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ABSTRACT
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UloolE ke AR5 Ay e gu T 9

Chiting: 744 49z Bgoz Erspy
st biomassZ A N-acetyl-D-glucosamine
(NAG)S p14 Age 7u TZE 3= polymer
24 A5 A4, 239 9za, T Az
oM E9 % AR FH2E 0|27 Sich(1-2),
Chiing 4& 713 Ardo 4 tjgtoz YA E] =)
A2, A4 29 A7) 8] 29 Tagdo] He

t Corresponding Author
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chitingho] Abedd o 2 o453 QIe}(3). E& chi
ing 42 AZHol: Zasiz] ooz S| g o]
Adste chitinased A Apga)s ol sl
ZE 5% AR EXHo2 g 2z SH o}
WA A5 L YA B3 S WA HE o
SEL o434 9rh(4-5). 2z FHZole o
B3 chiting ¥afshe njggsy 3 AR o]
& o] AP EA) chitin £ °|84¢& ¥l
7] #e) $-Eako] ge chiting 94 E2] Yo
ol&stnal she sl Baly) AP =2 Qe
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olF 7hdl chitin ¥ w|AEo] AY4ksl= chiti-
nase?| A4kol] i3l FAlo] Fo}z|H A chitinasedl]
gt Q77 @43] AYE sich. g3 chitinase
= tjBE inducible enzyme o 24 7]A Hrld] <
# A F=sed E42A chitin Ealo AA A}
£3AY, #F AF o3 AE #HAA AMEE
BHA| S Aol o] 8= U(6-7).

Chitinase® MAsl= v|YEE = Serratia(8-9),
Pseudomonas(10), Aeromonas, Enterococcus, Bacil
lus 59 AlF(11)3} Streptomyces 59 wHAdT
(12), Tricoderma, Aspergillus 9 APF(13) 2
2la Saccharomyces 52 TR (14) Fo] &&A )
om, AEAY YAFE, AFF, FFF oAM=
chitinase §o] £A3l= o2 E1s3 QIh(15).
22} chitin E4¢ #4384 chitinase® Ay
Ho g 4317 sl WA chitinased| AY4hs
o] ¥ ¢F9 w47 A4y FFo g A
Zatol} £ ety ME % M F F
EgHql A FA o] ozt

29 chitin 28 Sl FY dAF= EF
39 WAl StreptomycesE Ao E AAFHT
gJor} o]E vt F-F = chitinase Al o] Ser
ratia Aol wld 108 A= F& FAo] ole A
o] wHh(16-17). olzF A+ ZAIYE EfE
chitin &3 n|AE 9 chitinase] A4 &4 3
g AF% ks APsH chitin £lFE o83t
of chitin H7]E& AEFH 2 He|sh= Wil Eol
A2 9ot T ollA= chitinasedl] 3 37
7} wlulEie] AEFFAA e Aabse A A
71E& o438k X3l 9le chitinased] HE &
ofo B9 &4 g A7y} B3 AAo|th(18-
19).

a2 £ dFMe 132 chitinased Y433}
£ IFE EcA Bslo ol & 4F F
chitin ¥8l5o] ¥+ #F7& AHsq &3 45
o] Ae, A3A 54 F& FASE chitinased
o] 43k Al B4 HE FY Fo2Y $4E
Ag 7lxAe A+ AFE AFsluxt g,

ME 9 gy

iR = W 3R v

Chitinase A4 752 2|9} wfefo] AHEF &
24 sjR| 9] 2AE ZRHS$ 149 chitin(purified
powder chitin from crab shell, Sigma) 1.2g, yeast
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extract 0.5g, tryptone 1.0g, NaCl 1.0g2- %%jo0,
pHE 8002 ZAstgch(s, 8). B WA &
4 vjAel} bacto agar(Difco)E 1.5%(w/v) &
2 Akl AHgstgch. 22 259 Bae 9B
A= LB wiAE AH8-stoirt. LB wix|e) 24e
=z 8 A

