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Optimal medium and cultural conditions for synnemata formation of
Paecilomyces tenuipes

Gi-Beom Park, Gi-Byung Park, Bhushan Shrestha and Jae-Mo Sung*
Department of Applied Blology, Kangwon National University, Chuncheon 200—701, Korea

ABSTRACT : Potato dextrose broth was the best inoculation medium to produce in vitro synnemata of Paecilomyces
tenuipes. The optimum temperature for synnemata formation of P. tenuipes was 20°C under 500 Ix of light intensity.
Highest synnemata production was observed at 18 hr of light period per day. The medium containing 50 g of each
slkworm pupae and brown rice produced highest number of synnemata. The optimum ratio of brown rice to digtilled
water was found as 1:1. Mycedlial growth and synnemata production of P. tenuipes was faster and higher in medium
containing grinded pupae as compared to whole pupae. The optimum inoculum amount per bottle of medium was 15ml.
The highest synnemata production of P. tenuipes was obtained by incubating rice pupae medium at 24C until mycelium
growssufficiently after inoculation and then transferring it to 20°C chamber till harvest.
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L E 231 % (Paecilomyces tenuipes) ¥ +5& 7|FE
sto] A4S B sk %7178+ (entomopathogenic
fungi) o] dFO 2 A9 BE 259 AFI 5l 244
Aste] B S-S st w2 T TR 29
- (Deuteromycota), &3 AT (Hyphomycetes)
A5 (Moniliales) -2 A}73 <57} (Stilbaceae) ol <53}
AA PR E FF % (Cordyceps) S ¥4 &t} (Pacioni
and Frizzi, 1977; Petch, 1936). ¥ &5 %3 %
(Paecilomyces) %52 %8242 E%’ﬂ*ﬂ‘:ﬂoﬂ ok
Hox AR &ol| x5 YA (Samson, 1974;
Samson et al 1949) o] &9 *ﬂ%}/“}b A BE %
O 5, A7), A% 59 A A DAl AA 7159
93] (external cuticle) & &3t }01 A= A4
4 0= 7]_,,].0] oiOko] /\}j]El u;H7]]_;<] ,\g;g,o ;(] 3]_ 5 o}
Z5 Y413 (endosclerotium) & A slo] €
o5 7—‘1%5} 4 28 vl 2F0] FE Bk
AES FAste] BAEAE B o] A 2%
of HAAS Ztorm & 0E #Fo® FYS kA It
(Cheng et al.1998; Chew et al.1997; Fukatsu et
al.1997; Humber, 1990; Kobayasi, 1982; Samson,
1995' Sung et al.1993, 1998; Sung, 1996).
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=AY nokow A, 73 , Fge] A5 YW ol F
=0] Bl 5A, WO HeF 9 A, WY Ve AR
Al o] &5 o] gtom (Cunnmgham et al, 1951; Ying et al.
1987) FHE FelA L TFatRE o] &3 AR A H
o] sk ghat, 9t a¥rt Sl ok AR e w
Q15}od (Kim et al, 1994, 2000, 2001; Yun, et al. 2000)
O] F o] &3 & oFF /N Tl Ads] B A7t x
& ol Aok AW F5 sk 2= A e oA 2 zd o] of
-1, A== ol w9 A7) witel] RO R = Al
= -8 oke] ARl 4, JokE AAEA Y AE
A o] @A Ao R oy AAolH, o] & T3] 4
sto] F58txS] Qe i AARS flste] B A7 €
s Jeg = ik o] TFskRSe] #el A= 7
(1998), 44 (1996), A 5 (1998) ©](1996), # (2000) &
of o3| Qlguefe] et A7) ke wuf Qi)

so oS ol JAFEAESE FA4LS A7)
EootxE 7ML AAlste]l dAel diggatks sHAl H
2t} (Basith and Madelin, 1968; Bigelow, 1960;
Kobayasi, 1941; Petit, 1895). & A7}A = HY|7]|5=Z35}
25 UR8ARS Skl 7| & o] &3t Aulski oy
TTE o) &k ¢l thE HiAE o] &-sto] tiRAARS
sk 71 E 5 vhEeke] d A ﬂ]aoi Agrkekar ol
(Harada et al, 1995; Pen, 1995; 4, 1996; 45, 1993;
Yamanaka 5, 1998).
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FLE 235} % (Paecilomyces tenuipes) 2] 232734 3 A 61

ZEdetn 5EF3 %23 EFCC(Entomopathogenic
Fungi Culture Collection) o|4] H<E3} L Q= 55 AL
S5k om RAF FAFFE PDA(potato dextrose
agar; Difco Co.) B¥hujA|of] HFgk 5 25T 2] wjd7]el
A 7TAZE ket & HEFA 02 o] &35S thH(Table 1).

