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The Development of Expression Process Leading to Ethanol Production
with Highly Active Cellulase Modified by Directed Evolution
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Although Energy demands of modern society increase rapidly, curent energy would be exhausted shortly. Therefore
development of bio-ethanol production process from cellulose containing materials was extremly demanded. Therefore
development of highly functional cellulase is requisite for this purpose. In this study cellobio-hydrolase (CBH1) gene from
Trichorderma reesei was used to increase cellulase activity by directed evolution and highly functional cellobio-hydrolase was

obtained and characterized.
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Cellobiohydrolase (CBH) | X A}9| &ty

Cellobiohydrolase (CBH) I §-#A#}2] &5 += CBH 1 &4
A} cellulase AAVH-FQ Trichoderma reesei® W)k, A3}
I BA ALE o|g3te MIETE 43Tt RNA prep
kit§ ©]83lo] s E celldjAq] RNAS ¢9lon, RT-PCR
kitE ©]8-3t} CBH I genes 443ttt

CBH | & XA} cloning

CBH 1 #7#A cloning® RT-PCRo|A A& CBH 1
fragmentE 5°, 3’ primerE ©]8-38}« PCR3H I PCR
productE Xba I3} Sal I A3 g4 2 X3 T 23wl gl
pYGALSY] cloning3} 93 th.

CBH | CHa w3

AZEE WEH 9P YU =98 AT MY
7} #13td glucose 20 g/L, yeast nitrogen base (YNB) 6.7
g/L, amino acid 200 mg/L (histine A 7})7} £&%H HAu]A
oA XS HEZ SHE 4 755 v H T H)
A F oA Bz A s et SAIE 33 WEsly
HE 7 AR Fez S04 5 A5

Houj R W gE B3l ol FFE9 wEF el
= A% 7I2AR 4 AFE A3t ETEaa ugS
APt F=d, AT 2 500 mlY baffled flaskES o] &
Sk 100 mie] wjAlo] HrmANA HelY FEZ PE
Sk 3 250 rpmo] ek y|o A AASFGT) S cerevisiae
GAL promoter W X|Z AL yeast extract 20 g/L, glucose 20
g/L, galactose 30 g/LE A}&3}4c)

CBH | 242 StlAZ|7] ¥st 2XEIs uy Jjju

2 AP A emrorsS Fo|7] Yt AFESE PCR ZFA
< CBH I template (plasmid %+ PCR product), 10 X
mutagenic buffer (70 mM MgCl,, 500 mM KCl, 100 mM
Tris-HCl (pH 8.3), 0.1% gelatin), 10 X dNTP (2 mM dGTP,
2 mMdATP, 10 mM dCTP, 10 mM dTTP), Z}Z} 30 pmol <]
primer, MnCly, Tag polymerase 5 US 231 PCRE 4283}
Att.

Error prone PCRE 353} A H cellulase ol E o
4282 T}A] DNA shufflingS 43938tk A E cellulase
HolAol A dojW CBH I frdAE 22 DNA 4oz &
¥ % 10 X digestion buffer (500 mM Tris-HCl (pH7.4), 100
mM MnCl)9} DNasel 0.2 unit& 231 15CA 1087+ A
2]sle] 100 bp ©]&}e] ZZS WHEIL agarose gelE A,
AR FH, BAY FHA 24EE Pfu polymerase
£ °]&3] primer §l°o] PCR3}Y -FHASS reassembly
3l 9T} Reassembly Z7-& A AE DNA fragment, 10 X
Pfu buffer, 0.4 mM dNTP, 1.25 unit Pfu polymeraseE &3
£ 96°C 2min, 60cycles (94C 1 min, 55C 1 min, 72T 1
min + 5 sfcycle), 72T 10 min® & 3} T} Reassemblys}o]
dolzl DNAE templateE 3}o] 5°, 3° primerE 23 U}A
PCRE 3} shuffling® CBH I FdxE A9t de

CBH 1 $AAE Wy 9Eo AU &Fo) trans-
formationd}s] ©] -8 T}A| screeningd}t$it.