ZH4 14 yeast extract 5.0g, tryptone 10g,
NaCl 10g¢ o A3}t

Chitinase MM wFo| 22| ¥ MY

Ad YAZ siere] A EoF A8F EedeE
8o chitinase HAFL 2ej3lgct. A8 1gg 3
3le] 100mle) saline buffer(0.85% NaCl)d] 3]
sled vortex mixerZ &4 Eisted 308 Eof #
gl nljokal & etel 10000 & AA chitino] g5
g 2elg d4a wiA] 50mlyp T AL Zajasm
of A& F 7Ad7 A" vk F 4 FejrmR
5 okl 1000 A A3t L4 A wiA ol
= HE:sa 30°ClA 547t wiekstH A colony
FHo) clear zoneg YAsle FFF 132 Fel5)
9ch(4, 8, 24). o}E TF F clear zoned A
colonyE #3te] AA chitine] - A wfj=|o|
picking&}ed clear zone ¥¥Ado] 7}A 3T A=FH
colony & AlHste] Eejg wiz|o] 2F HF5te o
£ 7k chitinase activity?} 7} 948 FF&
2Z Adsddd. ¥H FA] dFEE Serratia
marcescens ATCC 27117¢ FAHLTAF 4ol B
o} AH43}5ic).

g2| 279 5%

¥ 339 Yo 4L 3Y 9] 39

sf 21} MacConkey iAol A prodigiosin A4 A
4 57E 2R, LEHL B4 ¢H A
o] A stab cultureste] Zalstgic}. HE AdE F
7o 4 4884 24¢ 2A ¥ Bergey's
manual of systematic bacteriology(19), Microbio-
logical method(20) 5ol 7|& Wl odebd F
F TAE TYsch =3 LY 5HE HF
galstz] s Al F21 APIKitE #aisto] 214
&t

2712 S5t Y HAH Uy

2e] 239 dE 9 17 §71% 53 458
oprr] fiste] 2Aze §71%¢ elg WA
L0% (w/v) 2 Wrste] 29 ¢ 2419
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fa

g 22 FF A ARE gotrr] 93t
2y FFEE L8 A Al A e
7742 wijekgt o3& ampicillin, chloramphenicol,
tetracycline, kanamycin, streptomycin, neomycin
€ A4 s A1 oF LB A4k wfA|d
HFsto] 48217k vlokgt o5 wikd o] T Ao
of iz} A WA 75 ZAstct

o},
o

R

18

2o 39 ME EMof| o2 chitinase AN

2 59 4% B4 ©E A chitinase 4
g dolrr] 3t 2= Y pHO Hsle] w2
Al Z 44743 chitinase A4S ZAP3Isch A4 £
L wiAY 2EE 20C~37C Alole AHAZ 7H
AL A 2% wE Fo| Az} chitinase
AL vlwstely, pHel @& o A&} chiti-
nase A4S dopr 7| 3te] Ful wix|d Ha
0.5 N-HCI3 0.5 N-NaOHE A}&-3hef wjorods] x
7] pHE 3.0~10.022 ZA3toy F2 AAa chi-
tinase A& ZTABIGCH22). F9 F4d 4=
AL AL A= “H“?’P 3 Z7he] wjoki S st
o 3000rpmell4 5&7F YL £ 44 chi-
ting ]7—]3}-_7_ A]-‘:o}]_,] FSEE 660nmolA] 3
¢ A (Hewlett Packard, HP 8452A UV)E o|&
sho] ZA8lc}. wak oA A2 HH 2o} pH
oA 2= FF9 vk At o2 Ak F43 chi-
tinase 444 % pH #H3}E L&z wjoF7](Hoong A
engineering, Model HDF-300) ol| 4 ZA}3}4ict.

HT T

l

A

Chitinase MA &4

H=E FFE colloidal chitino] g% ujz]o] A
g & ubsAIZEe] 3ol w2 chitinase A4S
Abstgdet. ekl 1.6mlE 3,000rpmol|4] 5E7F
] Al B 2]g & colloidal chiting A Astz QA
g F 42 A5d 1.5mlE 15,000rpmeo 2 1587F
2 %!*J%EIEM 45 4E chitinase 4ol o]-&
392, harvesting® ZHE Lowry(21) %d|
oje @9 el AMEsHch. Chitinase WAS
Miller(22) #He H¥ste] g3kt S 459
30044 ©| 0.5% phosphoric acid7} 3% colloidal
chitin 5004 ¢+ DNS(dinitrosalicylic acid) £
750 & 30°CelA 1417 A= wiodgk ¥ 100°C
FzxolA 107 7+g3ta o] Hk-$4& 15,000rpm
4] 1087 ws*-a]a};z AEole] ks DNS
B"H,j © 2 550nm EFF5E A=ksto chitinase A
2. N-acetyl-D- glucosamme(NAG)ﬁ} Bjmate] =
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Akslgdt. Sodium sulfides Abs}E WhA|3t7] 93}
o] chitinase A4 &4 AAMo| Hrlstd xre-sad
o