Table 1. List of Paecilomyces tenuipes used in this experiment

Isolate Date(m/d/y) Locality Host

C240 8/14/93 Mt. Chiak Pupae

C4403 9/01/99 Mt. Gujeol Pupae

C4740 7/02/00 Mt. Chiak Pupae

C5235 7/23/00 Mt. Hiryang Pupae

C6261 3/28/01 Mt. Mai Pupae
T U ES HEE FITHHABNS

AR S G A5 A2 AAA ) e
Table 20 YelA Hi=| oA agarE #| )3t w5 250md
AZVEEgRA A 100mA F58ko] Hsk & C240d5
£ AEste] Aokdrh gk Al Al H A ulj A 1HE]

Table 2. Composition of culture media

AELE 250me 4H2HEEk Aol PDBHIA] 100mes 9l H
3 TF5 PDACIA] 8iokE C4403, C5235¢+2] 55
5 mm Aol AHE 57 HEFe F 25T vkl 7
A7 wiekstAA ysiglct widad AztEetaa el
ﬁiﬂ 2o vjokdS filter paper (Whatman No.2) o} =}

71 T2 60T 2 dry ovenoll A 24X 7 AXE & 71 =

TEEEES] & "31}73* Yol 53t 7, A5l
HA 25, HA FE(x) 2 F 2 A 17Hs AESH] 98t
000m¢ pp (polypropylene)tg"’ﬂ He7] 100gE ¥
21°C 15psi (1.1kg/em) oA 608-3F Aetsle] HH|7]
A5 A Pﬂﬂ‘r &L= = PDAA| A 7L 7L vl

247ko] #ES 5 mm Zo] HHEE 5/ AFe &
wojll PDBHHZ] 100mé7}F A 718 250me AH2-EekA~=a

o 5704 HF3sko] 25C/125rpm .2 7L Xe wjoFst
T W7] vixfol] gEste] A E IS st
At HEE wjokg L 20+2T 9 vjFA o] %A 4043
v ksl § BRI L] W B &2 A, A

A7%2) 201 ZASA,

2O |24 0B HE2UNBE S8
719 = gelate] A S e AR 9
3k 1000me ppry ol W ul7]1E 2+ 20g, 40g, 60g, 80g,
1008”“4 71l ARgskaL 9l @rl 100gel &7 120
= A7Felaith dAvr 2R S G0l vAle 9F
% ZAFsl7] Sske] W7 Fs 50g® g § AvlE
Z}z} Og, 10g, 20g, 30g, 40g, 50g= & 7Fakdch. Egk W
717k 2848 E B4l Al dFE 2AFs] Slst

Nutritional medium(g/ ¢ )

regents PDAY  SDAY  YMA HMA MEA MYA SA MA MPDA
Potato 200

Dextrose 20 20 10 20 4 20 10
Malt extract 20 10 20

Peptone 1 10 5
Y east extract 5 3 4

MgSO. - 7H.0 0.5
KH,PO, 1
Hyponex

Ebiose

Agar 20 15 20 20 15 20 20 20

YPDA, potato dextrose agar; SDAY, sabouraud's dextrose agar plus yeast extract; YMA, yeast malt agar; HMA, hamada media; MEA,
malt agar; MY A, malt extract yeast agar; SA, sabouraud's agar; MA, maltose agar; MPDA, matin's peptone dextrose agar;
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of @S 50gE 14 = Hu7|E 717} Og, 10g,
20g, 30g, 40g, 50g= H7}stsith. 7 dvFol
1:191& =2 H7ksle] 121°C 15psi (1.1kg/em) oA 6083+
2hatsto] WA 2 ARE-SFSI T
A v Aol C44033t579} C52353F72] HAul|F+t
*]'iﬂi HFste] 20+£27T 2 iAol 40L7t wjekst
YA 0] o), WA, ol 5 Skl