CBH | tHo|x||2] screening Bt Jjjdt

Trypan blue G20 ol 2}3k cellulose ¥ o] preliminary
screening CBH 19] &A1& E4317] ¢8)4 modified trypan
blue WIS HAxZ7No 2 JfAstHor, 4o ALEH
o] ZFAL 1.0% CMC (carboxymethyl cellulose) pH 4.5,
20% agarg ARE3TH /NAHE a-857%< trypan blue HF
screening *HHE O3 2T} Scerevisiae Y2805 (GAL
promoter) original CBHI Y& 5% error-prone PCR¥}
DNA shuffling B}]-& ©]-83ld 3} cellulase o)A CBH
[ 38 4FF YDG (YE 2%, glucose 2%, galactose 3%)
B X & A&t 96 well plated]] 30T, 250 rpmO.& 5U7H
Hjokdle] B A7l A5 A-E samplingsta] 1.0% CMC agar
o] trypan blue solution (Sodium chloride 0.81%, Potassium
phosphate dibasic 0.06%, Trypan blue 0.4%)°.2 5E 5ot &
AL 331, 3 M sodium chloride® 15552t destaining 3F
Haeof, 20 WANE Hojmgal 45TCol A 4A7F 7hg-& A
21 3 AAAE clear zones ZA 3T

DNS (Dinitrosalicylic Acid) S¢3 ZSAHYo| g
cellulase WM o|H| confirm test= CBH 12| #A).& R-A35}7)
A& A trypan blue HI screeming WHOZE 1x AEH

=

cellulase W o|#|E DNS (Dinitrosalicylic Acid)E ©]-8-3}
cellulose 38 AL =A3}Yt:. DNS solution®] A&
Dinitrosalicylic acid 1%, Phenol 0.2%, Sodium sulfite 0.05%,
Sodium hydroxide 1%¢]1, 1.0% CMC (pH 4.5) 0.5 ml9]
sample 0.5 mlg addingdld 1AI7HESE 45C oA ¥H-gA] 7]
% DNS solution 3 ml& &7}t 90CAA 1587 ¥FL2A
7 T 550 nmolA FFEE SASAC ol g o
2702 cellulose thAlel DWE 7|2 = 0.5 mlo] sample
05 mlg #H7lsld 99 2 WHoE FATE SHIH
I, DNSHo| 93} celluloseF3] &4Jo] H=L& cellulase 1 0]
AE A¥shes WHeE AEstyTh

CBH | MAt Z X Lab-scaleOfjA] =& s§

S LOgEIE olgse Ly We AU
C/N source H|-&©]| 3/2¢l feeding solutiong peristalic pump
9} feeding program-S ©}83}a] specific growth rate (W)=
0.1 ht'2 $x3WA pH 5~55, ¥YL&% 30C, 600 rpm
oj A OD. 907tA] AJA3F 3§ expression stage$! glucose,
galactose”} F-F3H feeding solution® Z shiftdto] specific
growth rate (W)= 0.07 hr' 2 SR8

CBH | MM ZHM scale-up

5L FRAAN 88 2 fedbatch L& FAHS 300 L
2 scale-updtd A &3}t Fed-batch WHH L 2-stage HH
o2 27| growth F-7hol| M+ glucose, YERF 7}X| 1L growth
Sl 5 expression +7Fol|A] galactose, glucose, YEZ change
sl AE-S ¥ vl 214E pH 5.0~55, 2% 30T,
D.O. 10%S § A3t PPk 7)o C/N ratio7} 3/2
9] feeding solution2- feeding program-2 ©|-&3}<] specific
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growth rate ()& 0.1 hr' 2 §X3HA 150 pmolA O.D.
25077} 2} growth3l 3 expression stageol galactose®. C-source
shift3t] H= O.D. 28071 %) fed-batch® 233} 9c}. 300 L
Fermentero} 4] % 7] working volume& 150 Lo 2 Zujjokol
ol 5%7t HA AulFAe AEHA HER F oF 184
ZH AE 2¢k & 0D, 7 AL A] fermenter D.O. K Ho] A
A 09 7VA Hoi7) glucose’t nAEAA D.OTF Abs
31A ®r}. o|ujBE] fermenter growth feedingo] S o7}
Hed 27 Y@ 06, uzkS 012 feedingdl Tt} growth
stage O.D. 2509 A expression stage¥® change3d}A] %o o]
) Y2 0.6, u7kS 0.09% feeding3d} g th.

