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ABSTRACT: Intraspecific fusants, produced by protoplast fusion of auxotrophic mutants from Tricho-

derma koningii ATCC 26113, were segregated into various strains including parental types,

non-parental

auxotrophic hybrids, and prototrophic hybrids on complete plate.Interestingly, some of non-parental
prototrophic hybrids revealed to have enhanced cellulolytic activity incomparison with other strains of

parents or hybrids

derived thereafter. It was also evident that prototrophic hybrids of aneuploid could

be constructed after the spontaneous segregation of complementing fusants produced through the pro-

toplast fusion.
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Table 1. List of T. koningii strains used in this study.
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Z 50mM Tris-50mM EDTA £°88 5m/ 7}§
i SDS & 0.5g A7ksted 65Coll 201 x|}
%A E me)n o7l £ % absolute

Strain Phenotype Origin Reference

ATCC 26113 prototype wild type

AF-1 ade ATCC 26113 Hongetal, 1984
A-7 arg ATCC 26113 Hongetal, 1984
AT-7 arg, leu A-7 Park ¢t al., 1986
CFT-1 yel, arg CF-1a Park et al., 1986
CUT121 whi, lys, met C-2b Park ef al., 1986
FACM 106, 143, 316, 325 prototroph AF-1xCFT-1 This study
FAAtM 108, 144, 206, 218 prototroph AF-1xAT-7 This study
FAUM 102, 230 prototroph AF-1xCUTI121 This study
FAtUM 219 prototroph AT-7xCUTI121 This study

a,b: These strains were also derived from ATCC 26113 by UV mutagenesis.
Abbreviation; ade: adenine, arg: arginine, leu: leucine, lys: lysine, met: methionine, whi: white, yel: yellow.
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Table 2. Spontaneous segregation of intraspecific tusants obtained from protoplast fusion between various auxo-

trophic mutants of T. koningii ATCC 26113

Cross No. of Colonies Genotype of conidia from heterokarvons

(genotype) tested ade arg  met adelys argleu  lys,met  proto. rec
AF-1(ade) x 260 189 >7 14 —
CFT-1(arg)

A-7(arg) x 215 9y 103 13
C1Ul(met)

A-7(arg) x 221 72 141 18 -
AF-1(ade)

AF-1xAT-7 140 94 38 8 —
(arg, leu)

AF-1(ade) x 219 169 40 9 1
CUT121(lys, met)

CFT-1(arg) x) 241 29 43 30 139
CUT121(ade, lys)

AT-7(arg, leu) x 130 23 93 13 1
AFT-1(ade, lys)

AT-7(arg, leu) x 240 6 11 16 195
CUT121(lys, met)
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Table 3. Genetic traits of regenerated protoplasts derived from the stable fusant of the strain AT-7 (arg, leu) and strain
CUT121 (lys, met).

Protoplasts from the Protoplasts were No. of % growth value of colonies on
mycelium grown on regenerated on colonics tested  CMs MM +lys, met MM +varg, lue  MM?
Complete medium CRM¢ 37 100 100 100 100
MRM +lys, met 48 " " " "
MRM +arg, leu 48 " " " "
MRM¢ 48 " " "
Minimal medium CRM 33 100 100 100 100
MRM +lys, met 48 " " " "
MRM +arg, leu 48 " " " "
MRM 48 " " " "

¢Complete agar medium. #Minimal agar medium. ¢Complete regeneration agar medium. ¢ Minimal regeneration agar
medium.