S-S OEEMAES A
TEETrES] HA JTFS gotry] f18ke] 1000me
ppHel HH”7] 100gE A 78k 1217C 156psi (1.1kg/cr)
oA 607t A3t vl Z2A|F W 78R o] C4403%F
F9} C5235¢F2] AN FFAA S 22t 5ml, 10md, 15
ml, 20me 53] 20+2 T njjokdofA 4047 &4
A S 2 o), A, 2

HOPD |12 HEHO| [ E BAtESs S

HE7] oA E A wf 7] A7 A
Ao m A= IS dofr 7] g5k Wd7] 100g¥
21 B 38 AR e 3 M s 22 e 9
2 ure] wixE 2AdEHsith 7 el Aol A o] A
o] s del el W durt EAAE G vA =
S gobr 7| flste] WH7] 100g4-& WEAFEH S o
I AR JAAE o] &3t S5 B3l AEAlz FOE
ol W7 mA & A sk3l T ﬁﬂlﬂﬂﬂﬂoﬂﬁiﬂ W7
o] A3 el et AR ?%*3011 B R
FS orotry] flste] Wdl7] 100g4-& A E ] 2
15 o] g3 9 Byrow LHO% HH 7 A& Z
Aetdtt. A9 viA o] C4403¢59} C523573¢F2] o
A ek FAHE 24 HE ek 2o+2°c394 Hlj o} of 2
AR ] o],

Ml o JP>

oR
o‘?L' N o

15154

=

SAXES HAS T HAHHLY

TEEZEE AT Ao AHEE HA A A E A
W8l7] $18ke] C2407E 5 o] 8-38te] A g st A1} SDAY,
PDB, HM Hi =] o] A 7} & AXAFAFES YERT o]
= o] g3t EAAAEE P2 PDBHIA| A 7M1 E
38s e TH(Fig. 1) TEEEeEe] %*@x}%’% 3
dell Agker HAHFAL 27 w71z 1049] Az
Tl 7 =A uﬂ;}»pq@ H %] o] ‘:‘*ﬁxvéicﬂ 3

A3 T T3 sh7loll= AEekA &
okt 6ol A 72 vt Ttell A 7HE FE s S
BRIt (Fig. 2). HEHS 16mmE AE3R S u 24
A7 4 g o] E8ht(Fig. 3)
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Fig. 1. Effect of liquid culture media on mycelial growth of
Paecilomyces tenuipes C-240 at 25C
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Fig. 2. Effect of culture period on mycelial growth of
Paecilomyces tenuipes C4403 and C5235 in PDB

medium.
30 ...........................................................................

< e
= 25 R—
e} ——
22
5
@ 15
=
>
T 10
o)
25
.“%‘
L 0

5 10 15 20

Inoculum (ml)

Fig. 3. Effect of inoculum amount on synnemata formation
of Paecilomyces tenuipes C4403.

FEotRE AEste] 20£2TC 9] vk
of A 401t wleFaS Wl AR S FAdS Sl gk wiA|
2= PDB(Potato Dextrose Broth) o4 94| rvjekst 7l
o] SDAYOllA wijekeh ARt FAE4 o] 8k
(Fig. 4). #5¥ S S JAd2 €240, C4403,
C5235, C6261¢F EFolx E4AEH] FAFHNS
u, C474000 M= TF 7ol vlsto] EAAAE L o) 7
Al A &7do] FA] 3k (Table 3, Fig. 5).
TEETNE AT E FAdS 20T vk
SollA 7 A vEbsk o, YA 15T, 25T/ %
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Fig. 4. Effect of liquid culture media on synnemata formation
of Paecilomyces tenuipes C5235 in pupae medium.

Table 3. Artificial synnemata formation of Paecilomyces

Fig. 5. Artificial synnemata formation of 5 different isolates
of Paecilomyces tenuipes cultured for 25 days in
pupae medium.

7) ok A 2 Astel A7 A, 500l M 3

tenuipes C240, C4403, C4740, C5235 and C6261
in pupae medium

. synnemata  synnemata synnemata  Total
Paclomyoes Zlengh  number  weight  weigf
s am) (No)  (ghotle) (gbotte)

C240 63 230 173 831

C4403 6.4 240 192 852

C4740 3.9 % 05 823

C5235 6.3 230 187 847

C6261 6.6 267 250 856
A% A ol FOIAA Gl A ek

2 r{m

Y
8] 15CeA &= o W
J5het (xS S48 gq ato] HYs

FAE L}EMO*D}(Table 4).

