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Antifungal Effect and activity

spectrum of crude antifungal proteins

from hemolymph of larvae of Tenebrio molitor in Korea
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ABSTRACT: Antifungal protein from the hemolymph of larvae of Tenebrio molitor in Korea was
partially purified by C;3 open column chromatography and assayed for the activity spectrum using
3 kinds of yeast and 4 kinds of filamentous fungi. The crude antifungal protein showed static
activity for a broad range of fungal species. Weak cidal effects were observed in growing yeast
type cells, including Candida and Saccharomyces. The affected cells were changed from ovoid to
swollen and spherical form in shape. For filamentous fungi including Aspergillus and Fusarium, the
crude antifungal protein affected the spore germination and the hyphal growth but not the viability

significantly.
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Al g} yo] EAZA IFu|AE
a7k s AP gle) AF
daldo] HyEe] gled, AR
cecropin®. 24 o] ojz] 3] HelEHglon]
(Steiner et al., 1981; Samakovlis et al., 1990), L
EAe R FE FIAY AAE N o
T3] A4 RulEe dudfAzy F2
2% FHelyt o $AT Wit $EE )
A3 9lck. EME magainin® 24 0] Xenous
laevis ] Z23tPolv} FoolA Eal- AA™ Holu,
Ao diste] YR BEHE I

molitor, activity speetrum

¢S e Zeg FAET gJcHZasloff, 1987;
Giovannin et al., 1987). A%+ defensine]dt A
o] h e AlgS 2 o9 F79 4
FEY AAEERE Ee-AAGeH,
FAF, dAHE, dupelzis Ao e d¥A=R
W Eelel, 22 defensin® A9} o A Zd
NE 2o RARe 2 QA FEb wase
(Ouellette et al., 1989). Cecropin, magainin, defen-
sine FEHo 2 AsE W ol iAks T3
gom, FAFA e Jehl= 71AL AlETd
channel& #A3te] Aedod wte] 283 2t
sl Aolaky ZA . tiWesterhoff ef al.,
1989; Kagan ef al., 1990; Wade et al., 1990).
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AQH2F o] 4E 3 Qe FAF AAE HFEol
SddTEY F71EE gAA z wid F2E
7R FRF AAE AL MiEA gx de A
Holch AEEHE hdl g b 3T E
Aol Fejgd A= AEeA] Fal-AA=le] g}
T Astetd EA e AFAst Bas
ZAEe] slcKHuynh et al., 1992; Cammue et al.,
1991). HIoll= 29 Ax2H e gxF % T
2h-8-& 7Hxl dildoe) Rl AAE Udx FE29
I EAd A3 A3y} w3 E g cHDiamond ef
al., 1991). A7 w¥A Fol= cysteined ol
X233} peptides(Cammue ef al., 1991; Diamond et
al., 1991)¢} chitinase(Huynh ef al., 1992) S-o] &
Ad AL Veple Ao Kol girh

B QTE T3E5o] Alde] "ol EAste Folvt
FA 5 BAT A4 A A AR 5 e e
229 A AT Al g AH kel
E40] sl Aol & gqlelzha MAsta, 2=
£2E & ADe Candida albicansdl o3 Fx1F
8- Jelle 3E Ad A (Tenebrio
moliton) 2R 1 A& B8 Azl gl &
e el 3o delA delde 24 H49
5399 Ax 2 43 71 w2z sk

J

Mz W oy

A S

2% 7HClass Insecta), A8 E(Order Co-
leoptera), 71x12] 3{Family Tenebrionidae), ] #| 2]
£(Genus Tenebrio)ol] <+8H= AL o) 77
A e](Tenebrio molitor)] 35 AHNEZ Al43}
dom 24TolAq Ur&s) wiFEdE Holz
F710ES 8 £& ol ASakn