Colloidal chitin &=

Chitin® $42% e s dddt 72& 7lx2
A7) gl Aot o 4o Fbol o3 A
) 5A ¢t=ck. 2282 chitin A7} Serratia
£9] ujAEo o] &57] Y= colloidal chiting
Azsho} Brgo2 olbshe Ao| Heh Haalol
th(8, 14). 22|2& colloidal chiting A Z&}7] ¢
# 4= A crude chitin 100g< HCI 2 ¢ o) 7}3}
of 4CellA] 48417 kel AF HEE o] 43}
glass wool filterel] oJ3}a}eic}. ol ofHe 4C 2
Eo] myksle] Mo colloidal chitine] AA=H

AE2g ¥ 5N-NaOHEZ 3HEf F3}ste] pHE
12 2Ado FRTE 'ril ARsta o 3 AR
Zate] dojzl AHES 40ColA 2447t Az
% colloidal chitine & A}%—?’S}ﬁt}.

A% 9 13

Chitinase MAH 232 22| 4 Myt

A 22 AZEHE chiting 33 Al e
2lEtr] $sthe 12% chitino] ¢4 ¥4 A
w2l E2] 55 FA=Le B2 FF s
chitino] —faﬂiloi chitinase7} YA =EHA clear
zones Yelle FFE 1AE 28t} Clear
zones YelE 13} 3] 45§ 214 A A
of pickings}ed 57t ujekgl & clear zone #Alo)
7} zat A9EE colonyE chitine] £g® Baja
HAF vz oA 547 wiekgk & chitinase activity
£ z4}ste] chitinase AAdo] 71 48 IMS- 3
F At E 979 EB] 52 AAs.

3o 27 4 3

$2) 35 M2 Fud, Held 2 gsed 5
A& zARste] Table 1] el el IME 9719
+EAE 2 37 2 WA g er 4cy
42°CollA A&3tA $n EAE YA de
Gram $4 ToZ gelatin g5 & EAfsht
strach #4852 17, catalase’} ¢kA, oxidase:
$4, citratex &4, nitrate reduction® %A, in-
dole teste &A4°|4ich. Methyl red ¥hg-2 &4,
VP uhg-2 okatA Jeltom, HS 44 K/Ao)
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Table 1. Morphological and biochemical charac-
teristics of the isolated strain JM.

Strain ™ Serratia marcescers

Characteristics ATCC 27117

Morphological characteristics
shape short rod rod

cell size(4m) .| 04~08 02~14

motility + +

gram stain - -
spore stain - -

Cultural characteristics
colony color on nutrient agar red red
colony color on MacConkey agar red red
growth at 4C - -

at42°C - -

Biochemical characteristics
aerobic growth
anaerobic growth
hydrolysis of gelatin
hydrolysis of starch
catalase test

L+ 1+ 4+

oxidase test

citrate test

nitrate reduction test
indole test
voges~proskauer test

L+ 0+ 4 1+ 1+ + +

+ 1+

methy| red test
H.S production K/A K/A
Glycolysis test
gloucose
maltose
sucrose

I+ + +
o+ o+ o+

lactose

9ga, 3 E&85& glucose, maltose, sucrose:
Ao} lactoser= &Ajo]gitt. Table 19 e}
7 7o} ZA| FF9) Serratic marcescens ATCC
271175} 42 AER A3} Yefey, Yol @ A
38 B4 2 citrate test$ A 9stus TF 2
54 Jehiigid. ol2fg 23§ EE Bergey's
manual of systematic bacteriology(19), Microbio-
logical method(20) S| 7|&d +5F 7Fd g}
28 d5% Serratic = 1 AT R FA34

