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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 3 -glucosidase were analyzed by polyacrylamide gel
electrophoresis. As the results, patterns of soluble protein, and isozyme patterns of peroxidase, malate
dehydrogenase, and S-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

Strains Phenotype Reference

Trichoderma koningit
ATCC26113 prototroph  wild type
AF-1 ade Hong efal., 1984;
Park ¢t al., 1986
A-7 arg
AT-7
CFT-1
Trichoderma reesei
QMY414
UQ-31
Hybrids
AF-1 x AT-7
FAAtM 108 prototroph
FAAtM 206 "
AF-1 x CFT-1
FACM 143 "
FACM 325 "
AF-1xUQ-31
FAQM 130 "
FAQM 142 i
FAQM 133 "
FAQM 241 "
FAQM 108 "
A-7 x UQ-31
FA7QM 1 "
FA7QM 11 "

arg, leu
ade, lys
prototroph  wild type

lys, pro  Park efal, 1986

Park ef al.,
1984; 1988

Park et al., 1986
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Slod ol pellet-s AdRoll #bx|sle] zlod
S Zulxjzl & 109 perchloric acidol A
7| o}Z diphenylamine test® =& 3s}oic},
Dlphenyldmme testy Burton(1956)2} S
HE gk Giles®h Myers(1956) 2] wilol]l 2] 7] 5}o]
Adskeint, & $loll 4] ol2 DNA dekelof 10%
perchloric acid bm/5 #7sled 65CollA 2047k
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phenylamine in 100m/ glacial acetic acid, 1.5
m! conc, H,SO,) 2mi, 0.19% acetaldehyde
0.2ml%E 7Fgk § 37Ce A 1747k oA ukg-A]7
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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 ef 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
B -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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Fig. 1. Electrophoretic Pattern of total soluble protein in extracts of intraspecitic hybrids (a), and interspecific hybrids

(b).

@): T koningit ATCC26113 (1), AF-1(2), AT-7 (3), CFT-1 (4), FACM 143 (5). FACM 325(6), FAAtM 108 (7),

FAAtM 206 (8).

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

QM 241 (D).
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a b
Fig. 2. Electrophoretic 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): T. koningii ATCC26113(1), 7. reesei QM 9414 (2), AF-1(3), UQ-31 (4), A-7 (5), FAQM 130 (6), FAQM 142
(7), FATQM1 (8), FA7QM 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).

(@): FACM 325 (1), CFT-1 (2), AF-1(3), T’ ko
ningti ATCC26113 (4).

(h): T, koningii ATCC26113 (1), 7. reesei QM
9414 (2), AF-1 (3), UQ-31 (4), FAQM 108
(5), FAQM 133 (6), FAQM 241 (7).
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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)* —
FATQM 1 192 — — —_ 192(100}
FA7QM 11 190 — — — 190(100)

*: percent value
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ZTo| FHETY wAAE A AP ez Fel=
E okAe FAQM130¢ ade: pro, lys: rec=
1:0:022 =% AF-l(ade)®] 3 #f o] o,
FAQM 142 = ade: pro, lys:rec=8:0:1%
11.2%9 EA7F dodokdel AzgAlel ubd,
FA7TQM13}+ FATQM11ollME §3tedel ofoks
T4 deddge AzAes b sk
B RRTH oE gt Azt o

. | & o, A THod &
2 L T"r?ﬁx}‘o B AzgA 7L odoix]
| Eqrdshe, Az3hAe A
= 354 DNA & =24 A3
Table 4014 &  Uxol Awds] EFdd HA
& e itk &, FAQM1302 §3=1e
T+ eol, FATQM1 #%
FATQM11-& F opd o] DNA 3} e 55
vEbleh, = FAQM 142 o3 e] it 1,
2o =2 e & 4 Ut ol AAEHE F
F 7bed A o T AE] Aot mlabt
A2 gl ofstel A ol F A (FPA) =F

<

ri

=
Trichodermait®] AFAA 3ol g 2/ FW A9
bl A7 G TS o] &8 FaE ubgS FHEslo] 2ald)
|4 A 2l Al 29 B-glucosidased] FHEA FAE A7)
okAbe vlehliglch, o] 24 FAio] AIEWL o] &8 E9Fa
F-g5}A o] 2= !l“— 91-5-2 slolatoin,

REFERENCES

1. Bradford, M.M., 1976. A rapid and sensitive
method for the quantitation of microgram
quantities of protein utilizing the principle of
protein-dye binding. Awnal. Biochem. 72:
248-254.

2. Brown, A -H.D., E. Nevo, D. Zohary, and O.
Dagan, 1978. Genetic variation in natural po-
pulation of wild barley (Hordeum sponta-
neum). Genetica 49: 97-108.

3. Burton, K., 1956. A study of the conditions
and mechanism of the diphenylamine reaction
for the colorimetric estimation of deoxyribo-

J5Hoz $AY A3 ALd

Protoplast fusants in Trichoderma 33

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

No. of Amout  DNA contents
Strain protoplasts  of DNA per 106 of

(x108) (ug) protoplast(ng)
ATCC26113 0.70 8.25 117.98
QM9414 1.06 119.81 113.03
AF-1 1.16 14.81 122.29
A-7 1.38 8.71 99.85
UQ-31 1.18 13.73 74.16
FAQM-130 1.88 15.55 82.94
FAQM-142 1.13 15.40 136.90
FA7QM-1 1.28 15.55 121.98
FA7QM-11 1.05 10.54 100.36

A %) Aol olulalzl opd o]%aq)
T AU, DNA ofo]l B FAQM 1429 #
= Fo) S30jod A)

siste] AT 24 T4k AlZ2Y B-glucosidased
. 7‘1—;“-«] peroxidase, malate dehydrogenase, AlZW 4

a9 oplg ] FRekE o2
FArel BAdo] Ay A gtoll 23k HFol Faf w HA

<] e E

nucleic acid. Biochem. J. 62: 315-323.

