5-°] 2# %] Q1TH15-18]. g0l =AM 5
20l A ZFet E/dS Hol= N Alite] 49 WEA = 54, E oA 244 Uetd=

50| BrH7]. &3] Bacillus sp. F22] OYEE2 wH| 242 cellulase, xylanase, laccase 5=
wHHlste] el £ Bofichal SAaY o gabA o g o]-88 4= 9l Om[19-21], surfactin,
fengycin, bacillomycinTt 22 P FYEL S YAt 2 of 2] A 58 WA 5 F-85 4=
& AHE 75 5FeH22-24]. B3t Bacillus sp HAHISF Al A5 SE7h 201 TR §4dsko] 1L
20| M= 5T 4 Qlo] EH|3E Ha ZX njEo|y n|8E ARZ 7 7Hs/do] =2 Ak
O 2 e it 8= o2 1 UrH2526,27). 2017 Lee] o] e viz] wra et Wxiot o
&o] = nAEe] Wi 3l A Aatol w2 Al WA, 3§84 Pseudomonas spp., AHd
5 ot nEEo] e AS ERIghHE QlTh2.4,6].

2 Ae FEol viA] Ea B 23 HA 7] ZHollA 2t TS T Easto] 168
DNA 7| MBS 272 nES S4okl on, 2a Tl F25HA 2H-&ot= ndEel A
4 88l & A (cellulase, hemicellulase, protease, pectinase) &/d-= TAFsto] 22| n]AdEo] 24|t

= CMCase, Polygalacturonase (PGase)2] G484 E/Jof| tjsl] 11 5falA} gt

Mr X

IO rE o

oz

ofye

320 AR 7104 ko] EululA) 2 HI7) Aol MRS A, %, 5} 32
Lo} B2 Aslelth 2] Belt B 2R4E olfslo] sj4aln BEETe
I R2A [28] (yeast extract 0.5 g, proteose peptone no. 3 0.5 g, casamino acid 0.5 g, dextrose 0.5 g, soluble

starch 0.5 g, dipotassium phosphate 0.3 g, magnesium sulfate heptahydrate 0.05 g, sodium pyruvate 0.3 g,
agar 15 g) B 2] o vl ATt v = -2t T colonyE FH 2 0.2 22| sto] HiYSATE &
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P2 nAYEL RoA HIA] ol A 2% ok i

T FAE Eot20% glycerol (V/V)ol] B8}
70°C A=A oA HESPHA] A| 22 AF235}ITH

2] n)YE2] 54E ¢35+ API 50 CHL carbohydrate test kit (BioMerieux, Craponne, France)
£ AFE-519] nutrient broth (NB) HA| ol 24A|17F vl s}, HijQFol o] M=/}t A= ATB
identificationcomputer system (BioMerieux, Craponne, France)= ©|-851%] 573}3lth. 11 $of| 168
DNA F-712F 2498 A A5t DNA= Qiagen genomic DNA Isolation kit (Qiagen, Germantown,
MD, USA)= Ah&sto] 225+ 1, PCR E-2 Techne thermocycler (Bibby Scientific Limited,
Stone, UK)2 435}/ t}. PCR HHg- E3HeH2 PCR buffer (10 mM Tris-HCI pH 9.0, 50 mM
KCl, 2.5 mM MgCl,, 0.01% gelatin and 0.1% Triton X-100), 2.5 mM dNTP, 0.6 Unit Tap polymerase
(Sigma-aldrich, St. Louis, MO, USA) 10 pmol fD1 (5-AGAGTTTGATCCTGGCTCAG-3")2} P2
(5-ACGGCTACCTTGTTACGACTT-3") 18] 2L 50 ng template DNAZ 0] F0{ &t} PCR2 94°C

ofA] 148, 56°CollA] 15 12|31 72°Col|A] 227 30 cycles® 3451 11, ¥ & High pure PCR
product purification kit (Bioneer, Dacjeon, Korea) S AH-8-610] ZJA|SF & Genotech (Dagjeon, Korea)At
ofl 925t} A7IME -2 ZAEIA T FAMS 2 S 21ol clustal W A1 =2 1313 0]-8-5}0]
Ho]E}E 715t T GenBankoll 2= T2 4714 3t H| 15131 2.0, Neighbor-joining g 2.2
[29] &5 2t e m, AlE42] ZF gl theh A2 == bootstrap 1,0007HE50] 2415}
k.

