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Eofol A H2|®  Penicillium verruculosum F-3
(IFO 31136)3 PVA23(arg) ¥ PVP33(phe) %%
874 WolF & ARSslsdch kYA A &
T4 ol tidted PDA  wiX|(potato, 200 g,
dextrose 20 g, agar 20 g/[)5 sHdulx)(6, T)Z 391 2L,
t}4 W3 A]Z] Mandel's vl x](dextrose, 10 g; (NH,)
»SO4, 1.4 g KH,PO4, 14 ¢g; CaCly, 03 g; FeSO4 - 7
H>0, 5.0 mg; ZnSO, - 7TH,O, 1.4 mg; MnSO; * TH,
0. 2.5 mg; CoCl, - 6H,0, 3.7 mg and agar, 20 g/I)&
Hawl (6, )2 dhed ZHze] opmlimabg A7bebed
AgEtinh 9 A WolFEe A Auwiks
13E iR 2 M A7) Az Al A S W A
xS AR shglom, lgAA A HE A4
Lk R I B B et B Rl o B e e b B
AHESE HA S AERE wiAlE AREER AL, HAell
ujz} S W oA A AYefA]E ARE-ERlch
AN MM

N A iRl P verruculosum FEAEEFH(1.0
X107 spores/ml)& HFIHFE 30°CollA] Zetul<f A
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A& AP F AaFs 52 ZASAY 43AA
FE 44" 7 AXYEHEALZE Chitinase
(Sigma, USA), Laminarinase(Sigma, USA), SB-
glucuronidase(Sigma, USA), Novozyme 234(Novo
industry, Denmark), Driselase(Kyowa Hakko
Kogyo, Japan), Zymolase 20-T(Seikagaku Kogyo,
Japan), Macerozyme R-10(Yakult Honsha, Japan),
Cellulase Onozuka RS(Yakult Honsa, Japan) =
2] 3L Meicelase(Meijiseika Kaisha Ltd, Japan) 5%
A8 #t9it). 2-deoxy-D-glucose(2-DG)2) &= H
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241 KCl, NHCl, (NH,),SO,, NaCl, MgSO., sor-
bitol. mannitol 5-& 0.5 M citrate buffer (pH 5.6)°l|
TEHE £3)4]7] 2 membrane filter(porosity: 0.45

pm)ell 7slo] Abg-ahedeh

Conidial Protoplast from P. verruculosum 155

[y
(=3
(=]

(=4
€
L
q

No. of Conidia and Protoplast (%)
w
(=]

2 4 6 8 10 12 14
Incubation Time (hr)

Fig. 1. 7ime course of swelling, germination and pro-
toplast formation from conidiospore of P.
vurruculosum  during  incubation in  liqu.d
minimal medium containing 2-deoxy-D-glucose
(25 ng/mi.

—QO—; swelling conidia, —@—; germination
conidia, —A—; protoplast yield
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HaRA R P verruculosum®) ZAEetAS
HELF APPEE AIRE AFsl] o7 Aee =
Zell Novozyme 234(1%, w/v)E 2]sln d3 A
A oI55 AFE ®oIcKFig 1) & wlek 447
el EAE $Er] Astd 1077 Fol Ao
FEom ZAAQ] Wol= 1AM RE] A]z}st]
12-142] 7R ol 95% o)A} wto} s}Qdck. A. nidulans(4),
Cunninghamella elegans(9)%} 7o) %22 o4& %
22 FEe 4934 AES B 5 gl Huo
TAZE ol F-9] EAMLE] A AAo] ]zt e]
10-124]17F A FA1Z] ZE}ol| A 7} o 5l
A go] BAEAY by EALE S F2]5hw A
wobyt Ao AlAtE]7] Al A whkE 10-12 A)7H
AErb Eanxe] AAAZEYL A4} shedch
HEY Balgao MH

e AEHRAELE 8 e Dejahe o
A7 Ba FAEeigle] 7o) MEY F2E ol
el =gol=m, webx HA ase Addgo)
LA AEES FAWIANL § ok ) 22
el 2 2-DG(25 ug/mi)7}h H7hel Z 2w =] ol A 10
AZE AW PA T 2 A A E A AT 1%
(wv) BERS YA A4 =g zARbg)
(Table 1). 185 &£43%F Novozyme 234= 50%
oY) B AYEL Jehigew 1 dses
Driselase, B-glucuronidase, Zymolase 20T, Chi-
tinasest ©]913 Chitinase$} laminarianse 22|31
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Table 1. Comparison of commercial enzymes for their
ability to induce protoplast formation from P.
verruculosum.

Protoplast formation

Lytic enzyme

Intact Swollen

conidia (%) conidia (%)
Chitinase - 10
Laminarinase - -
B -Glucuronidase - 16.7
Chitinase
+ Laminarinase - 21
+ B-Glucuronidase
Novozyme 234 - 513
Driselase — 20.5
Zymolase 20T - 13.7

Macerozyme R-10 - -
Cellulase Onozuka RS - -
Meicelase — -

Conidia were preinubated in liquid minimal medium
for 10h and treated with each enzyme (1%, w/v) at
30°C for 3 h.