- fermenter & 7] batch &7

Yeast extract 2%, glucose 2%,

- fermenter fed-batch growth stage feeding solution =43

( C (Yeast extract) / N (Glucose) H]-& 3 : 2)

- fermenter fed-batch expression stage feeding solution Z= 4]

( glucose : galactose : YE =3 :3:35)

CBH | Ix| 2H x5

- fed-batch fermentation®. 2 &3l A|E
20000 xgol A 087 ARAFA FS5AS Hshaoh
w2o 2oz AdFedtel A% ASAL 10,000
molecular weight cut-off membrane-g& ©]8-3f 20nj
A

- ol8A FEHR AEHS T1 dialysis membrane
MWCO 3,500-2 ©]|£-3} 10 mM acetate buffer, pH 5.02
2 47T cold chambero] A wwFH3}H A bufferE 23] w3Hs}
of FHA overnight &3t DNS U SRl 3
7h He E4E AASIIT

- 10 mM acetate buffer, pH 5.00.2 S 33}H Sephadex
G-50-2 =A% column (5 x 50 cm)& o]L3ld K& 45
ml/h= 4Tl 4] gel filtration chromatographyS 4335} G T}
DNS &g SAHA o3 &4go] #¥ fractiong 3
AT

- gel filtration chromatographyol A} &AJo] &Qis o] 43
¥ sampleS 4T cold chamberox] HE £3F %27} 80%
7} =4 Ammonium sulfate ((NHy):S00)E FA ] A1 A
Ammonium sulfateE 3057+ A3 718l A A3 wHkL

r”l

A 948 Pakgt olF 200 59 au maw
of @AS HAAZ F 4T 20,000 xgoll A 30%7H P4
ol HAE ddE 10 mM acetate buffer, pH 5.0
S gds sAnh

- o272l AR F9 A9 AA}S Aste] T1

dialysis membrane MWCO 3,500 ©|-83le] 10 mM acetate
buffer, pH 5.0©.2 47T cold chamberol] A w¥F3}H A buffer
€ 23] w3l FHA overnight ¥ G353

- 10 mM acetate buffer, pH 5002 ¥ 3 3l¥ DEAE FF
columng- ©]-83}4d Elution buffer® A}7]9] buffero]] NaCle)
TEE 0~03 ME F=4 &&3te] DNS #99 &4
Hol| 93] &AJo] HQ fractiond FH3tH ).

- T1 dialysis membrane MWCO 3,500& o] &3}l 10 mM
acetate buffer, pH 5.02.2 47T cold chambero] A wWH3}H
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Cellobiohydrolase (CBH) | & Xxle] =gt

CBH 9] o3} #3= MEH ofu| =i L& Fig. 1, 2
9} 2y BwE2 FAE AR I ojluxi Hd
CBH 1¢] active site©]| T}