22| 0Pd=Ee] a4 ZH|

Al o] AR8-H 2§ A2 minimum salt (0.5% yeast extract, 0.5% poly peptone, 0.5% NaCl, 0.02%
MgSO,7H,, 0.1% K,HPO,) G4 AJA i x]oj|A] 2] m]AE-S 30°Coi|A] 36A17F EOJ ZIek v oget
_ , %/\l_‘?_ﬂé o]_Q_ﬁ].o:] HHO]:OH 23 000 rpmoﬂ}\-] 10_‘?_.7]- 1\21}\] o]._Ty_ R=X oH_L]. _—,.,Lxﬂ o].o:] At
WS FAAZEI S 20°Col HshH A Aol ARSI

ojt ol

E2| njdEe Ms=

2] nEY vl A2 d
7HA] 10°C ZHA 0.2 27 a7 ol A 180 ipm 2.2 24A]7F HY S & UV spectrophotometer
£ 0]-&5to] T 600 nmOllA] A5 F =5 AT pHoll W 48478 == pH 3.0014] pH
9.02 245t & n|YEZ HIoto] AT 1959 4% /\c‘,‘% API-ZYM kit (BioMerieux,

Craponne, France) = A2} Bergey’s Manual of Systematic Bacteriology [30]°]] &5+ A& sttt

=AS x
A gAsE =N

7
& 2AFsl7] 215te] R2A Al A ol F-5 A ERE - 4°CollA 70°C
=

0/4= 24 YHE HIX] =X

FEol vijx] Az 2 F WA U n|Ad=2] a4 AY4HE- i A] = minimum salt (MS)HIA]E 7]
2 vz 2 AR8-5F O, cellulase?} polygalacturonase ZHd-2 7] BiZ]| O]l 1.0% carboxymethyl
cellulose (CMC) (pH 7.0)2} 0.5% polygalacturonic acid (pH 5.0)5 47}t ]| 2! 14 vz &S AFS
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SHATE 12] 3 hemicellulaset= 7|2 MS BiZ] ol 0.5% xylang 7}F5FAL, proteaset= 0.5% skin
milkS 7}sko] ARESIATE 72 BiFS 10°ColA 70°C 7HA] 10°C T = A5, pHE=
3.09.00114 150 ipm 22 367+ 59+ XEueF 5F AL w+522] A8 A T=+= UV spectrophotometer
< °l83to] 600 nme| FFEZ 75t

MES 2ofjzi 2 2M

2] 0]/ 22| A|2H B5) § A(cellulase, hemicellulase, protease, pectinase)2d = ZAF517] 915}
o] 3P ) (agar diffusion method)= A8 L, 480 H = FAAY4-8 A H) 2] o
A RAE clear zoneQ] A 7S 2450 EAT A2 RARSIIC

A B8l §491 CMCase 242 CMCE 7|42 6}04 =74 a}fﬁt} 1.0% (w/v) CMC -84 0.5
mL2} 200 mM sodium phosphate buffer (pH 7.0) 0.25 mLE &4 -84 025 mLe}t 2g51o] 50°C
ofA] 15EZHHESAIZ] & B2 %)= S-S DNS 8 (3,5-dinitrosalicylic acid 7.5 g, NaOH 14.0 g,
sodium potassium tartrate 216.1 g, Na,S,0; 5.9 g, phenol 5.4 mL/L) 3mL= 7F5}al 100°Col] 527t kS
S 20 A 415 530 nmell M FFER =75

HEE281 & 42l p-Nitrophenyl-3-D-glucoside (PGase) Z3-2 polygalacturonic acids 7| & 2 5}

o] 2453t 0.5% (w/v) polygalacturonic acid (PGA, sodium salt)S-2 0.5 mLY} 100 mM sodium
acetate (NaOAC) buffer (pH 5.0) 03 mL2] HF-S- Z3Hel 0.8 mLS 40°Col|A] T 2] 1087+ HHx] 202
mLo] 2 A0S H7ksto] 40°ColM 2027 HHSAIR] & fr2l = Sl S DNSH 2.2 [31) 7}
531, 100°Col| 527t HHg- 3 AF-20l|A] A5 530 nmollA] S4 =2 S45k3ict