2 olgaiel 2

sk A4S Rtk o] glo] @X]'ﬁ)\ o] H+=
C. militaris®] A& I+= %=

T EE o] wiokel gkt %f A AIZES At EH] $
&}o 6hr, 12hr, 18hr, 24hr= 217 ﬂ-eﬂl njjokslo] A3
sk A3}, 18hr oA 7HE =& A5 FEES
P O, DFelA = 24hrell A =2 T-i}gg LERATE B
Sk 6hrell A= 7 Ax3 BSS YERITH(Table 6).
HOD |2 SO0 [EEE*X% =

bals PR s

Slard W] A7)

H MA TS

o wiel7] A7 el 7}
Ak Yl

=1

Fatol 4007 W

o B
T =2 E

A v 24
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o W1 A 5
sk A3} 80~100g

AR FHES

Table 4. Effects of temperature on synnemata formation of Paecilomyces tenuipes C4403 and C5235 in pupae medium

O
2

202 YERAEH(Table 5).

AN E BANES FH S FEHY

Temp.(C) LS* NS WF TW DF
15 4.00 4.6 30 49 11 19 83.2 89.2 0.3 0.4
20 9.9° 9.6° 355 304 29.8 237 83.3 86.7 42 35
25 7.8 9.9° 133 158 113 13.8 75.5 75.6 21 29
*LS, Length of stroma(cm); NS, Number of stroma; WF, Weight of synnemata(g/bottle); TW, Total weight(g/bottle); DF, Dry Weight
of synnemata.
3C4403, *C5235.

Table 5. Effects of light intensity on synnemata formation formation of Paecilomyces tenuipes C4403 and C5235 in pupae medium

Intensity (IX) LS NS WF T™W DF
0 6.7° 6.5 333 334 15.0 16.7 92.1 93.3 2.9 2.2
100 46° 6.4° 294 424 20.8 213 89.7 927 2.7 3.9
500 6.9° 6.8° 472 386 236 223 88.3 84.0 5.6 45
1000 6.1° 6.7° 429 371 215 186 95.2 90.4 45 40

*LS, Length of stroma(cm); NS, Number of stroma; WF, Weight of synnemata(g/bottle); TW, Total weight(g/bottle); DF, Dry Weight

of synnemata.

3C4403, *C5235.
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om, FEL W79 HIFsFel nl#ste] YERTh
(Table 7). He7]8ix] o] hA#] 2 &Av]100g3 57+
120mE 9al A st dujuj=|of] HA)FtS A Esto] &
WAL F3e s A7), dd7|axeA] 1oy =

< FEES UehZ|E sy A E A o
on A S AT e hAg wu] dstA| EAYA)
A&o] YA = Ao R Yehth &5 thAluiA] 2 Fv

WA 7} {88k ARE-E = Qe A 0% ARt (Table 8).
A7) e dv)E E3e T AE 28RS G4 el
A= YIS HES] Slstel W] A7bFE 50g®
st Arl o] H7EEFS 0, 10, 20, 30, 40 9 50g ¥ x=
sty wiAE ZAIE F 20T wFA oA 4043 A}
A4 FAE =g A3 50 1 509 ZFHA] BlEolA] #
A G20l 7 sl YEbsttH(Table 991 10).

Table 6. Effects of illumination hours on synnemata formation of Paecilomyces tenuipes C4403 and C5235 in pupae medium

Ilumination
(hr/day) LS NS WF T™W DF

6 6.5 6.7° 429 371 16.8 18.1 93.8 94.6 32 33

12 7.2° 7.3 494 4901 24.8 24.6 92.9 99.7 51 4.7

18 7.6 8.3 573 490 28.7 245 101.7 92.5 53 4.8

24 7.9 82 563 469 28.2 235 97.7 90.7 59 4.8

*LS, Length of stroma(cm); NS, Number of stroma; WF, Weight of synnemata(g/bottle); TW, Total weight(g/bottle); DF, Dry Weight
of synnemata.

3C4403, *C5235.