ATGTATCGGAAGTTGGCCGTCATCACGGCCTTCTTGGCCACAGCTCGTGCTC
AGTCGGCCTGCACTCTCCAATCGGAGACTCACCCGCCTCTGACATGGCAGAA
ATGCTCGTCTGGTGGCACTTGCACTCAACAGACAGGCTCCGTGGTCATCGAC
GCCAACTGGCGCTGGACTCACGCTACGAACAGCAGCACGAACTGCTACGAT
GGCAACACTTGGAGCTCGACCCTATGTCCTGACAACGAGACCTGCGCGAAGA
ACTGCTGTCTGGACGGTGCCGCCTACGCGTCCACGTACGGAGTTACCACGAG
CGGTAACAGCCTCTCCATTGGCTTTGTCACCCAGTCTGCGCAGAAGAACGTT
GGCGCTCGCCTTTACCTTATGGCGAGCGACACGACCTACCAGGAATTCACCC
TGCTTGGCAACGAGTTCTCTTTCGATGTTGATGTTTCGCAGCTGCCGTGCGGC
TTGAACGGAGCTCTCTACTTCGTGTCCATGGACGCGGATGGTGGCGTGAGCA
AGTATCCCACCAACAACGCTGGCGCCAAGTACGGCACGGGGTACTGTGACA
GCCAGTGTCCCCGCGATCTGAAGTTCATCAATGGCCAGGCCAACGTTGAGGG
CTGGGAGCCGTCATCCAACAACGCAAACACGGGCATTGGAGGACACGGAAG
CTGCTGCTCTGAGATGGATATCTGGGAGGCCAACTCCATCTCCGAGGCTCTT
ACCCCCCACCCTTGCACGACTGTCGGCCAGGAGATCTGCGAGGGTGATGGGT
GCGGCGGAACTTACTCCGATAACAGATATGGCGGCACTTGCGATCCCGATGG
CTGCGACTGGAACCCATACCGCCTGGGCAACACCAGCTTCTACGGCCCTGGC
TCAAGCTTTACCCTCGATACCACCAAGAAATTGACCGTTGTCACCCAGTTCG
AGACGTCGGGTGCCATCAACCGATACTATGTCCAGAATGGCGTCACTTTCCA
GCAGCCCAACGCCGAGCTTGGTAGTTACTCTGGCAACGAGCTCAACGATGAT
TACTGCACAGCTGAGGAGACAGAATTCGGCGGATCTCTTTCTCAGACAAGGG
CGGCCTGACTCAGTTCAAGAAGGCTACCTCTGGCGGCATGGTTCTGGTCATG
AGTCTGTGGGATGATTACTACGCCAACATGCTGTGGCTGGACTCCACCTACC
CGACAAACGAGACCTCCTCCACACCCGGTGCCGTGCGCGGAAGCTGCTCCAC
CAGCTCCGGTGTCCCTGCTCAGGTCGAATCTCAGTCTCCCAACGCCAAGGTC
ACCTTCTCCAACATCAAGTTCGGACCCATTGGCAGCACCGGCAACCCTAGCG
GCGGCAACCCTCCCGGCGGAAACCGTGGCACCACCACCACCCGCCGCCCAG
CCACTACCACTGGAAGCTCTCCCGGACCTACCCAGTCTCACTACGGCCAGTG
CGGCGGTATTGGCTACAGCGGCCCCACGGTCTGCGCCAGCGGCACAACTTGC
CAGGTCCTGAACCCTTACTACTCTCAGTGCCTGTAA

Figure 1. The gene order against the Cellobiohydrolase I (1542 bp).

MYRKLAVISAFLATARAQSACTLQSETHPPLTWQKCSSGGTCTQQTGSVVIDAN
WRWTHATNSSTNCYDGNTWSSTLCPDNETCAKNCCLDGAAYASTYGVTTSGN
SLSIGFVTQSAQKNVGARLYLMASDTTYQEFTLLGNEFSFDVDVSQLPCGLNGA
LYFVSMDADGGVSKYPTNTAGAKYGTGYCDSQCPRDLKFINGQANVEGWEPSS
NNANTGIGGHGSCCSEMDIWEANSISEALTPHPCTTVGQEICEGDGCGGTY SDNR
YGGTCDPDGCDWNPYRLGNTSFYGPGSSFTLDTTKKLTVVTQFETSGAINRYYV
QNGVTFQQPNAELGSYSGNELNDDY CTAEEAEFGGSSFSDK GGLTQFKKATSGG
MVLVMSLWDDY YANMLWLDSTYPTNETSSTPGAVRGSCSTSSGVPAQVESQSP
NAKVTFSNIKFGPIGSTGNPSGGNPPGGNRGTTTTRRPATTTGSSPGPTQSHY GOC
GGIGYSGPTVCASGTTCQVLNPYYSQCL

Figure 2. The amino acids order against the Cellobiohydrolase I (512
amino acid).

CBH | & & cloning

CBH 1 §3A ¢EE = CBH I thil &Aoo} cell ¢JH &
208 4 5 F 3+ pplo] EA%T 98 UhE signal
sequence Y| ¥ ppLE ZAAI}ATE AL primer= T

s 2.

5’-GCTCTAGATAAAAGGATGTATCGGAAGTTGGCCGTC-3’
5’-ACGCGTCGACTTACAGGCACTGAGAGTAGT-3’
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Figure 3. The S. cerevisize expression vector where the CBH I
becomes the cloning.

.4 Cellulase

i
M

12 3 456789 10

Figure 4. Gel analysis of CBH I protein (I: marker, 2: Y2805
cultivation supernatant, 3: galactose induction before cultivation
supernatant, 4~10: after galactose induction time as CBH revelation
supernatant I).

1.6 Kb sy
1.2 kb

F e CBH I error—prone
PCR product

Figure 5. Agarose gel analysis of error-prone PCR CBI gene.

