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ABSTRACT: In order to evaluate the applicability of enzyme electrophoresis for the identification of
intra/ interspecific hybride obtained by the protoplast fusion in Trichoderma, soluble proteins, in-
tracellular soluble enzymes and extracellular g -glucosidase were analyzed by polyacrylamide gel
electrophoresis. As the results, patterns of soluble protein, and isozyme patterns of peroxidase, malate
dehydrogenase, and g-glucosidase in hydrids were different from those in parental and wild type
strains. Therefore, it was established that the analysis of protein pattern by electrophoresis could be ap-

plied to isolate and identify the hybrids from the protoplast fusion.
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Table 1. List of strains used in this exprements
—_—
Phenotype Reference

Strains

Trichoderma koningii
ATCC26113 prototroph
AF-1 ade

wild type
Hongetal, 1984 ;
Park et al,, 1986
A-7 arg
AT-7
CFT-1
Trichoderma reesei
QMY414
UuQ-31
Hybrids
AF-1x AT-7
FAAtM 108 prototroph
FAAtM 206 “
AF-1x CFT-1
FACM 143 "
FACM 325 "
AF-1xUQ-31
FAQM 130 "
FAQM 142 "
FAQM 133 "
FAQM 241 "
FAQM 108 "
A-7xUQ-31
FA7QM 1 "
FA7QM 11 "

arg, leu
ade, lys
prototroph  wild type

lys, pro  Park ¢fal, 1986

Park et al,
1984; 1988

Park et al, 1986
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m! conc. H,SO,) 2mi, 0,1% acetaldehyde
0.2ml% 78 & 37CAlA 1747 ol 4 WAl
sha 600 nmell 4 §3Eg Skt

DNA & AR A8 EFAEEE Ao
A 2ol A #2238 sodium deoxynucleic acid type
M (Sigma)%& 5m! NaOH of ®a ¥ 10%
perchloric acid® #¢} FUsHAl A2lsted A8t
srt,

& A9| polyacrylamide gel X7|HE X HHY

A EW iﬂ,]_g_ﬁg}. 29 4 chul Al o] A7|3%
okAle Alsi¥ ] Yate] ZARNAY EFE A
N Hu 2|l 4 24-484]7F wjokslo] FAAIE -2
Ela 3-}’— Faxz ggal = (0, 1M Tris-HCl
(pH7.0)-6mM dithiothreitots & ek du
—u——t}i B4 (120 watt, 1027k 53)) % F, AT
2] (10,000X g, 30%)3ted AHEAE A82 AR
3kt

A28 g-glucosidase A1E~= 0.1% peptone®|
Hrlgl Gagol Azg iR (Park =, 1986)°l
A zAb #5620 widE F, 2 oviedeiele
WE AzAA AlLsisint,

A7)ed 52 Davis(1964)2] g ¥ sted
slab gelell 3t FA44 8% Bradford
(1976) oz whia g Aakstel AAsA AR-et
9lon, od7]el bromophenol bluest Ficolls 2

Protoplast fusants in Trichoderma 29

N

zxvsl A7 0,02%, 6.7% HEF Ak &

AFslgon], geld] =42 T—7—10/), C=2,

7%% dsich. A&7} separating gelell 1%

7R = 60V, L o]FollE 200Ve dAg Mgt

oz 4ColA ArskAct,

Gelboll Ao} FAgAe] AEe st o] £l
A8E AHgsld A7|9Ed F
ule-gel o @ peroxidase®} malate dehy-

drogenases 37°CollA, B-glucosidase™ 55°Cel

A 308-7bek ule-A]7 dslgit}, Peroxidase #

AAZA = S T geld FHITE AHT F,
19 hydrogen peroxideoll gH-of A Zct, 4l

T 2=g-4 whulAel o3Ale Table 29 kg8l

flo ri’L'

o8 23 FMsta 24 GRS SR
FAulb 11102090 BAged o R Rt
Zdz 3l n#
TR R4 AR v e AT 584 1
o BHE4 AT HEsted, dFUA ¥
P} dofn) T, Tk AT A H A]lel

st el ol Asa, ol &9 peroxidase,
malate dehydrogenase, AlEW &4 A =
A29 B-glucosidased] THEA FA-E A7
Ealo g FAse] Botrt

a2 73 Fig, 1ol4 %ol 584 shiAe] of

Table 2. Composition of reaction mixture for testing several enzymes.

Isozymes Reaction mixture References
Peroxidase 1. 0.1M Tris-HCl (pH7.0) catechol 100 m! Sato et al., 1980
220 mg
2. 1% hydrogen peroxide
Malate dehydrogenase 0.1M Tris-HCl (pH7.5) 100 m!/ Brownetal, 1978
D,L-malate 850 mg
NAD+ 30 mg
NBT 20 mg
PMS 4 mg
8 -glucosidase 0.5M acetate (pH5.0) 100 m/ Kwon, 1987
esculin 100 mg
FeCl3 30 mg

Total soluble protein

0.2% Coomassie Brilliant Blue R in solution of

methanol : water :acetic acid (5:5:1)

Abbreviation: NBT : nitro blue tetrazolium, PMS: phenazine methosulfate
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b
Fig. 1. Electrophoretic Pattern of total soluble protein in extracts of intraspecific hybrids (a), and interspecific hybrids
{b).
(a): T komingii ATCC26113 (1), AF-1 (2), AT-7(
FAAtM 206 (8).
(b): T koningii ATCC26113(7), T. reesei QM 9414 (6), AF-1 (5
QM 241 (1).