Table 7. Effects of pupae concentration on synnemata formation of Paecilomyces tenuipes C4403 and C5235

oprrﬂggg(tg) LSt NS WF TW DF
20 33 3.2 102 65 7.0 31 19.2 144 0.7 0.6
40 4.8 4.2 111 94 9.6 84 40.5 36.4 14 12
60 7.6° 7.7 236 200 18.7 16.4 48.5 55.0 2.8 23
80 7.1° 6.8° 305 273 23.7 20.9 70.6 72.3 37 31
100 6.3 6.5 286 260 225 19.9 83.5 85.4 34 3.0
*LS, Length of stroma(cm); NS, Number of stroma; WF, Weight of synnemata(g/bottle); TW, Total weight(g/bottle); DF, Dry Weight
of synnemata.
3C4403, "C5235.

Table 8. Effects of pupae and brown rice media on synnemata formation of Paecilomyces tenuipes C4403 and C5235

Medium LS* NS WF TW DF
pupae 6.8 9.1° 253 239 19.8 18.3 79.9 79.9 4.1 4.2
brown rice 7.7 7.5 226 245 17.1 18.3 189.9 194.6 39 4.0

*LS, Length of stroma(cm); NS, Number of stroma; WF, Weight of synnemata(g/bottle); TW, Total weight(g/bottle); DF, Dry Weight

of synnemata.
3C4403, "C5235.

Table9. Effects of brown rice concentration added to pupae medium on synnemata formation of Paecilomyces tenuipes C4403 and C5235

Brown rice (g) LS NS WF T™W DF
(0] 5.22 5.7° 268 237 134 11.9 47.8 40.9 2.7 2.3
10 7.7 8.8 361 349 18.1 175 59.2 56.2 40 3.9
20 9.0 8.8 450 428 225 21.4 77.3 75.3 43 45
30 8.8* 9.4° 509 535 251 26.8 89.4 89.9 5.6 55
40 10.6° 9.9 781 660 39.1 33.0 138.8 126.7 6.6 6.3
50 10.8 10.5° 716 665 35.8 333 143.7 146.0 7.8 6.4

*LS, Length of stroma(cm); NS, Number of stroma; WF, Weight of synnemata(g/bottle); TW, Total weight(g/bottle); DF, Dry Weight

of synnemata.
3C4403, "C5235.
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Table 10. Effects of pupae concentration added to brown rice medium on synnemata formation of Paecilomyces tenuipes C4403

and C5235
Pupae (g) LS NS WF ™ DF

0 7.8 7.5 205 188 10.3 9.4 81.9 73.9 23 21
10 7.8 9.2° 319 391 16.0 191 95.6 94.9 34 4.2
20 8.7° 7.9 467 425 234 20.8 105.4 103.7 5.0 4.6
30 9.3 9.1° 511 477 25.6 239 132.3 128.3 52 51
40 9.5° 9.4° 540 571 27.0 27.8 135.6 139.0 57 59
50 9.8 9.7° 550 592 285 29.7 140.7 144.5 6.3 6.4

*LS, Length of stroma(cm); NS, Number of stroma; WF, Weight of synnemata(g/bottle); TW, Total weight(g/bottle); DF, Dry Weight
of synnemata.

aC4403, "C5235.

HOD |2 BEH| [HE 24AtES A

H7|iA & 24w Ad7]8] Al g e vAA g
B o] 2po] & Lofry] HBiA 2 A Adegitt 40
ZbufeFet & BAAE S 3ES AT Al F e A
gl7]a =] 9] 340l E]rJ— =) YebstH(Table 11, Fig.
6) A7) 9] &fls2t W deolA el B S
A& ARt We 7)o} s 7] E ol bl
ZA T A TS FEse] 4047 vkt 43

Ho7] B s)sAd 7oA o 2 888 YE

oBL

N
Ol-ﬂ i o

|
%

= “i‘ﬁi}c “‘*OM@ E‘r 15 19] o] ol B4

A% Gl =eld 205 Idshs A o® Alsd.
A7 A A o id7] o) el w2 xpolE Lot

B7] Slste] WH7E 49 dEiek A7 R U

HET 407 wjekste] S Ay AR W] of W7 A7} =80 ot wwAke] Aol et A
o 2GS g0l A HEbTh o= A3 H 2 A€t (Table 13).

Fig. 6. Effect of washing and non washing treatment of pupae
on synnemata formation of Paecilomyces tenuipes.