o

Y, o2

Serratia -3 F Serratic marcesensd] A4
nutrient ¥jZv} MacConkey sjXjol4] £& 49
prodigiosin A48 AAIs}, catalase test= %A
& eldlit}. Prodigiosin® Serratic marcescens®)
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22} A} A2 329 Serratia marcescenss-<
A9 tripyrrole 2% e & 49 prodigi-
osin( 2-methyl-3-amyl-6-methoxy-pyrodiosen ) &
YARHH(7, 23). wkebA] prodigiosin H49] A&
galstzl fzte #2 #F< JM$E nutrient )|
1+ MacConkey wiz|oll wiofs} & As} &2 #Fq
IME o] wiz]elA] A AAste] AAA] wiz] ol
A3} lactoser= FulEtA] E5td=|qt prodigio-
sin 45 AASER wix] W colonys #& A
£ qd4 A =22 prodigiosin B4 AAd o)
golxela, catalase testo| AT ofA o3 by
o} o) AAEENE EF #F IML serratia
2 FA5o ) AlH 52 APIKit $ Gram &
A9l rod typed FHE 4 U= API 20E KitE 2}
3t JMe| A, Assty EAL 2AR 3
API 20E Analytical Porfile Indexol} ¢j#fjx] B33k
As} B8] 759l IMo] Serratia sp.2 =] &
2 #F5 HEHo 2 Serratia sp. JMo g s}

22| #F2l Serratia sp. IM2| Chitinase 244

8] g5 Serratia sp. IME o]&ste] A
chitine] £&3% g3 wjA| |4 chitinase WAL &
ol#) ®sglth. Chitinasex chitinol] &3 T 5o
Huls = gle] 7] gfFel chiting Ealste o)A
Eol 9j&] chitinase§ A|ZH o¥2 HujsiA &
t}. atebq A4 chitino] TEH A w4 chi-
tin £& 7571 E8|3H= chitinases] 28] chitin
o] E#=le] clear zoneo] HASA Hc}. =2
£ A7l LB wiz|o|4 k2t single colonyql
Serratia sp. IM HE d5FE 1.2% chitine] X
w24 si Aol pickingdle] 547t wiFgt ¥ chiti-
nase A% &t Fig. 1o Jeluigict. Fig. 1
of vjebdl wje} el chitin wiA]el picking o] 2}
2 Serratia: chiting £33} chitinase® A4
394 clear zoneE ¥AsHA HoE Fa FF4
Serratia sp. JM3} Serratic marcesens ATCC
271170] chitinase® AAstE FFYE HF 4
& 5 Al

7712 S8t ¥ gMH Y

Serratia sp. IM& FA] &5 Serratia marce-
scens ATCC 271173 vt §7|% 53 455
ZA % Table 20 vhehjo] w]Za & 23k, suc

cinic, urea ¥ pyruvicAte A 9J3tnE o|F FF9
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Table 2. Assimilation of organic compounds by
the isolated Serratia sp. IM.

Strain . Serratia marcescens
Serratia sp. M |y rec oy

+

Substrate

proline
succinic
glycine
L-glutamate
maltose
DL-phenylalanine
biotin
arabinose
leucine
isoleucine
serine

I

tryptophane
urea

ribose
glucose

sucrose
mannitol

T T I T T e

+ 4+ + o+

tryptone
oxalate

|
+

pyruvate
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Table 3. Susceptibility of the isolated Serratia sp.
JM. to antibiotics.

Fig. 1. Formation of clear zone(») by Sermta.
Serratia was cultured at 30C for 5 days
containing 1.2% chitin medium. (A): Serra-
tia sp. M. (B):Serratia marcescens ATCC
27117,

F71% e A AR e RoFgd =
g FYA WA S FAkste] Table 39 vehd A3}

- Strain Serratia sp. M Serratia marcescens
Antibiotics ATCC 27117
ampicillin 504 - -

10044 - -
kanamycin 5014 - +
10044 - -
streptomycin 5014 + —
10044 + —
tetracyclin 254 + +
5044 + +
chloramphenicol 5044 — -
10044 - -
neomycin 444 + —
12814 - -