315 20 U 215 pH M0 M2 SHE B}

T4 HA 25 FALSH] 9fote] 84 RSN 0.5 mLy} £ 84 025 mL& E35Hod 4,20,
30, 40, 50, 60, 70°C01W 2027 HHSAIA F2) == S-S DNSH 0 2 AT 2|4 pHO|
ZAHE ¢J5}+0] 50 mM citrate-phosphate buffer (pH 3.0, 4.0, 5.0), 50 mM sodium phosphate buffer (pH 6.0,
7.0, 8.0), 50 mM glycine-NaOH buffer (pH 9.0)& AHE-0FA 1L, £+ 0.5 mLoll B4 ¥-3-24 025 mL
I 2§ A 80025 mLS E3Fsto] 205 7F HES X171 & DNSH 0 & A& Q] S48 XA
C}, 2o thgk ok AL g4 HkS-ollof] 2§ 4018 H7|510d 4,20, 30, 40, 50, 60, 70°COH|A] 244]
7]— Eo]— E»]—o]— %}d% }_}\]-6]. _,_ pHoﬂ q-]@_ -]/d o _,JZ—] H]-_ pH 2/\]-01] /\]-_Q_Q 9,]-
2 pH 3.09.00 2GANS | mLof| ¥ 24A|17F B3 & DNSH O 2 AJthZ] Q] &S ZAlSH

M

F40]22 G4 Ao 9lo] ZujA| == A2 AFEE 4> IO B Z CMCase?} PCase
of thgh F&o] 23t A A S ZAKH ] Y3l &4 §RS-9Hof| CaCl,, MnCl,, CoCl,, BaCl,, CuCl,
MgCl, 65 340122 | mMZ} 5 mMo] 527} Bl =5 stof 2027 A7 & fe) &= 2hed
g2 DNSH 0 2 ZALSIGITh th 212+ 10 mM EDTAS AH&-5}3IT
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SAIx2]

AP e T 33] HhE 4288519 o m o)W Ax}e] EA|2|2]= SAS program (Statistical
analytical system V9.2, SAS Institute Inc., Cary, NC, USA)Z ©|-8-5}0] w2} TFH A 2 Duncan
multiple range testS 5010] ZH A& Hatxtol] thot A 524 A2 p<0.05 oM FEE
7ke] o] A ato| & A g3l

HA] 22| n]AE CY-24 (accession no. KT989579) w5-2] AJ5}5H4] E/4-S HESH Table 1] L}
ERQICt Belst cY-24 w322] Asksha EXJ2 B. licheniformis+= glycerol, glycogen, L-arabinose,
D-ribose, D-xylose, D-galactose, D-glucose, D-fructose, D-mannose®| 4] Y/ J8H3-2 LEFH O,
gelating WFIA| 7] = EAS 74A] 1 QIQITh APLZYM kitS 0|83t 7H-Bal A8 S 24
St A TH(Table 2) esterase, leucine arylamidase, acid phosphatase, 3-glucosidase %] 2|0l A F/JRHe-
& UEHIglon, o]9] Zaolx= 2/de UEhUlA] ekttt ol2igt Ak vigo g 5% 2
3} Bacillus <5(genus) 02 374 =101, 168 DNA2] PCR S-Z0] 23] 2F 1.3 kb2 °ﬂ7l*1 d==
H3l3 o, o] ¥7]AH-& Ribosomal database projectS- ©|-85t0] TFwt-2t 459 =
Aot 1 A3} CY-24 w52 Bacillus licheniformis2} 99% A 2| =5 B I thFig, 1). 4ot E
&2 B2] 7= Bacillus licheniformis CY-242 3}, B, licheniformis= 13 9/d, XA}
A Ko & $H7o] Kok Fo g Jda] Bxglo] 9l o, B aubtilis 2Hx 7H7He 2ALAIE T

_L.mﬁ‘m
<]

Table 1. Carbohydrate utilization pattern of Bacillus licheniformis CY-24 by API-50CH Kkit.

Carbohydrate Activity ~ Carbohydrate Activity

Growth D-fructose +
4C - D-mannose +
10C + L-sorbose -
60°C - L-rhamnose -
Control - Dulcitol -
Urease - Inositol -
Hydrolysis of gelatin + D-mannitol +

Utilization D-sorbitol -
Glycerol + Amidon (starch) +
D-arabinose - Glycogen +
D-ribose + Gentiobiose +
D-xylose + D-turanose +
D-galactose + D-lyxose -
D-glucose + Hydrolysis (protease) +

+: Positive reaction; -: Negative reaction.
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Table 2. Enzyme activities of Bacillus licheniformis CY-24 by API-ZYM Kkit.