3), CFT-1(4), FACM 143 (5), FACM 325 (6), FAAtM 108(7),

), UQ-31(4), FAQM 108 (3), FAQM 1331(2), FA-
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a b

Fig. 2. Electrophorstic pattern of peroxidase in extracts of intraspecific hybrids (a) and interspecific hybrids (b}.
(a): FAAtM 206 (1), FAAtM 108 (2), FACM 325 (3), FACM 143 (4), CFT-1 (5), AT-7 (6), AF-
1(7), T koningii ATCC26113 (8).
(b): FAQM 241 (1), FAQM 133 (2), FAQM 108 (3), UQ-31 (4), AF-1 (5), T reesei QM 9414 (6), T. koningii
ATCC26113 (7).

a b
Fig. 3. Electrophoretic pattern of malate dehydrogenase in extracts of intraspecific hybrids (a), and interspecific
hybrids (b).
(a): AFFtM 206 (1), FAAtM 108 (2), FACM 325 (3), FACM 143 (4), CFT-1 (5), AT-7 (6), AF-
1(7), T. koningii ATCC26113 (8).
(b): 7. koningii ATCC26113 (1), T. reesei QM 9414 (2), AF-1(3), UQ-31 (4), A-7 (5), FAQM 130 (6), FAQM 142
(7), FATQM1 (8), FATQM 11 (9).
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a b

Fig. 4. Electrophoretic pattern of B-glucosidase in ex-

tracellular enzyme preparation from intraspeci-

fic hybrids (a) and interspecific hybrids (b).

(a): FACM 325 (1), CFT-1 (2), AF-1(3), T ko-
ningii ATCC26113 (4).

(b}: 7. koningii ATCC26113 (1), T, reesei QM
9414 (2), AF-1 (3), UQ-31 (4), FAQM 108
(5), FAQM 133 (6), FAQM 241 (7).

ZAMgE ul ek (Park 5, 1988). ol7]
%91 olgi=al Fejokdst DNA sheps
Aoidd Tahle 304 ¥ %o 27

Table 3. Induced segregation of interspecific hybrids using haploidizing agent, benlate.

Recombinant

Strain No. of colonies tested ade arg pro, lys prototype non-parental
FAQM 130 210 210 — — -
FAQM 142 98 87 11(11.2)* -
FA7QM 1 192 - — — 192(100!
FA7QM 11 190 — — — 190(100)

*: percent value
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Table 4. DNA content of parental strains and interspe-
cific hybrids obtained from spontaneous se-
gregation of interspecific fusants between T.
koningti ATCC26113 and T. reesei QM9414.

= ok FAQM 13031 ade : pro, lys: rec=
1:0:008 =25 AF-1{ade)d) #Hejold,

FAQM 142 = ade:pro, lysirec=8:0:1% No of Amort DNA contonts
11.2%¢1 227} ddedel A=gAel i, Strain protoplasts  of DNA per 106 of
FATQM1# FATQM1lelA= g3 de g8 (x108) (ug) protoplast(ng)
TR fddFe AT HebdA WKL atcczsiiz 070 8.25 117.98
2 gRRTS oE ddsTd A=A € gmoesie 1.06 119.81 113.03
ofHth, ol& mlFo] & w, FF FRutch & AF-1 1.16 14.81 122.29
guity 54% FAAE W AzPAsE dojx A7 1.38 8.71 99.85
Loulgo] Alcra] LFalshe], AzFHAe] AN UQ-31 1.18 13.73 74.16
£5 thz o]% #£e] DNA kS =ARE A3 FAQM-130 1.88 15.55 82.94
Table follAl B & glso] Avhs LFalal opy  FAQM-142 1.13 15.40 136.90
© gehiz 9k, =, FAQM130S S8zl FA7TQM-1 1.28 15.55 121.98
UQ 315 AL E 3ol v, FATQMI 3 FA7QM-11 1.05 10.54 100.36
FATQM112 F op83e] DNA 3 32 455
vepich, = FAQM 142€ opdde] F7Rct 1. ¥ 225 359 Algo] o|ufalzl opd oAl
0] B2 g o 4 g}, oAt AAERH = & o 4 3, DNA o] e FAQM1429] #

£ oS AAE G S AT AR L o) U G5 o S Il 2999 A
ol sisled A4S oW HM (FTA)ZY  2PASL A4S s YA B,

8 2
TrichodermaTsl YA §ol A& F71/ FU Ao FAE Aste] A2 84 dael A2 B-glucosidased]
dALS A7|dEH S o] &3 BAAE uHE ARt zAlelg o, AEe] peroxidase, malate dehydrogenase, AlZW 4

o

£4 el ol ‘ﬂ£94 B-glucosidase] %
s . olzA Fae) ArdEH
854 Nﬁ-—%l -’T— a5 s,

B P WIgBYo 1AL AN AR ¥ A S TReke che
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