Serratia sp. JM& tetracycline®} streptomycinel]
Qs WS 7kxz 9Jgler), neomycinols
op7re} WiAdeE uebytth. wlw FFQ Serratia
marcescens ATCC 27117-& tetracyclineol] o 8} A]
= YAE 7Rz dgle}, kanamycinoll: kgl
WAdo] Jebych =&k Serratia sp. M3} Serratia
marcescens ATCC 27117& ampicillin®} chloram-
phenicolol= 77t Wdo] e A] astet. ol 7
Fo| A WA 9 Abol= d 22 chitinased =
AAksl7] ¢ate] 22d gene cloningd] 7]2A<l
AEE AT ool Sag AgA Ax7t 2 A
o]},

e &7| pHofl mE ME 4% Y chitinase
A

AZ Aol a2 chitinase Y47 34 pHE &
obu7] 95t @7 0.5 N-NaOHs} 0.5 N-HCI
Z A}8-3lo] wjeklle] x7) pHE 3.0~10.0202 =
Asl1 1.5% colloidal chitino] g% 2a]8 At
B x]of] £ whokd 1.2% (v/v)E AHE3t 30°TCAA
3947k Aek wiokgt oh5 27] pHell 032 A2 4%
I} chitinase A& Fig. 29 Yehigict. Fig. 2¢f
Ueld X" Serratia sp. M pH 6~7 Alo]d
A AZ o] st HA pHe 622 e
ot ol= dubA o & Serratia marcescenst Ber-
gey’s manual of systematic bacteriology(19) 2
Monreal# Reese(8)7} Bw3dl AE Azbe] A
pH 758 c&= AH4 AFE 9ok =3 Fig. 24
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2.0 .

05 ~
O Chitinase activity(O.D. 550nm)
4 Cell density(O.D. 660nm)

0.0

pH

Fig. 2. Effect of initial pH on the chitinase
activity(0) and cell density(¥). Serratia
sp. JM. was cultured by the shaking incu-
bator at 30°C for 3 days.

vtebd nle} zFo] chitinase A& pH 7~8 A}o]
A4 2 Y& o] F9x A chitinase B4
pHE 752 yepytr}.

o]9] A#= McCormack 5(24)¢] 218 Tala
romyces emersonii®] ol chitinase A4 & pH
5.0~558c}tE 9d7]Adolgl et Monreal®t Reese
(8)7} Serratia marcescens, Joshi 5(16)¢] Strep
tomycesS- o443 A chitinase YA pHE= 7.73
8olgts Mo} fAgHE BojFgct.

=0 e MZ M% Y Chitinase A4

Chiting  o]gE s Ef=EEs FAol4
chitinaser} A HEZ ujof 5o o AT A7
3} chitinase A4S 1.5% chitino] Z3ts Halg
QA iAol E wjeked 1.2%(v/v)E HFsT 2
7] pHE 72 =4g o8 20C~37C A}ol& AA
g Ao 2 zA4ste] 3UTL ek vioky ofg wfol
X0 @2 A E XA} chitinase 42 Fig. 30l
veligic}. Fig. 3o Yebd ZAX= Serratia sp.
IME 30C~37CellA A Aol $439x, 3
A wF 2= 30CE Yehdtt. o]9 A= Ser
ratia marcescens+ Bergey’s manual of systematic
bacteriology (19) ol #letgh vle} zbo] = aljof &
=7t 30Ceke Baet dX3tn gk =& Serra-
tia sp. JM 2} chitinase A4l 9loi4] ik &% 9
3%& Fig. 30 bebdl upe} o] Hoj chitinase
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2.0 T T T T 2.0

"/\\

// \ .

0.5 N <405
O Chitinase activity(Q.D. 550nm)

4 Cell density(Q.D. 660nm)

0.0 L 1 L 1 0.0
15 20 25 30 35 40

Temperature('C)

Fig. 3. Effect of temperature on the chitinase
activity(0) and cell density(¥). Serratia
sp. JM. was cultured by the shaking incu-
bator at pH 7 for 3 days.

AL 25T~35C Atolo]i HA chitinase A
<+E+= 30CE velyrl. ol= Monreals} Reese
(8)7} Serratia marcescens A chitinase 44 &
EE 30Cee X9 dxstz gtk

B AlZtol w2 ME AZED} Chitinase AHA0||
e pH s}

2t AejAo] A5k HRE chiting e-chitin
o2 Fab aolel 7 £4AFE A AT
TEE Zo 57 ¢87] dFol] B4} wfR|o A i
i A2 EAsA S gebx Az )
B o7 FRTo A7 FAY SHo] Erlssly)
wFell colloidal chiting A At & gzl oko 2
9] 438 gelgit