4. Coughlan, M.P., 1985. Cellulose hydrolusis:
the potential, the problems and relevant re-
search at Galway. Bioche. Soc. Trans. 13: 405-
406.

5. Davis, B.J., 1964. Disc electrophoresis-II.
Ann. N.Y. Acad. Sci. 121: 404-427.

6. Durend, H., M. Clanet, and G. Tiraby, 1988.
Genetic improvement of 7richoderma reesei
for large scale cellulase production. Enz. Mi-
crob. Technol. 10: 341-346.

7. Ferenczy, L., 1980. Fusion of protoplast of
auxotrophic fungal mutants: Diversity in the
genetic background of nutritional comple-



34

10.

11.

12.

13.

14.

16.

17.

Min, Park and Hah

mentation. In: Advances in Protoplast Rese-
arch. ed. by L. Ferenczy and G.L. Farkas. pp.
55-62. Permond Press. Oxford.

. Ferenczy, L., 1984. Fungal protoplast fusion:

basic and applied aspects. In: Cell Fusion:
Gene Transfer and Transformation. ed. by
R.F. Beer, Jr. and E.G. Bassett. pp. 154-169.
Raven Press. New York.

. Giles, K.W. and A. Myers, 1965. An improv-

ed diphenylamine method for the estimation
of deoxyribonucleic acid. Nafure 206: 93.
Hansen, E.M., C.M. Brasier, D.S. Shaw, and
P.B. Hamm, 1986. The taxonomic structure
of Phytophthera megasperma: Evidence for
emerging biological species groups. Br. Myv-
col. Soc. 87: 557-573.

Hong, S.W., Y.C. Hah, and H.M. Park,
1984a. The conidial protoplast fusion of cel-
lulolytic fungus, Trichoderma koningii. Kor. J.
Microbiol. 22: 207-213.

Hong, SW., Y.C. Hah, H.M. Park, and N.J.
Cho, 1984b. Intraspecific protoplast fusion in
Trichoderma koningii. Kov. ]. Microbiol. 22:
103-110.

Hong, S.W. and H.M. Park, 1985. Protoplast
fusion in cellulolytic fungi, Trichoderma spp..
Kor. J. Nat'l. Acad. 24: 121-157.

Kwon, K.S., 1988. Studies on the biosynthe-
sis of g-glucosidase in Aspergillus nidulans.
Ph. D. Thesis. Seoul National University.
Merivuori, H., K.M./Siegler, J.A. Sands, and
B.S. Montenecuort, 1985. Regulation of cel-
lulase biosynthesis and secretion in fungi.
Biochem. Soc. Trans. 15: 411-414.
Montenecourt, B.S., 1983. Trichoderma reeser
cellulases. Trends in Biotech. 1: 156-161.
Murkovic, M., W. Steinen, and H. Ester-

18.

19.

20.

21.

23.

24.

25.

KOR. JOUR. MICROBIOL

bauer, 1987. Electropfusion of T¥ichoderma
reesei protoplasts. Lett. Appl. Micvobiol. 5:
107-109.

Ogawa, K., J.A. Brown, and T.M. Wood,
1987. Intraspecific hybridization of Trichoder-
ma reesei QM9414 by protoplast fusion using
color mutants. Ewnz. Micro. Technol. 9:
229-232.

Park, H.M. and S.W. Hong, 1988. Analysis
of intraspecific protoplast fusion products in
Trichoderma koningii. Kov. J. Microbiol. 26: in
press.

Park, H.M., J.M. Jeong, S'W. Hong, Y.C.
Hah, and C.N Seong, 1986. Interspecific pro-
toplast fusion of Tvichoderma kowningii and
Trichoderma rveesei. Kor. ] Microbiol. 24:
91-97.

Sato, M., M. Ichinoe, and O. Tsuruta, 1980:
Usefulness of gel electrophoresis comparison
of peroxidase for identification of Fusarium
species. Trans. Mycol. Soc. Japan 21: 229-235.

. Tooly, P.W., W.E. Fry, and M.]J. Villareal

Gonzalez, 1985. Isozyme characterization of
sexual and asexual Phytophthora infectans
populations. J. Hered. 76: 431-436.

Toyama, H., K. Yamaguchi, A. Shinmyo, and
H. Okada, 1984a. Protoplast fusion of Tricho-
derma reesei using immature conidia. Appl.
Environ. Microbiol. 47: 363-368.

Toyama, H., T. Yokoyama, A. Shinmyo, and
H. Okada, 1984b. Interspecific protoplast fu-
sion of Trichoderma. J. Biotechnol. 1: 25-35.
Zamir, D. and 1. Chet, 1985. Application of
enzyme electrophoresis for the identification
of isolates in Trichoderma harzianum. Can. J.
Microbiol. 31: 578-580.

(Received Feb. 14, 1989)