stod Bgreh F, AT-77 CUTI21 8] §34 £ &% ohjsigich, weby 2zdt o A%e 2
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of Botrh, 2 A3} Ajgslel 2 nE Aot 59 ool Al Awl ¥ FHA ZAle] AR Rl
AdHelAqh(Table 3). o] Ade] AaL AESL 4w AZAPL Fojod e 2 280 7h%
of Xl AT-73 CUT 1214 924 §84171  sloh, 38 Aawix o] 3e A4y Sajodo)
AL HawiAlelA Fehd SUAE Hawthl  F FaAhAe EEe g Tl F 289 4
Aol F7laL ol bAoA zpdFelAA  MAQl o] Eajsls olaala Alw| e Ex)|sini,
Qe 4 A A S 2ARIIE Wl AE o] AlelAe elge] FuA wm o vho w)
5l SRty LAl FdYo] LA A WA £z o) FojArh, Hie] FUL Huwjx Aol
of olgaiAo]7] wifell vl Zolebd, HH A" §IAE AARL)AZ] T odojA Ty
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Table 4. Extracellular celluiase activity in various parental strains of T. koningii and their hybrids obtained from intra-
specific protoplast fusion.

Strain Avicelase CMCase B-glucosidase Protein
(units) {units)e (units)? (1g/ml)
ATCC26113 40.47 202,97 690 102.42
AF-1 24 .84 38.72 650 97.88
CFT-1 6.09 71.09 180 138.79
AT-7 50.47 191.09 450 187.27
CUT121 18.97 109.29 690 85.35
AF-1 x CFT-1
FACM 106 6.09 133.59 630 96.36
FACM 325 58.59 232.34 1050 163.06
FACM 143 41.72 256.72 720 141.82
FACM 316 53.28 197.34 480 108.48
AF-1 xCUT121
FAUM 102 20.47 201.09 490 102.42
FAUM 230 2047 147.97 730 100.91
AF-1 x AT-7
FAAtM 218 37.97 197.97 780 113.03
FAAtM 108 60.47 245.47 670 149.09
FAAtM 206 52.03 251.72 740 114.54
FAAtM 144 32.97 222.97 810 120.61
AT-7xCUTI121
FAtUM 219 9.22 216.09 470 102.42
“Unit was expressed by the amount of glucose equivalent produced (ug/m)).
»Unit was expressed by the amount of p-nitrophenol produced (x2mol/mi).
ATCC26113 9] 45l &4 v 2|z] Fshe 7o) % B-glucosidase o] A7}x] Ea%o] vE & £ AbE]
Qo) 83 zﬂifa dojAl  #AFZo= Sty &l CFT-1, C1U1 91 32k, AlA - g-gluco-

b Esk ohde opgel ATCC26113 80 4% sidase S4%5abo] 4% §38e) AT o5 e
& FlEase] FAE FEEe) Ao v )
T A7 A B as AR 2 Avicelase V) 2], Nevalainen # Palva(1978)o] 2]}
B-glucosidase ¥t} CMCase ©] 34 o] %_XL]EJ 7 T. viride © 4% cellulase, mannanase % xy-
b wgterl, A2 AR rbeke S8 lanase o Abx) E4Se FumAS PEael
7ol AR chalal gaeks §h) %%1% ¢ 2WIAE An glod, m o oE Hgx 2P
AL HoiZzq 9rh L Polyporus adustus ¢ 7%= Eal3} A2
a8, T koningii ©) Fdwe|2EE §3tn H18 8} o)} (Eriksson 7 Goodell 1, 1974), =3l
o2 AHEE FFEE MEe Afa Helas pglucosidase = cellulase oo o 23R
BAs e Z=AE 49, Eriksson# Goodell o el3led waxl Zelet &1Act (Nevalainen 7

(1974) = Nevalainen 3 Palva(1978)¢] ® we}
AR, Ae] tiR-Ee] M4 Ralso] &alg]
of ygler aA ArkaA] fEoz Bl
A, Avicelase 9 CMCase vt £4b5l S0z
+ AF-13 CUTI121, £8 Avicelase, CMCase

Palva, 1978), whib] 2 AdollA) elojzl Zojw
olFE9 54 49E o} Avicelase 9 CMC-
ase = FAlol &A=, g-glucosidase & E2H
& @ F demz, cellulase THAE = Avic
elase ot CMCasc & &% 27| 2ol oalo] o
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Aol (Min 5, 1988a), 41 A4l odojal