50 8ol Wt =d 1.5% colloidal chitine]
e 309 El4 iAo ¥x pH 73 30°C o4
27 ZHE AY F7E 2vwmoE FolslwA
Serratia sp. JM9] wfok A)7tel| W& AAT A
chitinase A4 % pH ®3}E Fig. 40l Jeljgic).
Fig. 4ol vtehd Z1X3 Serratia sp. M} F9] A
& vl 24~48A17kl i A7)l olzy F
A3tA F7Vstd ot 28] FFo 93 chitinase A
A& A9 vehda] kst 2 wiok 1204747}
Al chitinase A4 FA4Z 718 Rojor} o
AL 96417 ol AAH7)o =alsdnt. wiok 964

L e
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2.1 T T T T T 7 T 14

1.8 12

1.5 - 10

1.2 - 8

N

0.9 46

0.6 / 4 4
< pH

0.3 - / ® Protein concentration 42
O Chitinase activity(Q.D. 550nm)

[ d
0.0 I i . L 1 L 0

0 24 48 72 96 120 144 168 192

Incubation time(hr)

Fig. 4. Time course of the chitinase activity(0),
protein concentration(®) and change of
pH(2). Serratia sp. IM. was cultured by
the fermenter at pH 7.0 and 30C for 7
days.

7b ol& Fo] AR Ao E9slgl o, chiti-
nase AL wloF 120417k o] % HAR A,
vjok % F chAlo] T8l Serrgtia sp. Mol &5l
chitine] £3) =] colloidal chitin Jz} 2717} ZA)
Aoses o F ok o} Robertset
Selitrennikoff(12) % Cabib(14)7} ¥.123} Serra-
tia marcescensel] 2|+ Hd| chitinase FA 244 2|7}k
Ho AE AA 19647k, Monreal®} Reese(8)7}
B 73 Serratia marcescens FHtH chitinase A<l
14447 8} &5 AgS vepolch =g wiok
A17ke] Zztel w2 pH W3k 7] pH 7914 120
AzkRE pH7E AL F7bsicrh 1204170 o] &
pHE ohA] 2hadta gle-& 2o Foch. vk 27
pH7} 27t Z7lsicds) ol pH7b 24 olf—
colloidal chiting Z#g A& wix] Well4] Serratia
sp. JMeo| acid®} ammoniad A4AF7| wEo|c}.
Z  Serratia sp. JMe| colloidal chiting- deace-
tylasedt7] W&o} colloidal chitin® Z%E acetic
acid7} W&se] pH #H3E 7oA = ols
McCormack =(24)3 Monreal®} Reese(8)7} X
28 A9} fAEE & 5 ok &3 Serratia sp.
IJME chiting =24 wiAlol] ArjstA] & A¢
chitinase AAo] ¢ldo w2 Serratia sp. JMo| A
Abel= chitinase= inducible enzyme & & 4= ¢}

Korean J. Biotechnol. Bioeng.

Ar}t. o]= Berger9} Reynolds(25) % Skujins
E(17)9] Streptomycestt Yabuki 5(18)& Aero
monas7} AJAtEHE chitinases §& EA4de B3

o dAsT Yok
2 o

A HAE sioke] A A S 25 chitinase A
A FFE Estgden, 238 FF FolA chiti-
nase 4450l +5% IME AY FAsY Serre
tia sp. Mo 2 "HHsteict. Serratia sp. M2 nu-
trient ¥} 21} MacConkey vj=]ellA prodigiosin 4
2% AAs, AA chitino] ZZR A sfA]ell A
L chitinase AJAddl} o} clear zone 3Ajo] Ealx
och. Serratia sp. M e, Alg] - Ased &
A3 £71% E3= succinic, urea @ pyruvic 4t
S AYstae FA| dF< Serratia marcescens
ATCC 2711734 $-Akst4gd o, tetracycline] o
Ae FAgA i WAdE AT Ao,
kanamycin®} chloramphenicold] ™sjx= WAL
7}A A skokeh. Serratia sp. IM 2] chitinase A A3l
o2 HHdere pHE 30Ce 7532 ey
Serratia sp. ML 120|177} A= wfjek A7ko} 7}
goll 2} chitinase 443} pHe A2 F715H4le
Y, ek 12047} o]F ol chitin 3ol w2 ace-
tic acid®] 23|} wlz} chitinase A3} pHE 74
&l

Fai+d
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