CBH | 42 SUAF|7| st BEAZIS} gh Fjat

CBH I &4 SUA7]7] Y38+ error prone PCRE 4
F3H MnCl, A= o8 =5 A8 screening
< 3 23 02~04 mM A}o]9] MnChLe T2 & A&
Aol 7HE F& AAE 4 & AJAh o] BE emor H
&2 12% ol on, o] w A3} error PCR H A

ZAL 94T, 2 min, 15 cycles (94C, 1 min, 60C, 1 min,
72C, 1 min 40 s), 72°C, 5 min©] 1 t}.

Error prone PCRS %3to} A¥HE cellulase WHolAE thAt
© 2 t}A] DNA shufflingS- 4233} shuffling® CBH I 4
A4S BAE53 & dhg Wi o] AYsty &R transformation

_5_]_0% o] Z']\"% E}A] screeningé}ﬁtk

100 bp

Amplification of reassembled
products ( DNA shuffling)

DNagel digestion reassembly

Figure 6. Each step agarose gel amalysis of the CBH I gene which
uses the DNA shuffling law,

CBH 1 o] A 2] screening
Fig. 7, 82 cellulase ¥ o|A| 389-E3E preliminary screening
g 1ol

Figure 7. Cellulase revertant screening which uses trypan blue dyeing
process.

Original CBH | Prong CBH {revertant Prone CEBH | revertant Prone CEH | revertant
121-D3 228-G¢ 389-E3

Figure 8. Celluase activity measurement comparison of Original CBH
I and prone cellulase revertant 121-D8, 228-G2, 389-E3.

Original CBH [, A¥3¥ CBH I Wo|x| 121-D8, 228-G2,
389-E3, 412-B4, 456-D2¢] 399 B EE Table 19] AT
st ot

Table 1. DNS per reduction the original active comparison of the
CBH 1 which uses the measurement law and CBH I mutation body

Sample | Q1SN 12108 | 228-G2 | 389-E3 | 412-B4 | 456-D2

Cellulase activity
(absotbance 550 nmy| 022 | 035 | 068 | 104 | 106 | 122

nmeremg Ee |00 | 160 | 310 | 470 | 480 | 510
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Tablelo| M= £ 4 Q15| 1A} trypan blue staining] ©.&
MEE  cellulase tHe|Ad 456-D22] cellulose F-3] 24 o]
DNSHOo =& thA] 1% 4 Qlon, L84 /e

original CBH I o)) ¥|&] ¢F 510% Z719 AL 15T

0

2 X1%5= CBH | sequence &4
BAAsE E5le A¥¥ CBH I #Ho]3e] DNAS 3

58t d7IMEE 438t 423 CBH 1 wild type
3 dlwdge W 121-D8Y A-$ WHWAD 9 Er) F
ofml= ko] Wgle) WL F A= 67, 228-G29] AL
HWAE T7RY Bl @97 F olnAite] Wsld 9%s &
A7) 47N, 389-E39] 7 AR 1349 vl |v] F
} v be] WHale] gekS F AU 9, 412-B49] AS

¥ NS vt @97 F olm At Wsld S &
?%71-5— 671, 456-D2¢] ZA-¢- WAHHE 10/]9 nvpd A7) F
obH|:=te] ®Wsle FEAS F Erle Aol wid ¢

7)19} ofpp=4F-S Table 20 el AT}

Table 2. Analysis of the amino acids order which the CBH 1
mutation body is changed

CBH 1
a mutant

The amino acids order which the CBH I mutation body is changed

9 TACG) — S(TCG), 179 N(AAC) — T(ACC), 258 D(GAT) — G(GGT),
313 T(ACG) — K(AAG), 353 T(ACA) — A(GCA), 432 K(AAG) — Q(CAG)

9 TACG) — S(TCG), 179 N(AAC) — T(ACC), 353 T(ACA) — A(GCA),
371 K(AAG) —M(ATG)

9 T(ACG) — S(TCG), 125 LICIT) — P(CCT), 179 N(AAC) — T(ACC),
389-E3 |203 Q(CAG) — P(CCG), 205 N(AAC) — Y(TAC), 224 G(GGA) — E(GAA),
281 N(AAC) — S(AGC), 351 E(GAG) — A(GCG), 353 T(ACA) — A(GCA)

9 T(ACG) — S(TCG), 179 N(AAC) — T(ACC), 351 E(GAG) — D(GAT),
353 T(ACA) — A(GCA), 371 K(AAG) >M(ATG), 498 S(AGC) — R(AGA)

9 TACG) — S(TCG), 179 N(AAC) — T(ACC), 223 H(CAC) — LLCTC)
456-D2 |351 E(GAG) — D(GAT), 353 T(ACA) — A(GCA), 371 K(AAG) — MATG),
498 S(AGC) — R(AGA)

121-D8

228-G2

412-B4

Original CBH I

121-D8 228—-G2

| AN

389—-E3 456—D2

Figure 9. The clement system diagram CBH I of the mutation body
which evolved.