A JEeFA =AY 4

Sl laiol F =& F700 FARY
T

g2
23 o Azio] o) £ W BAY 4 ek,
A B Sl ol T AT
Z AAHoz ARe| Afa Faliase 24

A dj7kx] #5375 AH3le], Al£2 mannanase,
polygalacturonase, xylanase ¢ 45 ZAsAd
o}, = A3 Table 5ol ®EXol, FACM 325,
FACM 143, FAAIM2062 okdgal ATCC
261130l wlsle] 2% efdf FeEaso] T
=z 23} Aolgert, FAAIM108 9 7%, mann-
anase &} pectinase 2] 44l polygalacturonase
o gAo| FAH AT vehisdst, 2,
Nevalainen # Palva(1978), Eriksson ¥
Goodell (1974) 8] ®1ell 25hd, Afx El5ol
9)e AL cellulase, mannanase, xylanase 2|
AN FAolle FE5H 27| 2T A
olg} sledew, Polyporus adustus 2 735, °l€
A|74A 4+ cellulose 9 glucomannan ol €3t
of 25 71 o] fr=Hrta s19ct (Eriksson
Goodell, 1974), ==ivt £ Aol Az, wi7ix|
Z AEEo] 5 Avicelase 9 CMCase 7} &
2 430|320l uFsled mannanase 2} xylanase

46 w4 Wk ot

ASL

Nevalainen 3%

Table 5. Activity of extracellular polysaccharide hydro-
lytic enzymes in hypercellulolytic hybrids ob-
tained from intraspecific protoplast fusion in

7. koningii,
Hybrid strain ~ Mannanase Polygalac- Xylanase
turonase
FACM 325 — 6.90(90.1)* 14.22(47.7)
FACM 143 — 3.28(42.8) 1.72(5.8)
FAAtM 108 2.40 9.21(120.2) 22.97(77.0)
FAAtM 206 — 0.15(2.0) 4.84(16.2)
ATCC 26113 — 7.66(100) 29.84(100)

* relative activity; Activity was expressed by the
amount of glucose equivalents released (ug/m)).
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Palva(1978)+} Eriksson # Goodell(1974)e]
Astedel wvlelE w2l cellulase, mannanase,
xylanase o 4 =A7|zte] A og AT
Ao g FZH75 s, dgARZE oleld &
by @uidl Ayl REsict sl @
A 57 A dTAEe] ARgg
o= ‘:ELEL 3 A dojAl AFelng o
A ke #5 glov, a4 FEuix|el
LA 02 Avicel & CMC 5 &l AH&5E5d 7|0l
o2 At gy ) x glenzg, A
o=t =g A 4 ek, o= A o FE
E.“a‘ﬁ] 317) Sstoisde gl A" AF &
W o]Z=E9] mannanase, xylanase, pectinase oil
EHf{} Bz 5o At o] zZF=Elofof & Ao]
}, cellulase o F4E 2ARste] 2 vloll o5k
(Azbe Holx] ojd), opddal ATCC26113
7 Al FRF FFog PAHo] IS
weba], 43 polygalacturonase o A7) 2
cellulase (Avicelase, CMCase) o= o5 ZHeo=
shebEict,
ZEo| ool Falst 9 DNA &
A AR Ul7HA] W AFY Ay EAE
gted, olFe WAME Al FEEA
benlate 7} 715 A A|o] wioFdt F 2
FAE FESR], TAEY dUdaTHE AR
gt o As g¥eate TAxg s FelEe
ulgol, FACM143¢] 7% F7px =g¥s A
Z&8o] ade:arg:.rec=29:1:5°¢]x FACM
3055 ade:arg rec=1:0:99% 79 =& %
27} Ededokde] AxdAgern], FAALM206
2 ade:arg leu:rec=46:1:154 2 A +
gz o] 77% 7 SRl aw Fﬂ
FAAtM108-% ade: arg, leu:rec=35.1.15%
vehde, Salodokae] Az $ab oidet =
T3 8 ks 74-F vehlle AzgAsE 5
7} dezich(Table 6). &, FAF Tt 8
zel A U wAAE W AzEH
7} QdoiAE wlgo| Aws| EEdsie, AzA
of AAulg wg AolE BT a gk, o]F At
Z2| DNA 3ars 2413 23 Table 7014 %
o], AE] U], FAAIM1089 7%+
e A o Fulol sigsle e 2oy