Enzyme Activity Enzyme Activity
Control -

. Phosphatase acid +
Phosphatase alcaline
Esterase (C4) + Naphthol-ASBI phosphohydrrolase -
Esterase lipase (C8) - o-galactosidase -
Lipase (C14) - [-galactosidase -
Leucine arylamidase + B-glucuronidase +
Valine arylamidase - a-glucosidase -
a-Chymotrypsin - B-glucosidase -
Cystine arylamidase - N-acetyl-B-glucosaminidase -
Trypsin - o-mannosidase -
a-chymotrypsin - o-fucosidase -

+: Positive reaction; -: Negative reaction.

SF1QITH32,33]. B. licheniformisi= 11-2/d0] ™ 7]/ Ao 2 WWAYEALZ Bkl Folglom,
cellulose S E3l5h=t] AR8-%]+= endo (1,4) B-d-glucanaseS AYAFSHTE Exo (1.4) B-d-glucanase= 3
(1.4) glycosidic A2 T2 2 HTsHA] cellulose F2A9] 2hY = H|hY oA At
%0} cellobiose T = AJ/JEITt. cellobioser= °| 7 GO & 7Rl 4 oM cellulose
7heRet =de BAHOR ViR e T o JITH34). EE1F B, licheniformis= R1ZFOlIA| B8 /g
Aleto g A A Jlom, o Thilal Aibat -2 A 8 9 Y25 A 5 594 &

24k aa Ao AR E ol 2 nAER g ALt 3537

2a|7e| 2 3 X7| pHe Jg

] nES A SR e o] ote] ot =5 A A3E Fig. 20 LE}
WATh. B. licheniformis CY-24 w-5-2] 2]|A AJ&-2 = 30°CH O, 40°C7HA] 8-S sF oL,
60°C o)’FollA= 8-S 3FA] E5I3ATt. pHoll th2 8- ZARE 23} 2|4 pHi= 4.00] 1, pH
6.0 712 LksHA| 2leh= 7S 29151t Gomaa [38] St 2ol w2 30°C7 24 2% A
I, pHE 6.00] 202}l B 115491 11, Vijayalakshmi [39]= 2| 2] &%= 40°C, 2 2] pH7} 6.00]2}
3 B35 Aol AT B. licheniformist -2 20l A AJ8-0] 715kl ek AJS-0]
7t de zloz gotect

2|20| ZASH E4

[ = =1

HI

B2|3} B, licheniformis CY-24 #59] -2 %9} pH ¥3}o]l thZ CMCase, PGase £4-9] B4 %
AYet A2 Fig, 30l VFEFIQITE. B. licheniformis CY-24 75+2] CMCaseoll thah 243
F43] &/d0] ot 7] Al&ste] 60°ColA] 2 th &S B O M, PGaseoll That &2 4°C &
& oA FE] HAFA 0 2 455to] 60°CollA] Ao EA42 Blom 70°C A&E = A
QUL o] At o] HA vz o] 27dhaet S E E ARHA] 55-65°C 7HA] &7t
ol we} n| g 4 3t oA o & g3t & Zlojakal AYZHET Lee 54019] Aol

¢
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63 Bacillus tequilensis HQ223107

- _|;Ilus subtilis AJ276351
100 Bacillus atrophaeus AB021181
86!Bacillus mojavensis AB021191

Bacillus amyloliquefaciens FN597644

Isolate CY24
Bacillus licheniformis DSM 13
) EE— Bacillus sonorensis AF302118
3t—Bacillus aerius AJ831843

0.001
Fig. 1. Phylogenetic tree of Bacillus licheniformis CY-24 based on 16S rRNA sequence
similarity. Branching values determined using 1,000 bootstraps. Bar, 1 substitution per 100
nucleotides.

(A) 18 4 (B) 141

14 1.2 A
T 12 4 ]
c c
a 1
8 % 08
- 0.8 A °
S 3 06 4
= 064 K
2
o 044 8 0.4 4
o 0.2 4 02 4

0 - v o 0 - +

4 10 20 30 40 50 60 70 1 2 3 4 5 6 =
Temperature (°C) pH

Fig. 2. Effect of temperatures and pHs on the growth of Bacillus licheniformis CY-24 after
24 hours cultivation. Each graphs show mean =+ standard error of the mean (SEM) of at
least 3 independent experiments performed. (A) Effect of temperatures on the growth of
CY-24. (B) Effect of pHs on the growth of CY-24.