} «— CBH 1(55 kDa)

Figure 10. Method of peak concentration cultivation it is been
revealed CBH 1 protein gel analyses.
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CBH | MM 24X Lab-scaleOIIH =& 5t

SLOBEINS o g mFE Mt AP A% A%
O.D. 1207}A %188 & 9)‘0}\0@ °F 12 g/L2] cellulaseE
A 5 YAk

o
=4
1.

CBH | MA ZX& scale-up

5L FRoA "5 HA fed-batch BE FAHS 300 L
2 scale-updled AE3 A¥ FF 0D <F 280 AL olH
cellulased] WYL <F 32 gL FFL S FAART

CBH | FHd 53

AR F 2 23 BATEY v 80% TE= 95%
o] Ao} gith. 12% SDS-PAGEZ AA|H cellulased] ¥4 2
= Fig. 11, 129 2t}

o #os  Purify CBH 1 (55 kDa)

Figure 11. The CBH I which is purified protein gel analyses.

Cell culture
1 cenuifuganion (4. 20.000%/30Min)
Pellet N
. supematant
(Discarded) l

afion & L Concentration — Molecular weight cut off membrane
Concestiration. dm--.- in Desalinization — Dialysis membrane, 4°C,overmight

Gd filtraon mm
4'8 Plow rae 4S5mih

4

lmwaﬁfaemm
o Ammdmmwmimdmm '
: AC. 566 15/100mt -

1 Cwummmw: "20.000%2/30Min)
supernatant " peliet, desinization - | Desalinization - Dialysis membrane, 4T.ovemight

_(Discarded) semet 1 : lon exchasge chromatograbpy
'l' - Desainization — Dialysis membrane, 4°C,overnight

Figure 12. Refinding process flowchart.

O OF
AL

Cellobichydrolase (CBH) 1 #-2#1¢] 8B+ CBH I 74
cellulase ABAF #3591 Trichoderma reeseis W%, AT
A4 ALE 0§35l ALE s T RTPCR kitZ o] &3}
o] CBH I geneS FA4AT 1 £ 2dHE] pYGALo
cloningd}#th. CBH 1 {34 ¢F-Fo= CBH 1 ©yldo]
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cell 2|52 B9 4 QUEE st pplo] EFHH
I @93 1L Protein gel 27S Ed}e WS s
t}. Cellulase 84S ZhA)7)7) 38 2R3 Wy Aue
error prone PCR3#} DNA shufflings- 438t t) & CBH I
TAAE Hd #HEo] 4qlEta GFo transformationd}
o] A& T}A] screeningd} ST 12} screening 3~ confirm test3}
7] 9|3 DNS (Dinitrosalicylic Acid) 34 ZAHLS o]-&3}
Fow, o] Ay 121-D8, 228-G2, 389-E3, 412-B4, 456-D22]
cellulase HolAE A5 F JoW, 456-D22] 7% original
CBH 17} wlwdleq oF 510%9] &40 J7ld AL &A%
F URT B2 A3} F cellulase sequence A1 A3 CBH I
wild typed} Bt E Wl 121-D8Q] ¢ WAH I E
7] & olm|x=Ake] W3Ele S F AV 67, 228-G2¢)
# 835 728 0 @] 2 ohslcisl il g2
7= 470, 389-E39] A% ®AdE 13719 nid 97] F
wae vale] 998 £ @le o, 42Bag 2
4729 9o B A7) % ohvindle) wae] e
A7)= 6, 456D29] A% WAT 10749 A A7) F
ul=4ke] Wstel] FES & d71E Tk

Cellulase A4+ A HA3}= 5 L HE7|E o] 83}y
FTE HjgE st A3 HF OD. 12071%] JAPE 5 3
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