AE i 2F

avy AFFERE BERE Candida albi-
cans KCTC1940, Saccharomyces cerevisiae DBY747,
Trimorphomyces papilonaceus, A48 AFF(HrurEs
EBEE Aspergillus nidulans FGSC4, Aspergillus
niger, Fusarium oxysporum, Alternaria malig A}

gahget,

HiX] W BN

C. albicans+ sabouraud wjA]ollA] i oFsted z,
S. cerevisiae= YEPD, A. nidulans$} A. niger< As-
pergillus CM(Harsani, 1976), F. oxysporum<} A.
mali+ potato dextrose £+ YG(Timberlake, 1980)
&) Ay ejekstaict. S, cerevisiae$t A maliv
30l A, YAl 37CA wigstgdc)

XIFE A FE Y FE A

5] Adg ol Al o £ 3lT phen-
yloxidaseol 2%+ melanizationg WA57] ¢4
phenylthiocarbamide 10 mgs elstdo, 48
g A NS 4To4] 12,000 rpm o2 1587 Al
g)slo] AEdE Aok FHTE 10w M
aEA} lale A7) 9s) 100CH A 1587
A2 T 2447 Fr 4T B o-F A
FFo)2 ojFste] WiAdH nEAl ki AS A
), oJ=Ae] 5% trifluoroacetate(TFA)S 4]o]A]
HE Fx7} AY AR 005%7} HEZ Fu)s}
93t} Cy open columng 100% CH;CNell A suspe-
ndingg lesion® 2 F#3t2 $19} ARE loading
stadth 2712 100% CH,CN# 45% CH;CN £v &
7zt Alge] 2uje] ¥-u7} HA A 4
45 6m//8minoiglrl. £&% 7 fractionell A
200 WH #Helo] AFAxI F WFF FFT 200
W2 59l the spectrophotometryE o]-43ted C.
albicans® 3+ BAFHE 248 9T Cis open
column chromatography & 2x}el] Z A A|sislich

YA By
Al Ak Lowryyg o] &5t viLowry and
Kosebrough, 1951).

ZHE FIAEFol gt X7 DA F=5Y X

C. albicans$}t S. cerevisiae®] single colonyg
Au el HEste] 124]7F Faob Aletujeldt F o)
Helo] wiokal-g Hs} AEF7E 1X10'~2X10*
cells/mo] HEZ M3kl HF 337} 400 Wt
Hx 2 g v FEAs Egsiich vk
F 427w}t dAeFe] whg- NS Fshe] ayuf el
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Fig. 1. C;s open column pattern of antifungal protein
(solid line; protein absorbance at 280 nm, do-
tted line; antifungal activity absorbance at 650
nm).

AE3a 24217 wF ¥ ¥ colonyd] &
ZAstsich A nidulanset A. nigers 397, F. oxy-
sporum@ A malie 747t Wkl 0:1% tween
80 gdo2 FAEF 43317 sodium phosphate
$4E84(01M, pH7.0)Z 23] AHF o2 FAF
Tl S e whyo g A gt

¥ o

5,000 wiele] A fEozhE IFYZE A
#H3lod dA2d F Cy open columno® ¥-33}
ArHFig. 1). Columng £l A& B8 s} spe-
ctrophotometers ©]-8-3}¢J 650 nmeljA] 7=
F4E T 7 Z4& Bole 9~299) F32(Fig
1) Bo} AFAZY F 5mg/mlY 55 Hx2
AdE ZFT Fo] 4T B3l ALt
A2 50000 2] 8] 3o 2HE 50 mg 7)o ¥
7 @A FZAg dg9lon] SDS-PAGEE £A
S | A 4359 o] Bt