B-glucurinidase®] &3 &4 49+% 21% A4
€< ®9l o} Novozyme 234 w5 AMEA] Hrols
AAgo) Az A7) AaEe ALAE F a-
1,3-glucanase”} 40|, &2 laminarinase %
chitinase 4& 7}x]&= &4 ¢ Novozyme 234¢)
oaflA A ZpAel AS B Poverruculosum®)
A EH FZE chitin?} chitin®] glucosamineel B-
1.6/8-1.3 glucano] AA= ] 3l2m a-13 glucane]
ok 248k AR FEEUoh
2-deoxy-D-glucose2| &1}

e} oJAAARA dFF AEHANAR o
2%l 2-deoxy-D-glucose] &= FA= A= <
25%2] AFAA AAES el ek 25 ug/ml
e A] 20 o] AH51%)9] LA HAEAE e}
Wl 2-DG o] Yo% A7 A 24 thiol 3ol
Triton X-1005-<  ARgsle]  Axy oz
disulfide Ao} AAo|FHS AAFLEAN A
A BAAEE FAAZ AE AUTHE, 22).
gaxzlel sk, AlZh ¥ 25 dY

Had Ao 25 ug/mie] 2-DGE A7t A
wjoF 104]17F 3 77| v F%=29 Novozyme 2345
elsted B A 1%w/N) FE2 3AZE A 50%
olabe] A AA PAEE P, 2% e 65%
olale] o AYAES Ho] WKl g A7 e
ol e JdAAE WA I F ok =3
FAankge] HAer AL HAEI A 30°Cel4
3AZE FHEge Aot HAe|glew, 25°CellA=
ukgo] "R =g A o)]FA 2z} FrEht 28, 30
aejar 33°Cell A 3417 ojake] 28-& wAHH
LFAA 7 Fpashes A¥E HicKdata not

KOR. JOUR. MICROBIOL

10

No. of Protoplast

10%1

04 0.6 0.8 1.0
Conc. of Osmotic Stabilizer (M)
Fig. 2. Effect of osmotic stabilizer on the formation
of protoplast from conidiospore of P. ver-
ruculosum. After conidiospores were
preincubated for 10 h, reaction was performed
with 1% Novozyme 234 dissolved in the 0.05
M citrate buffer containing various osmotic
stabilizers at 30°C for 3 h. (NH4.SO.(@). KC/
(W), NH.Cl(a), MgSO4(O), NaCl{T)), Sorbitol(s),

Mannitol{©).

shown). dwrdez JYAA2RE HFANELZ
Aol glo] A EHEAAete] HbSA|Tke] AFE
ks A AEHRELs TR 2% @
WA R F 47} g alo} gabw o] 2h4-517] wf
Folu(21), webx A4S HAEZE Novo-
zyme 234 £9& 1%w/VE A7t 30°ColA 1
AIZF WA 27 2 skodch
AEQY otm|el BERet s U pHO V¥
gupzl o 2 ALEQt oA 2 AR AT T
NAF7E R ddME & GdFTEFRIL &
HAel Hoz gy glovK19), P verruculosum®
Pz LFANE A& Heds 06 M
(NH,,SO.7} 7H fgo] F271 22 velgter, 0.7
M sorbitole] 7 Fe &8-S RlchFig 2). ol
5 FFe FAHIE FE AGPA S A=t
ZAE Y™ AFES ebAlel 0.7 M sorbitol #= oh&
AL B B 75 EREgE A FAHAE
nE QAN YA A7) o AEsE AR
Aga 4 9ee Jeldeh E=& Trichodermas:el|
0loy T. reesei(23)8} T. koningii(17)2] 2} U3
3 A4 0.6 M NH,C12} 0.6 M sucrose”} 34 AHFqk
FAAYE BE AL B AFIAAE dFe
AEd B ATl wet 4] zelrt A& At
stk AFEgRrAAlS) pHE 005M citrate buf-
fer24 pH 5.1-60 744 ZAste] AAA P4l
g pHY °d3e FAME 23 pH 570 A o]
9o pH 55-59914 wlwd A= AHE FA
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Fig. 3. Protoplasting process from conidiospore of P.
verruculosum.
A: Dormant conidiospore, B: Swollen
conidiospore, C: Release of protoplast from
the conidia, D: Isolated protoplast, Bar equals
10um.

Table 2. Regeneration frequency of the protoplast at
different osmotic stabilizers.

Osmotic stabilizer” Regeneration frequency (%)
D)

(NH4),SO4 232
MgSO, 49.2
NH.CI 12.3
KCl1 35.0
NaCl 304
Sorbitol 17.8
Mannitol 15.0
“Each stabilizer was added into regeneration

complete media to give a final concentration of 0.6
M.