»

du 4 rle o
N

o

‘_u‘ m\o

O

rulm
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Table 6. induced segregation of intraspecific hybrids using haploidizing agent, beniate.

Recombinant

Strain No. of colonies tested ade arg, leu arg
prototype non-parental
FACM 143 68 59 2 o> -
FACM 325 191 2 - 189(98) -
FAAtM 108 212 48 1 163(77)
FAAtM 206 108 74 2 30(28) 2
*: percent value
Table 7. DNA contents of parental strains and intra- 2 77 ATCC 261139 629, 669% Fo|gic},
specific hybrids obtained from spontaneous o]2]gt DNA %eko) a}o]= DNA &ak % ML o

segregation of intraspecific fusants.

sto] 7+ Eo Ho| o] AR 2]

<
! . 6 - -
Strain ool 107 pefstel Algulstinl, ol A8 WHAAS)

— : — DNA @go] Z7] afol7} b AAls|gle 71g
oo o o Z1”leke AL 4 ook = Goha) A of
AT-7 970 vl BAdT Rl e XA Condide al
CFT-1 103.2 bicans ol T2 815X d) T AT AHZol
FACM 143 93.0 &7 ehA A 2 (Olaiya 9} Sogin, 1979 ;
FACM 395 124.7 Whelan 5, 1980 ; Whelan Magee, 1981 ;
FAAtM 108 208.8 Suzuki &, 1982), =laiAe) 2= Ty
FAAM 206 99.1 choderma & T-R7} oA 2 EAG Ssadel 9

o &, Hag T koningii ATCC 26113 2] ol
el AL 2noln, ofrlo] Tolwie] Gurg
oB8HE<l ATCC261139] 15ufol 2ali= 7lo]g) Helof 25 ‘)nJ,p nAEle] Eoime)z=s) iy
o &, FACMI432 §8wi#9 CFT-1% § o = S 5, AF-12 2n4te)e] Sofnjo)=
AHgE FEolgla, FACM325: S8t olm, AT- 7JJr CFT 1¢ nabele] Sqiwlo]zoe
?l AF-1 #5%, FAAIM108¢ §3tmeol 3t vho webd AF-1 AT-7, CFT-19 §9tefoe

WAR-LE Looled & che §URT ATT  Agslol olold 4% £ FACMI5 = n ey

o
ol
T

2 79 Wlkd 59 DNA #8ke uwojzm g the Soe GRS o) Zhe o4y - 9lo
ok olatel Aol B £ 9l AL B Hajm =, FACM1423 FAAtM 206 %t} S E-L)]
ATol, Aol opd o|5HYE o 4 g}, =, TelAEe] 5ted o o wigel Halojoly Y

FACM143 FACM 325, FAAIM 206 ®bpalel zgha)7) Alas)e obarsl o 1)}, o)l 22

&

7PRE olsAloled, FAAMI08& olsfalell 7} o g ATCC26113 3 o] 2.8¥ olojxr] zkz =

e oAl 2AY 4 ogleh 2 SURF ehwolze) Ay e Ana) Mofok & Hojni,
* DNA 92 2al AF-12 oM48el ATCC  doat §90e] $44%50] uep o sjoimor
261185} 78} V%R FEeld, AT-73 CFT-1L 3bae) 22o) 7159 sioo),

¥ 2

Trichoderma kowningii ATCC26113 0 2 4€] olo]xl oforg iy Aol FEe 2y
T8 A2 bl Aol 4 S5}t A= YA & =7 &
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