o] gzl A F2AL C albicans, S. cerevi-
size R T. papilionaceus 5 3%2] A3 g7
A midulans, A. niger, F. oxysporum, A. mali S
4% AMFE AdFl Hesld 7 EHE
zALsledy. A 28Ql C. albicans 2 S. cerevisiae=
5mg/m/9] i WA Fxox o} g}
7ol As =R o™, XAtaw}} vjekslA] Vel
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Fig. 2. Effect of crude antifungal protein on yeast
type fungi: Saccharomyces cerevisiae (a) and
Candida albicans (b) were treated with va-
rious concentrations and grown in YEPD and
SB broth, respectively. Alliquotes were remo-
ved at 4 hours interval and plated on YEPD
or SB agar media.
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Fig. 3. Effect of crude antifungal protein on the via-
bility of several filamentous fungi treated at
the concentration of 5 mg/mi.
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Fig. 4. Effect of crude antifungal protein on the via-
bility of two yeast type fungi at non-growing
condition. Cells were treated with antifungal
protein at the concentration of 5 mg/m/ and
incubated in 0.05M phosphate buffer (pH 7.0).
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Fig. 5. Effect of crude antifungal protein on hyphal
growth of filamentous fungi. Conidia of A.
nidulans or F. oxysporum were treated with
crude antifungal protein at concentration of
5 mg/m/ and incubated in CM broth. When
5 hours had passed since incubation and
more than 80% of spores protruded germ tu-
bes, the hyphal length was estimated through
microscope at every 2 hours and average le-
ngth of ten hyphae was represented.

ble counting o2 ZAMg AFAE 2w A4S
ATl e A AT Ve A sieHFig
4; A nigere AF 9|AAD. 22} A nidulans )
EALe] wtol &w ol F oxysporum R A. nidulans$)
AR Srrl A4 FaEEe Zo]l FE|e]
(Fig. 5), A7 A 200 Srofl = ApALF ] Hbo}
RS AASke D Aol 9 7o g Afg =

Fig. 6. Morphology of yeast cells treated with antifu-
ngal protein at the concentration of 5 mg/m/
for 4 hrs. (a) Candida albicans: untreated ce-
ls with ovold form. (b) Candida albicans:
treated cells. Arrows indicate morphologically
changed cells, from ovoid to swollen and
spherical form. (¢) Saccharomyces cerevisiae:
untreated cells. (d) Saccharomyces cerevisiae:
treated cells. (X400).
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Fig. 7. Morphology of Aspergillus niger cells treated
with antifungal protein for 8 hours. (a, b) and
12 hours. (c, d) after germination induction.
(a, ¢) untreated cells. (b, d) treated cells. Ar-
rows indicate the abnormal tips. (>X400).

porum ZAS-ME FAFdNA Zd L e s}
AT W, TAZA detsA GE EAL Bol
AL oyl £AF @ 7 o] Yok
Aol Felrt 3o Usol BAHAQKFIE 7;
A. nidulans ¥ F. oxysporum+= 2} & 1] A}A]). o)2] g
FejH sk pd A FERo] At YA
BAAaA A AGALE At AL HoErh &9
Basidiomycetesl| 4-31= T. papilionaceuse A3 L
Hell Soll A3 AL #A] FUHAR vlAAD.

olatel ZAztel zho] gl FEHL 7HF
a5l Ha AAEAE ZA] AL FE AFAAH
AZE JAske 24 Jehldch §3) A4
Aol g AR Ao YehtA] stor
bt Y] Az ARt RoFgcl. ey
A AtaFH7} vlestAY UehdA] e olf7) 3l
T DA o] 7| Wid Fx itk wEhA

Axe) Wezel sk BNFRRAY A%
Qa2 A o $AAE Eelsd
S AZelA dEeR BRI whe] Hruteiel
2 Zolok. =& Axel YYZ 3% wuRo] ]
24 g e 25l del $0F Bdw =
ol olo] & FFel Aol olgt Hgeix
oy AHolE 2% ol4bs) AAFA W] &
Asp) dEAAE FAF IR 5 2l
AR B84l Aok 2o £ 299 By
ool 914t A7) Aol Aekat 2AHE AAAE A
$AAE Belse ol 4RA tlgke 2 BRAE
e Agsielol ¢ AoE ARt

H 2

Ade §39 YYzyE PUFY AU
Cis open column chromatography® -3 4] &}ed
3279 253 AFHe} 45579 A AF 5l
gt Azl 8BS FAsc) adyAe o
Hio) FiHel tis] ARG FdE RAFGe
v Saccharomyces cerevisiae®} Candida albicans©i]
e mlefstunt XALEAS #EE S #3
i Ae Al o, 24 ARy FA
Reofo] FFa ZA sk A AdFel o
A AAGA L) A FAH o A 47
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