B

Relative activity (%) ~—

o
=1
e
oJ

=
2
Relative activity (%) —

80

Temperature (°C) pH

Fig. 3. Influence of temperatures and pHs on carboxymethyl cellulase (CMCase) and
p-Nitrophenyl-B-D-glucoside (PGase) produced of Bacillus licheniformis CY-24. Each
graphs show mean =+ standard error of the meanfullname (SEM) of at least 3 independent
experiments performed. (A) Influence of temperatures on the enzyme activity of CY-24. (B)
Influence of pHs on the enzyme activity of CY-24.

w2 Bacillus £:01 £6H= 755 45°C 2 55°Col|l A E4EAJ o] QFASHA| 8-2 =W, 65°CoilA]

3t pH2] 72 CMCaseD} PGase T+ B4 5 pH 6.0 7} Hx}A 0 & AF55H) pH 7.0 F-E] 2t
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3Pl ol 3801 15109, Pce] B9 B p 30 9 el R4 e
9ol 2 B LR A2 Slsiei

@)
5 -
7]

g

1
_V,L
i
Mo ©
UE

=40]2.2 G480 9lo] ZujA| == AsA| 2 AFEE 4= 9108 2[38), CMCase?} PGase
of thgt F&o]L PgES Al H 7| 9J5}0] BaCl, CaCl,, CoCl, CuCl, MgCL, MnCl, 652] 24
25 H7eto] EAEdS 2AKSH AE Fig. 400l UEFASITE B. licheniformis CY-24 w52
CMCaseA =40]2 24 49 1 mM 5 mM2] CoCLolM 7 &2 B4S Bt 40|
S Heplom, tiA 2 s mMe] sEol|A2] F40]22 I mM &

= EE} 3H4o] 7”*:‘%] 5 mM MnCl, 5 =A1= 1 mM MnCl, 5= 2242 Z7FA 7T
PGase?] 73-¢- 652 —i— l HE80% o9 =& &/de H 2w, o] F 1 mM CoCl,, 5 mM

N
ol
H

_|
(o))
<
X
o
;
1
£l
rlo
rE m&gL

o
MgCLO] oA 71 =2 242 LRSI
1 mM 5 mM
® s asn B wom s
€ g 100 I BR: BE & & @
2 2 80 4
2 >
® @ 60 4
[ (1]
% % 40
& & 2
p U 4
EDTA CaCl2 MnCI2 CoCl2 BaCl2 CuCl2 MgCl2 EDTA CaCl2 MnCl2 CoCl2 BaCl2 CuCl2 MgCl2
10mM 10mM
CMCase PCase

Fig. 4. Effect of inorganic salts on carboxymethyl cellulase (CMCase) and p-Nitrophenyl-
B-D-glucoside (PGase) produced of CY-24. Each graphs show mean + standard error of
the mean of at least 3 independent experiments performed. 1, CaCl,; 2, MnCl,; 3, CoCl,; 4,
BaCl,; 5, CuCl,; 6, MgCl,. The results are obtained from three replications. a-c: Different
letters are significantly different by Duncan’s multiple range test (p<0.05).

El
o

2 QI o] viAle) el a4 S el 4R S AT dol B Wi
W gA|ol| M 2-35H= Bacillus strain CY-24 %LTE crEE5to] 163 DNA F71A 2 S 53t 5
A3} Bacillus licheniformis= ¥Y& &It} B. licheniformis 2|2 285 22+ 30°C, 2|4 45 pHe
6.001A 71 A&-0] ZFst 71 9151 0™, B. licheniformis CY-24 05+ glycerol, glycogen,
L-arabinose, D-ribose, D-xylose, D-galactose, D-glucose, D-fructose, D-mannose 5-2] A& 2 -8
SHal, G4 S7 2T} esterase, leucine arylamidase, acid phosphatase, 3-glucosidase 50141 43
HH3-S LERAITE CMCase /3 24 50°C, PGase= 60°COllA] 7H axb7}h Sojste|glo
CMCase, PGase 7 4 60°C o ol A e P o] fA == A2 elsigitt. 34029 £

— A= H u°
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o E7H= CoCl, ImMOI|A 7F &40 =& 710 & YERITE B. licheniformis CY-242] S45H4]
E/2 ol 53 o, o] Afjuljol] ARE-E]= B A & APAket= THgol| EA0] 282 H

| W 2713 A3} 2 gol| WG AV} 002 FEABAI0 ZA W] o] thet 7]
ZAER 0|89 4 UL A 02 WHHTE 2T TRt 0B v ] 4 EAgo] thet W
U3t A7} 0| 2ol ATk §-83 AUOE o] § B 4 %S Z OB 2L

B AFE= 5208 S dolEA e 713 3-8 AFLTHA] (PI014361022021)01] 2] 5t 4>
3w AxtZ olof A= Utk
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