Table 11. Effect of washing and non washing treatment of pupae on synnemata formation of Paecilomyces tenuipes C4403 and
C5235

Pupae
condition

non washed 6.7° 9.1° 253 239 19.8 18.3 79.9 79.9 4.1 4.2
washed 8.4° 7.2 274 282 20.8 214 76.8 74.3 4.6 4.5

*LS, Length of stroma(cm); NS, Number of stroma; WF, Weight of synnemata(g/bottle); TW, Total weight(g/bottle); DF, Dry Weight
of synnemata.
aC4403, "C5235.

LS* NS WF TW DF

Table 12. Effects of frozen and unfrozen treatment of pupae on synnemata formation of Paecilomyces tenuipes C4403 and
C5235

Pupae
condition

frozen 6.8 9.1° 253 239 19.79 18.34 79.87 79.91 4.12 4.16
unfrozen 8.7 9.3 290 277 21.68 20.99 84.45 81.05 451 4.64

*LS, Length of stroma(cm); NS, Number of stroma; WF, Weight of synnemata(g/bottle); TW, Total weight(g/bottle); DF, Dry Weight
of synnemata.
3C4403, "C5235.

LS* NS WF TW DF
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Table 13. Effects of pulverized and non-pulverized treatment of pupae on synnemata formation of Paecilomyces tenuipes C4403

and C5235
Pupae
condition LS* NS WF TW DF
non pulverized 6.8 9.1° 253 239 19.8 18.3 79.9 79.9 41 4.2
pulverized 8.22 8.5 283 249 214 184 77.4 79.4 4.8 4.2

*LS, Length of stroma(cm); NS, Number of stroma; WF, Weight of synnemata(g/bottle); TW, Total weight(g/bottle); DF, Dry Weight

of synnemata.
3C4403, "C5235.
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[l

TLEFE VTR sto] AAAE f‘é”ff}b =
(entomopathogenic fungi) 2] 4 2
(Paecilomyces tenuipes) = U A 52]
5ol | 27174 FWA B T
=] Ag;q.;éu: 63/&0] HJ«O].oq /\]-chq o7 o]%ﬂi
E’i*“"]ﬂ'(&l 1999, %5, 1999). s5dtx%H4 2
FE LF7 TS 7HA AL Pettit (1895) & QU HIAZ o]
gato] FAAEEE] FAo] s S BRl o] & Y]
FEOtRE ML AR E A 7] a9 24
2734 34 Wil digst A5-E BauEnk itk (Basith
and Madelin, 1968; Kobayasi 1941; Sung et al. 1993
1999;, A, 1996; 45 1998; ©], 1996; #, 2000) 5-°l 2
sto] A+, Barg vl ok wis sk FollE ol &3t
of BTSSPk ol JidE o] Akglst Har
PAE FAPEES 7 ok &S e B R gko
2 A7) o] FAA AW (Kim et al, 1994, 2000, 2001;
Yun et al, 2000;. %5 1999) Hd|7] &} Fn| S o] &3 &
A< B Ad ol thgk A A A A= v Fgk Holth
FAITTRD 58] #FE 7HA AL 2H7E] Q1A
£ P & Hu o H= AR Qlo] FAAAE &L 73t
] PA o7 qlemg ko g wHstxl] A
Aol Fost Zlow pAdT) sFetxE AvistH o
A ko] EAFo] vjAte: vhe 9}5_ = st A HEA
Z & Qths Rt derg (g3 4, 1997; Han et al,
2001) eEEF8E 2SS 3*17] | $13ko] uf
A2 A o] WS SDAYHIA| 2} PDBHlA] of| A HljeFst
o] 15me HEsHAS 45 —b}*ﬁx}%’* = & F4s==
ol & A& AHE-3HH HE 37| A3te] iR £+ SDAY
= Ak 22 A3E Aok (Humber, 1990). 4
A& ?—5"*4 Aol 2= wiA A 2= g 20T
A 7 =& S Hole A EAP@X‘E‘_D}: A2}
A& Aol w& Oﬂ*ﬂ Z YA = AN 2 AEFE
Hol= AR Aok = ]’\1E o2 WAl #} o] e R
= 18A1%F =9 st LA S Gdo] FEsHA

2 = 10]

oh FEEEe Rl g %%ohﬂ ] ARA ] %’
2)-
=

L
O—hl“

F}Om

O

2000)

EFetRE g Au|nke o gkl AAAE P4
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