Regeneration frequency of auxotrophic mutant, PYA
23(arg)

3}3itHdata not shown).
EXZFEH AYAAM MM z™o|

P. verruculosum] EAZHE QA7) JEE
o Yo de 837 95t 2-DGY 2¢H
FHamj Ao A 10417 Al FA 71 ARES QFPAI R
23] AlZAF Novozyme 234(1%, w/v)E 30°CellA]
A7 A AzPEE J¥AA A4 AL B
stadch. dufok A Fx)7] £2p &9 "ol o 40-
45 umgler], EAYNE FAHHA Lol 3
H2 FERAEAY A5 Aole oF 60 umch
Fig. 3-Cefl viehdl uiel zre] A A7} )70 Al x
(ghost)ye H7]2 I 2 YZHe] Vo S
2 7 dden o] dPAA o] Aol 50-55
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Fig. 4. Regeneration process of protoplast of P.
verruculosum in regeneration medium(RCM).
Type I: A, Pyriformed conidial protoplast in
8h; B, Formation of yeast-like form and
aberrant tube in 14h; C, Normal hypha
development from the ontrary side of
aberrant tube. Type II: D, E and F, Normal
hypha are developed from regenerating
protoplast in one side directly or radically,
G, Lengthened and branched hypha in 20 h;
H, Well-developed hypha in 24 h.

um HEG}
UHEIR Al

AYAAH A =H

FALHAA S 52287 st Ficoll 400(5
%, wiv)E AR wlAZsle] QAR 72 A
AL, A AR AR AH F ARSAF
Aol A A} AR NS HEpglon], Ak
42 AT BT fFtele A A ) =] ol 4] ul oF
sto] A7bHZ Aok AFAA YA AL
sl FUldR ¥ 2YEES 06M FEEsly
ZAgHKTable 2), 0.6 M MgSO4ol4 A< 50%<]
2 AAES Jeldle] A GFAA e g
AN A 8(4.6-27.8%, 0.6 M MgS0O,) B} #x o 7
= o F AATHE). =T JFAA WA HA 4
¢ AR AHEHAY (NHL)S0.& olel =7
u) XA %3k Coprinus cinereus(1), T. koningii(12),
Geotrichum candidum(14)5 o A9} 7to] LA
AR HA AR AAA} 7] OgES B
A3 fARs ok
AEAA M 2i"o| zha

VHAA 2R A FAAE A FHojAE 3
e F3 dv|A o g BAstdck P overruculosum)
A LA A Fol e ZA AR 952
A2 FERel] E&FH(pyri-form)7t JAH T FA7H
H 28 woko] TxA7} cell chaing 3dAsY 1
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¥ cell chain®] £l 4] £33 Haberrant tube)°]
A= A7) 20417 <] aberrant tuber} AA1E] o
7hEA 2L vkl A FAE A E L 244 ) ol =
AgA FAAS ZFE B = ok s3Ache).
Zeiv 2 A A A= FAF) o2
F7HA geel A ks Heled, Arieh e
Helo] A4 HAA(Fig 4, AB.C)F Villanueva$t
Garcia(25)9] B.319} 7o) 1A 2 e A A4}
dAHA 2 o] who] o] folx uwlsk okulsf Tejw
Wapde s AAEe] Yk Hel(Fig 4. D.EF)9
T Ao o] FeRg o 4 9sith o]} ]
gt dHele] A kA A nidulans(18) P
chrysogenum(2)s M= frAb shadch. o]ake] Ats
AR 22 4¥AAE AR YA Boe
3 gl AEd &av|He] gUdAo R wweigtel Hr)
HAF 5 vAAAA] AE F2A glolx A o
FAAR Fe AAAQ] FAE EEAE e

3
sH] S Ao FAYK3.6).
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ABSTRACT: Formation and Regeneration of Conidial Protoplast from Penicillium
verruculosum
Kim, Jeong-Ho, Jeong-Won Huh, Hee-Jong Chung, Young-Kyu Lee and Ki-Chul
Chung* (Institute of Biotechnology, Chonnam National University, Kwangju,
500-757, Korea)

Formation and regeneration of conidial protoplast of Penicillium verruculosum, hyper-
cellulolytic fungus, were examined. By using Novozyme 234(1% w/v) as a cell wall lytic
enzyme, the highest yield of protoplasts exceeding 50% was obtained from the swollen
conidiospores preincubated in the minimal medium containing 2-deoxy-D-glucose(2-DG,
25 pg/ml) for 10-12 h. No protoplast were obtained from dormant spores. The regeneration
frequency of the protoplasts was 49.2%, which was higher than that of mycelium originated
protoplast (4.6-27.8%. in 0.6 M MgSO,, pH 5.6). The best osmotic stabilizer for the isoaltion
and regeneration of the protoplast was 0.6 M ammonium sulfate and 0.6 M magnesium
sulfate, respectively. The process of the protoplast isolaiton from swollen conidiospore and
regeneration having two patterns from protoplast were observed through light microscope.





